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Liste des auteurs
F. Accadbled
^ĞƌǀŝĐĞ�Ě Ž͛ƌƚŚŽƉĠĚŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ�ĚĞ�ů͛ŚƀƉŝƚĂů�ĚĞƐ�
�ŶĨĂŶƚƐ�ĚƵ��,h�ĚĞ��ŽƌĚĞĂƵǆ
^ĞƌǀŝĐĞ�Ě Ž͛ƌƚŚŽƉĠĚŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ�
ĚĞ�ů͛,ƀƉŝƚĂů�WƵƌƉĂŶͲ�,h�ĚĞ�dŽƵůŽƵƐĞ

F. Alkar
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ŝŶĨĂŶƟůĞ�Ͳ��,h�ĚĞ�DŽŶƚƉĞůůŝĞƌ
^ĞƌǀŝĐĞ�ĚĞ�DWZ�Ͳ�/ŶƐƟƚƵƚ�^ĂŝŶƚͲWŝĞƌƌĞ�Ͳ�WĂůĂǀĂƐ�ůĞƐ�ŇŽƚƐ

E. Alladot
�ĞŶƚƌĞ�hŶŝǀĞƌƐŝƚĂŝƌĞ�ĚĞ�DĠĚĞĐŝŶĞ�ĚƵ�^ƉŽƌƚ�
Ğƚ��ĐƟǀŝƚĠ�WŚǇƐŝƋƵĞ��ĚĂƉƚĠĞ�ĚƵ��͘,͘Z͘h͘�ĚĞ�EĂŶĐǇ
�ůůĠĞ�ĚƵ�DŽƌǀĂŶ͘�ϱϰϱϭϭ�sĂŶĚƈƵǀƌĞͲůğƐͲEĂŶĐǇ
����Ğǀ�,�Ͳ��ĠƉĂƌƚĞŵĞŶƚ�ĚĞ�WŚǇƐŝŽůŽŐŝĞ
&ĂĐƵůƚĠ�ĚĞ�DĠĚĞĐŝŶĞ�ĚĞ�EĂŶĐǇ�Ͳ�hŶŝǀĞƌƐŝƚĠ�ĚĞ�>ŽƌƌĂŝŶĞ
ϵ͕�ĂǀĞŶƵĞ�ĚĞ�ůĂ�&Žƌġƚ�ĚĞ�,ĂǇĞ͘�ϱϰϱϬϱ�sĂŶĚƈƵǀƌĞͲůğƐͲ
EĂŶĐǇ�

M. Bolzinger
^ĞƌǀŝĐĞ�Ě͛KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ͕�,ƀƉŝƚĂů�ĚĞƐ��ŶĨĂŶƚƐ͕
�,h�ĚĞ�dŽƵůŽƵƐĞ�Ͳ�ϯϯϬ�ĂǀĞŶƵĞ�ĚĞ�'ƌĂŶĚĞͲ�ƌĞƚĂŐŶĞ�
ϯϭϬϮϲ�dŽƵůŽƵƐĞ�ĐĞĚĞǆ

A. Chalopin
EĂŶƚĞƐ͕�&ƌĂŶĐĞ

K. Chaumoitre
^ĞƌǀŝĐĞ�Ě͛/ŵĂŐĞƌŝĞ�DĠĚŝĐĂůĞ�Ͳ�,ƀƉŝƚĂů�EŽƌĚ�Ͳ�WƀůĞ�
Ě͛/ŵĂŐĞƌŝĞ��ƐƐŝƐƚĂŶĐĞ�WƵďůŝƋƵĞ�Ͳ�,ƀƉŝƚĂƵǆ�ĚĞ�DĂƌƐĞŝůůĞ
�ŝǆ�DĂƌƐĞŝůůĞ�hŶŝǀ͕ ��EZ^͕��&^͕����^͕�DĂƌƐĞŝůůĞ͕�&ƌĂŶĐĞ

B. Chenuel
�ĞŶƚƌĞ�hŶŝǀĞƌƐŝƚĂŝƌĞ�ĚĞ�DĠĚĞĐŝŶĞ�ĚƵ�^ƉŽƌƚ�
Ğƚ��ĐƟǀŝƚĠ�WŚǇƐŝƋƵĞ��ĚĂƉƚĠĞ�ĚƵ��͘,͘Z͘h͘�ĚĞ�EĂŶĐǇ
�ůůĠĞ�ĚƵ�DŽƌǀĂŶ͘�ϱϰϱϭϭ�sĂŶĚƈƵǀƌĞͲůğƐͲEĂŶĐǇ
����Ğǀ�,�Ͳ��ĠƉĂƌƚĞŵĞŶƚ�ĚĞ�WŚǇƐŝŽůŽŐŝĞ
&ĂĐƵůƚĠ�ĚĞ�DĠĚĞĐŝŶĞ�ĚĞ�EĂŶĐǇ�Ͳ�hŶŝǀĞƌƐŝƚĠ�ĚĞ�>ŽƌƌĂŝŶĞ
ϵ�ĂǀĞŶƵĞ�ĚĞ�ůĂ�&Žƌġƚ�ĚĞ�,ĂǇĞ
ϱϰϱϬϱ�sĂŶĚƈƵǀƌĞͲůğƐͲEĂŶĐǇ��

F. Chotel
KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ͕��ůŝŶŝƋƵĞƐ�hŶŝǀĞƌƐŝƚĂŝƌĞƐ�
h�>�^ĂŝŶƚͲ>ƵĐ͕�ϭϬ�ĂǀĞŶƵĞ�,ŝƉƉŽĐƌĂƚĞ͕�ϭϮϬϬ��ƌƵǆĞůůĞƐ�
Ͳ�'ƌĂŶĚ�,ƀƉŝƚĂů�ĚĞ��ŚĂƌůĞƌŽŝ͕�ϯ�'ƌĂŶĚ͛ZƵĞ͕�ϲϬϬϬ�
�ŚĂƌůĞƌŽŝ͕��ĞůŐŝƋƵĞ
�ĠƉĂƌƚĞŵĞŶƚ�ĚĞ��ŚŝƌƵƌŐŝĞ�KƌƚŚŽƉĠĚŝƋƵĞ�WĠĚŝĂƚƌŝƋƵĞ͕�
,ƀƉŝƚĂů�&ĞŵŵĞ�DğƌĞ��ŶĨĂŶƚ
ϱϵ�ďŽƵůĞǀĂƌĚ�WŝŶĞů�Ͳ�ϲϵϲϵϵ��ƌŽŶ

E. Choufani
�WͲ,D͕�^ĞƌǀŝĐĞ�Ě͛KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ͕�,ƀƉŝƚĂů�
dŝŵŽŶĞ��ŶĨĂŶƚƐ͕�Ϯϲϰ�ƌƵĞ�^ƚ�WŝĞƌƌĞ͕�ϭϯϬϬϱ�DĂƌƐĞŝůůĞ͕�
&ƌĂŶĐĞ
�ŝǆͲDĂƌƐĞŝůůĞ�hŶŝǀĞƌƐŝƚĠ͕�&ĂĐƵůƚĠ�ĚĞ�DĠĚĞĐŝŶĞ͕�
Ϯϳ�ďŽƵůĞǀĂƌĚ�:ĞĂŶ�DŽƵůŝŶ�Ͳ�ϭϯϬϬϱ�DĂƌƐĞŝůůĞ�Ͳ�&ƌĂŶĐĞ

R. Compagnon
^ĞƌǀŝĐĞ�Ě͛KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ͕�,ƀƉŝƚĂů�ĚĞƐ��ŶĨĂŶƚƐ͕�
�,h�ĚĞ�dŽƵůŽƵƐĞ�Ͳ�ϯϯϬ�ĂǀĞŶƵĞ�ĚĞ�'ƌĂŶĚĞͲ�ƌĞƚĂŐŶĞ�
ϯϭϬϮϲ�dŽƵůŽƵƐĞ�ĐĞĚĞǆ

A. Courvoisier
^ĞƌǀŝĐĞ�Ě Ž͛ƌƚŚŽƉĠĚŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ�
,ƀƉŝƚĂů��ŽƵƉůĞͲ�ŶĨĂŶƚ
�,h�'ƌĞŶŽďůĞ��ůƉĞƐ

:͘��ŽƩĂůŽƌĚĂ
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ŝŶĨĂŶƟůĞ�Ͳ��,h�ĚĞ�DŽŶƚƉĞůůŝĞƌ
^ĞƌǀŝĐĞ�ĚĞ�DWZ�Ͳ�/ŶƐƟƚƵƚ�^ĂŝŶƚͲWŝĞƌƌĞ�Ͳ�WĂůĂǀĂƐ�ůĞƐ�ŇŽƚƐ

�͘��Ğ��ŽƵƌƟǀƌŽŶ�
�ĞŶƚƌĞ�ĚĞ�ƉĠĚŝĂƚƌŝĞ�'�ĚĞ��ůŽĐŚĞǀŝůůĞ͕��,Zh�dŽƵƌƐ

C. Decante
EĂŶƚĞƐ͕�&ƌĂŶĐĞ

M. Delpont
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ŝŶĨĂŶƟůĞ�Ͳ��,h�ĚĞ�DŽŶƚƉĞůůŝĞƌ
^ĞƌǀŝĐĞ�ĚĞ�DWZ�Ͳ�/ŶƐƟƚƵƚ�^ĂŝŶƚͲWŝĞƌƌĞ�Ͳ�WĂůĂǀĂƐ�ůĞƐ�ŇŽƚƐ

C. Desvignes
^ĞƌǀŝĐĞ�Ě͛/ŵĂŐĞƌŝĞ�DĠĚŝĐĂůĞ�Ͳ�,ƀƉŝƚĂů�EŽƌĚ�Ͳ�WƀůĞ�
Ě͛/ŵĂŐĞƌŝĞ��ƐƐŝƐƚĂŶĐĞ�WƵďůŝƋƵĞ�Ͳ�,ƀƉŝƚĂƵǆ�ĚĞ�DĂƌƐĞŝůůĞ
^ĞƌǀŝĐĞ�ĚĞ�ZĂĚŝŽůŽŐŝĞ�WĠĚŝĂƚƌŝƋƵĞ�Ͳ�,ƀƉŝƚĂů�Ě͛�ŶĨĂŶƚƐ�
dŝŵŽŶĞ�Ͳ�WƀůĞ�Ě͛/ŵĂŐĞƌŝĞ

H. Ducou Le Pointe
^ĞƌǀŝĐĞ�ĚĞ�ZĂĚŝŽůŽŐŝĞ�WĠĚŝĂƚƌŝƋƵĞ͕�,ƀƉŝƚĂů��ƌŵĂŶĚͲ
dƌŽƵƐƐĞĂƵ͕�Ϯϲ�ĂǀĞŶƵĞ�ĚƵ��ƌ��͘�EĞƩĞƌ�Ͳ�ϳϱϬϭϮ�W�Z/^

C. Duran Joya
�ĞŶƚƌĞ�WĠĚŝĂƚƌŝƋƵĞ�ĚĞ�DĠĚĞĐŝŶĞ�WŚǇƐŝƋƵĞ�Ğƚ�ĚĞ�
ZĠĂĚĂƉƚĂƟŽŶ�ZŽƋƵĞƚĂŝůůĂĚĞ͘�ϯϮϱϱϬ�DŽŶƚĞŐƵƚ
Ϯ�,ƀƉŝƚĂů�ĚĞƐ��ŶĨĂŶƚƐ��,h�ĚĞ�dŽƵůŽƵƐĞ

E. Ebermeyer
hŶŝƚĠ�ƌĂĐŚŝƐ�Ͳ��,h���>>�sh�
�Ě�WĂƐƚĞƵƌ�ϰϮϬϯϬ�^ƚ��ƟĞŶŶĞ�ĐĞĚĞǆ�Ϯ
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B. Fraisse
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ
�,Zh�ZĞŶŶĞƐ�Ͳ�,ƀƉŝƚĂů�^ƵĚ�
ϭϲ͕��ŽƵůĞǀĂƌĚ�ĚĞ��ƵůŐĂƌŝĞ�Ͳ�ϯϱϮϬϯ�ZĞŶŶĞƐ��ĞĚĞǆ�

R. Gouron
^ĞƌǀŝĐĞ�Ě͛KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ�
�,h��ŵŝĞŶƐ�Ͳ�'ƌŽƵƉĞ�,ŽƐƉŝƚĂůŝĞƌ�^ƵĚ
&ͲϴϬϬϱϰ��D/�E^��ĞĚĞǆ�ϭ�Ͳ�&ƌĂŶĐĞ

S. Guillard
EĂŶƚĞƐ͕�&ƌĂŶĐĞ

P. Guillemot
^ĞƌǀŝĐĞ�ĚĞ�ŵĠĚĞĐŝŶĞ�ĚƵ�ƐƉŽƌƚ
�ĞŶƚƌĞ�,ŽƐƉŝƚĂůŝĞƌ�hŶŝǀĞƌƐŝƚĂŝƌĞ��Ğ�ZĞŶŶĞƐ
Ϯ�ZƵĞ�,ĞŶƌŝ�>Ğ�'ƵŝůůŽƵǆ�Ͳ�ϯϱϬϯϯ�ZĞŶŶĞƐ��ĞĚĞǆ

A. Hamel
EĂŶƚĞƐ͕�&ƌĂŶĐĞ

A. Hays
,�z^��ƌŶĂƵĚ�/ŶƐƟƚƵƚ�ĚĞƐ�^ĐŝĞŶĐĞƐ�ĚƵ�DŽƵǀĞŵĞŶƚ
�ŝǆͲDĂƌƐĞŝůůĞ�hŶŝǀĞƌƐŝƚĠ�Ͳ�&ƌĂŶĐĞ

C. Jeandel
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ŝŶĨĂŶƟůĞ�Ͳ��,h�ĚĞ�DŽŶƚƉĞůůŝĞƌ
^ĞƌǀŝĐĞ�ĚĞ�DWZ�Ͳ�/ŶƐƟƚƵƚ�^ĂŝŶƚͲWŝĞƌƌĞ�Ͳ�WĂůĂǀĂƐ�ůĞƐ�ŇŽƚƐ

R-E. Jeantet
^ĞƌǀŝĐĞ�ĚĞ��ŚŝƌƵƌŐŝĞ�WĠĚŝĂƚƌŝƋƵĞ͕��,h�ĚĞ�ZĞŶŶĞƐ͕�
,ƀƉŝƚĂů�^ƵĚ͕��ŽƵůĞǀĂƌĚ�ĚĞ��ƵůŐĂƌŝĞ�ϯϱϮϬϯ�ZĞŶŶĞƐ

P. Joly Monrigal
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ŝŶĨĂŶƟůĞ�Ͳ��,h�ĚĞ�DŽŶƚƉĞůůŝĞƌ
^ĞƌǀŝĐĞ�ĚĞ�DWZ�Ͳ�/ŶƐƟƚƵƚ�^ĂŝŶƚͲWŝĞƌƌĞ�Ͳ�WĂůĂǀĂƐ�ůĞƐ�ŇŽƚƐ

A. Josse
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ͕
�ĞŶƚƌĞ�,ŽƐƉŝƚĂůŝĞƌ�hŶŝǀĞƌƐŝƚĂŝƌĞ��Ğ�ZĞŶŶĞƐ�Ͳ�,ƀƉŝƚĂů�^ƵĚ
ϭϲ͕��ŽƵůĞǀĂƌĚ�ĚĞ��ƵůŐĂƌŝĞ�Ͳ�ϯϱϮϬϯ�ZĞŶŶĞƐ��ĞĚĞǆ

J-L. Jouve
�WͲ,D͕�^ĞƌǀŝĐĞ�Ě͛KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ
,ƀƉŝƚĂů�dŝŵŽŶĞͲ�ŶĨĂŶƚƐ
Ϯϲϰ�ƌƵĞ�^ƚ�WŝĞƌƌĞ͕�ϭϯϬϬϱ�DĂƌƐĞŝůůĞ�Ͳ�&ƌĂŶĐĞ
�ŝǆͲDĂƌƐĞŝůůĞ�hŶŝǀĞƌƐŝƚĠ͕�&ĂĐƵůƚĠ�ĚĞ�DĠĚĞĐŝŶĞ
Ϯϳ�ďŽƵůĞǀĂƌĚ�:ĞĂŶ�DŽƵůŝŶ�Ͳ�ϭϯϬϬϱ�DĂƌƐĞŝůůĞ͕�&ƌĂŶĐĞ

S. Krissian
�ĞŶƚƌĞ�ĚĞ�ƉĠĚŝĂƚƌŝĞ�'�ĚĞ��ůŽĐŚĞǀŝůůĞ�Ͳ��,Zh�dŽƵƌƐ

A. Lalioui
^ĞƌǀŝĐĞ�Ě Ž͛ƌƚŚŽƉĠĚŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ�ĚĞ�ů͛ŚƀƉŝƚĂů�
ĚĞƐ��ŶĨĂŶƚƐ�ĚƵ��,h�ĚĞ��ŽƌĚĞĂƵǆ
^ĞƌǀŝĐĞ�Ě Ž͛ƌƚŚŽƉĠĚŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ�ĚĞ�ů͛,ƀƉŝƚĂů�WƵƌƉĂŶͲ
�,h�ĚĞ�dŽƵůŽƵƐĞ

F-X. Lambert
EĂŶƚĞƐ͕�&ƌĂŶĐĞ

K. Lambot
�ĂďŝŶĞƚƐ�ĚĞ�ƌĂĚŝŽůŽŐŝĞ
ϭϳ�ĐŽƵƌƐ�:ŽƐĞƉŚ�dŚŝĞƌƌǇ�Ͳ�ϭϯϬϬϭ�DĂƌƐĞŝůůĞ
ϵϳ�ĂǀĞŶƵĞ�tŝůůŝĂŵ��ŽŽƚŚ�Ͳ�ϭϯϬϭϮ�DĂƌƐĞŝůůĞ
^ĞƌǀŝĐĞ�ĚĞ�ZĂĚŝŽůŽŐŝĞ�Ͳ�,ƀƉŝƚĂů�EŽƌĚ
ĐŚĞŵŝŶ�ĚĞƐ��ŽƵƌƌĞůǇ�Ͳ�ϭϯϬϭϱ�DĂƌƐĞŝůůĞ

F. Launay
�WͲ,D͕�^ĞƌǀŝĐĞ�Ě͛KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ
,ƀƉŝƚĂů�dŝŵŽŶĞͲ�ŶĨĂŶƚƐ
Ϯϲϰ�ƌƵĞ�^ƚ�WŝĞƌƌĞ�Ͳ�ϭϯϬϬϱ�DĂƌƐĞŝůůĞ�Ͳ�&ƌĂŶĐĞ
�ŝǆͲDĂƌƐĞŝůůĞ�hŶŝǀĞƌƐŝƚĠ�Ͳ�&ĂĐƵůƚĠ�ĚĞ�DĠĚĞĐŝŶĞ
Ϯϳ�ďŽƵůĞǀĂƌĚ�:ĞĂŶ�DŽƵůŝŶ�Ͳ�ϭϯϬϬϱ�DĂƌƐĞŝůůĞ�Ͳ�&ƌĂŶĐĞ

C. Le Gall
^ĞƌǀŝĐĞ�ĚĞ��ŚŝƌƵƌŐŝĞ�WĠĚŝĂƚƌŝƋƵĞ�Ͳ��,h�ĚĞ�ZĞŶŶĞƐ�Ͳ�
,ƀƉŝƚĂů�^ƵĚ��ŽƵůĞǀĂƌĚ�ĚĞ��ƵůŐĂƌŝĞ�Ͳ�ϯϱϮϬϯ�ZĞŶŶĞƐ

Y. Lefèvre
^ĞƌǀŝĐĞ�Ě Ž͛ƌƚŚŽƉĠĚŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ�ĚĞ�ů͛ŚƀƉŝƚĂů�
ĚĞƐ��ŶĨĂŶƚƐ�ĚƵ��,h�ĚĞ��ŽƌĚĞĂƵǆ
^ĞƌǀŝĐĞ�Ě Ž͛ƌƚŚŽƉĠĚŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ�ĚĞ�ů͛,ƀƉŝƚĂů�WƵƌƉĂŶ
�,h�ĚĞ�dŽƵůŽƵƐĞ

D. Louahem
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ŝŶĨĂŶƟůĞ�Ͳ��,h�ĚĞ�DŽŶƚƉĞůůŝĞƌ
^ĞƌǀŝĐĞ�ĚĞ�DWZ�Ͳ�/ŶƐƟƚƵƚ�^ĂŝŶƚͲWŝĞƌƌĞ�Ͳ�WĂůĂǀĂƐ�ůĞƐ�ŇŽƚƐ

G. Lucas
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ
�ĞŶƚƌĞ�,ŽƐƉŝƚĂůŝĞƌ�hŶŝǀĞƌƐŝƚĂŝƌĞ��Ğ�ZĞŶŶĞƐ�
,ƀƉŝƚĂů�^ƵĚ�Ͳ�ϭϲ��ŽƵůĞǀĂƌĚ�ĚĞ��ƵůŐĂƌŝĞ�Ͳ�ϯϱϮϬϯ�ZĞŶŶĞƐ�

S. Marleix
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ
�ĞŶƚƌĞ�,ŽƐƉŝƚĂůŝĞƌ�hŶŝǀĞƌƐŝƚĂŝƌĞ��Ğ�ZĞŶŶĞƐ�
,ƀƉŝƚĂů�^ƵĚ�Ͳ�ϭϲ��ŽƵůĞǀĂƌĚ�ĚĞ��ƵůŐĂƌŝĞ�Ͳ�ϯϱϮϬϯ�ZĞŶŶĞƐ

Liste des auteursList of authors_÷gggTTrTqgO⑧fggg



ͳ�ϳ�ͳ

E. Mayrargue
EĂŶƚĞƐ͕�&ƌĂŶĐĞ

P. Neagoe
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ŝŶĨĂŶƟůĞ�Ͳ��,h�ĚĞ�DŽŶƚƉĞůůŝĞƌ
^ĞƌǀŝĐĞ�ĚĞ�DWZ�Ͳ�/ŶƐƟƚƵƚ�^ĂŝŶƚͲWŝĞƌƌĞ�Ͳ�WĂůĂǀĂƐ�ůĞƐ�ŇŽƚƐ

Th. Odent
�ĞŶƚƌĞ�ĚĞ�ƉĠĚŝĂƚƌŝĞ�'�ĚĞ��ůŽĐŚĞǀŝůůĞ�Ͳ��,Zh�dŽƵƌƐ

M. Panuel
^ĞƌǀŝĐĞ�Ě͛/ŵĂŐĞƌŝĞ�DĠĚŝĐĂůĞ�Ͳ�,ƀƉŝƚĂů�EŽƌĚ
WƀůĞ�Ě͛/ŵĂŐĞƌŝĞ��ƐƐŝƐƚĂŶĐĞ�WƵďůŝƋƵĞ
,ƀƉŝƚĂƵǆ�ĚĞ�DĂƌƐĞŝůůĞ
�ŝǆ�DĂƌƐĞŝůůĞ�hŶŝǀ͕ ��EZ^͕��&^͕����^͕�DĂƌƐĞŝůůĞ͕�&ƌĂŶĐĞ

<͘�WĂƩĞ
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ŝŶĨĂŶƟůĞ�Ͳ��,h�ĚĞ�DŽŶƚƉĞůůŝĞƌ
^ĞƌǀŝĐĞ�ĚĞ�DWZ�Ͳ�/ŶƐƟƚƵƚ�^ĂŝŶƚͲWŝĞƌƌĞ�Ͳ�WĂůĂǀĂƐ�ůĞƐ�ŇŽƚƐ

^͘�WĞƐĞŶƟ
�WͲ,D͕�^ĞƌǀŝĐĞ�Ě͛KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ
,ƀƉŝƚĂů�dŝŵŽŶĞͲ�ŶĨĂŶƚƐ
Ϯϲϰ�ƌƵĞ�^ƚ�WŝĞƌƌĞ�Ͳ�ϭϯϬϬϱ�DĂƌƐĞŝůůĞ�Ͳ�&ƌĂŶĐĞ
�ŝǆͲDĂƌƐĞŝůůĞ�hŶŝǀĞƌƐŝƚĠ�Ͳ�&ĂĐƵůƚĠ�ĚĞ�DĠĚĞĐŝŶĞ
Ϯϳ�ďŽƵůĞǀĂƌĚ�:ĞĂŶ�DŽƵůŝŶ�Ͳ�ϭϯϬϬϱ�DĂƌƐĞŝůůĞ�Ͳ�&ƌĂŶĐĞ

W͘ �WĞƟƚ
^ĞƌǀŝĐĞ�ĚĞ�ZĂĚŝŽůŽŐŝĞ�WĠĚŝĂƚƌŝƋƵĞ�Ͳ�,ƀƉŝƚĂů�Ě͛�ŶĨĂŶƚƐ�
dŝŵŽŶĞ�Ͳ�WƀůĞ�Ě͛/ŵĂŐĞƌŝĞ�
�ŝǆ�DĂƌƐĞŝůůĞ�hŶŝǀĞƌƐŝƚĠ�Ͳ����ϯϮϳϵ�Ͳ�DĂƌƐĞŝůůĞ�Ͳ�&ƌĂŶĐĞ�

J. Porterie 
�ĞŶƚƌĞ�WĠĚŝĂƚƌŝƋƵĞ�ĚĞ�DĠĚĞĐŝŶĞ�WŚǇƐŝƋƵĞ�Ğƚ�ĚĞ�
ZĠĂĚĂƉƚĂƟŽŶ�ZŽƋƵĞƚĂŝůůĂĚĞ͘�ϯϮϱϱϬ�DŽŶƚĞŐƵƚ
,ƀƉŝƚĂů�ĚĞƐ��ŶĨĂŶƚƐ��,h�ĚĞ�dŽƵůŽƵƐĞ

V. Rampal
^ĞƌǀŝĐĞ�Ě Ž͛ƌƚŚŽƉĠĚŝĞ�ŝŶĨĂŶƟůĞ
,ƀƉŝƚĂƵǆ�WĠĚŝĂƚƌŝƋƵĞƐ�ĚĞ�EŝĐĞ��,h�>ĞŶǀĂů
ϬϲϬϬϬ�EŝĐĞ�Ͳ�&ƌĂŶĐĞ

S. Raux
KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ�Ͳ��ůŝŶŝƋƵĞƐ�hŶŝǀĞƌƐŝƚĂŝƌĞƐ�
h�>�^ĂŝŶƚͲ>ƵĐ�Ͳ�ϭϬ�ĂǀĞŶƵĞ�,ŝƉƉŽĐƌĂƚĞ͕�ϭϮϬϬ��ƌƵǆĞůůĞƐ
'ƌĂŶĚ�,ƀƉŝƚĂů�ĚĞ��ŚĂƌůĞƌŽŝ
ϯ�'ƌĂŶĚ͛ZƵĞ�Ͳ�ϲϬϬϬ��ŚĂƌůĞƌŽŝ�Ͳ��ĞůŐŝƋƵĞ
�ĠƉĂƌƚĞŵĞŶƚ�ĚĞ��ŚŝƌƵƌŐŝĞ�KƌƚŚŽƉĠĚŝƋƵĞ�WĠĚŝĂƚƌŝƋƵĞ
,ƀƉŝƚĂů�&ĞŵŵĞ�DğƌĞ��ŶĨĂŶƚ
ϱϵ�ďŽƵůĞǀĂƌĚ�WŝŶĞů�Ͳ�ϲϵϲϵϵ��ƌŽŶ

�͘�^ĂĮ
�ĞŶƚƌĞ�WĠĚŝĂƚƌŝƋƵĞ�ĚĞ�DĠĚĞĐŝŶĞ�WŚǇƐŝƋƵĞ�Ğƚ�ĚĞ�
ZĠĂĚĂƉƚĂƟŽŶ�ZŽƋƵĞƚĂŝůůĂĚĞ͘�ϯϮϱϱϬ�DŽŶƚĞŐƵƚ
Ϯ�,ƀƉŝƚĂů�ĚĞƐ��ŶĨĂŶƚƐ��,h�ĚĞ�dŽƵůŽƵƐĞ

J. Sales De Gauzy
^ĞƌǀŝĐĞ�Ě͛KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ�Ͳ�,ƀƉŝƚĂů�ĚĞƐ��ŶĨĂŶƚƐ
�,h�ĚĞ�dŽƵůŽƵƐĞ͘�ϯϯϬ�ĂǀĞŶƵĞ�ĚĞ�'ƌĂŶĚĞͲ�ƌĞƚĂŐŶĞ�
ϯϭϬϮϲ�dŽƵůŽƵƐĞ�ĐĞĚĞǆ

P. Unal 
�ĞŶƚƌĞ�ĚĞ�ƉĠĚŝĂƚƌŝĞ�'�ĚĞ��ůŽĐŚĞǀŝůůĞ�Ͳ��,Zh�dŽƵƌƐ

S. Vandergugten
KƌƚŚŽƉĠĚŝĞ�WĠĚŝĂƚƌŝƋƵĞ�Ͳ��ůŝŶŝƋƵĞƐ�hŶŝǀĞƌƐŝƚĂŝƌĞƐ�
h�>�^ĂŝŶƚͲ>ƵĐ�Ͳ�ϭϬ�ĂǀĞŶƵĞ�,ŝƉƉŽĐƌĂƚĞ͕�ϭϮϬϬ��ƌƵǆĞůůĞƐ
'ƌĂŶĚ�,ƀƉŝƚĂů�ĚĞ��ŚĂƌůĞƌŽŝ
ϯ�'ƌĂŶĚ͛ZƵĞ�Ͳ�ϲϬϬϬ��ŚĂƌůĞƌŽŝ�Ͳ��ĞůŐŝƋƵĞ

P. Violas
^ĞƌǀŝĐĞ�ĚĞ�ĐŚŝƌƵƌŐŝĞ�ƉĠĚŝĂƚƌŝƋƵĞ͕
�ĞŶƚƌĞ�,ŽƐƉŝƚĂůŝĞƌ�hŶŝǀĞƌƐŝƚĂŝƌĞ��Ğ�ZĞŶŶĞƐ
,ƀƉŝƚĂů�^ƵĚ�
ϭϲ���ŽƵůĞǀĂƌĚ�ĚĞ��ƵůŐĂƌŝĞ�Ͳ�ϯϱϮϬϯ�ZĞŶŶĞƐ��ĞĚĞǆ�

P. Wicart
,ƀƉŝƚĂů�EĞĐŬĞƌ�Ͳ��ŶĨĂŶƚƐ�DĂůĂĚĞƐ
ϭϰϵ�ƌƵĞ�ĚĞ�^ğǀƌĞƐ�Ͳ�ϳϱϬϭϱ�WĂƌŝƐ
hŶŝǀĞƌƐŝƚĠ�WĂƌŝƐ��ĞƐĐĂƌƚĞƐ

Liste des auteursList of authors-oqgffSEsgsGOAGgong_



8 
 

Table of contents 
 
Conservative treatment of juvenile osteochondritis dissecans of the knee     9 
V. RAMPAL 
 
Conservative management of ligamentous injuries of the knee      16 
B. FRAISSE, G. LUCAS, S. MARLEIX, A. JOSSE, P. VIOLAS, P. GUILLEMOT 
 
Pathogenesis, diagnosis and management of spondylolysis and mild spondylolisthesis in athletic children and 
adolescents           22 
P. VIOLAS, G. LUCAS, A. JOSSE, S. MARLEIX, B. FRAISSE, P. GUILLEMOT, C. LE GALL, R.E. JEANTET 
 
Conservative management of spondylolysis and spondylolisthesis in children and adolescents   30 
E. EBERMEYER 
 
Physical conditioning for the prevention of overuse injuries in children     44 
A.HAYS 
 
Surgical treatment of ligamentous injuries of the knee in children      47 
E. CHOUFANI, S. PESENTI, F. LAUNAY, J-L. JOUVE 
 
Osteochondritis dissecans of the knee : pathophysiology and contributing factors    57 
B. DE COURTIVRON, P. UNAL, S. KRISSIAN, Th. ODENT 
 
Meniscal injuries in athletic children         65 
S. VANDERGUGTEN, S. RAUX, F. CHOTEL 
 
Radiographic exploration in athletic children        81 
H. DUCOU LE POINTE 
 
Radiographic diagnosis of osteochondritis of the knee       91 
K. LAMBOT 
 
,V�WKHUH�D�SODFH�IRU�VXUJLFDO�PDQDJHPHQW�LQ�DGROHVFHQWV�ZLWK�6FKHXHUPDQQ¶V�GLVHDVH"   99 
F.X. LAMBERT, C. DECANTE, E. MAYRARGUE, S. GUILLARD, A. CHALOPIN, A. HAMEL 
 
Treatment of ScheuHUPDQQ¶V�GLVHDVH         110 
M. DELPONT, P. JOLY MONRIGAL, P. NEAGOE, D. LOUAHEM, C. JEANDEL, F. ALKAR, K. PATTE, J. 
COTTALORDA 
 
Spondylolysis and spondylolisthesis: operative treatment      122 
R. COMPAGNON, M. BOLZINGER, J. SALES DE GAUZY 
 
6FKHXHUPDQQ¶V�N\SKRVLV : etiology and diagnosis       132 
P. WICART 
 
Imaging of meniscal and ligamentous injuries of the knee in children     139 
M. PANUEL, C. DESVIGNES, K. CHAUMOITRE, P. PETIT 
 
Overuse injuries in children          151 
A.COURVOISIER 
 
Treatment of overuse injuries in children        157 
R. GOURON 
 
Medical eligibility to participate in high-performance sports in children and adolescents   167 
E. ALLADO, B. CHENUEL 
 
Disability and sports          179 
J. PORTERIE, A. SAFI, C. DURAN JOYA, J. SALES DE GAUZY 
 
Surgical management of osteochondritis dissecans of the knee      184 
Y. LEFEVRE, A. LALIOUI, F. ACCADBLED 

 



9 
 

Conservative treatment of juvenile 
osteochondritis dissecans of the knee 
Dr Virginie Rampal MD, PhD 

Department of Pediatric Orthopaedic Surgery 
Lenval University Children's Hospital 
06000 Nice, France 

1. Definition 

Osteochondritis dissecans (OCD) of the knee is defined as necrosis of the subchondral bone 
leading to lesions at the level of the articular cartilage. The juvenile form of osteochondritis 
dissecans (JOCD) appears in children [1,2]. 

The etiology of this pathology is thought to be multifactorial and multiple potential causes 
have been evoked (vascular, mechanical, or developmental mechanisms). It is important to 
note that the most frequently affected location (posterolateral aspect of the medial femoral 
condyle) is due to the load-bearing nature of the area, where there is maximal load. 
Osteochondral lesions at the level of the tibial spine may be due to significant traction [3]. 

Good outcomes of conservative treatment and cases with complete spontaneous resolution 
have been reported dating back 50 years ago [4-6]. Some cases of rapid spontaneous healing 
have also been reported: Only patients suffering from lingering and refractory pain for many 
months tend to seek medical care [7]. 

2. Type of treatment [8,9]  

A panoply of conservative treatment modalities is available in the literature.  

2.1. Medical treatment 

Medical treatment has not shown to be effective in the management of JOCD [10]. 

2.2. Conservative treatment 
2.2.1 Reduced physical activity 

Patients diagnosed with JOCD are primarily managed by a global reduction in physical activity, 
especially with a cessation of all contact sports, running, jumping, squatting, and prolonged 
standing positions [3,9,12]. 

2.2.2 Physical therapy 

Physical therapy may be useful as a complementary treatment modality and should be 
considered mainly for muscular strengthening. Iontophoresis (the use of continuous galvanic 
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currents which may cause burns or injury to the physes in children) or shock-wave therapy 
have not shown to be effective in the treatment of JOCD and are not recommended in 
children. 

2.2.3 Limb unloading [9] 

Unloading of the limb is generally indicated with either partial weight-bearing with the use 
crutches, or non-weight-bearing with the use of a wheelchair. 

Some authors recommend immobilization by casting or the use of an unloader brace with 
either a varus or a valgus deviation depending on the location of the osteochondral lesion 
[1,10]. The duration of the immobilization is usually 6 to 12 weeks and depends on the 
radiographic progression of the lesion. The use of unloading orthoses remains controversial 
as significant improvements in outcomes have yet to be shown [13]. 

3. Duration of treatment  

The literature shows favorable results following conservative treatment for a duration 
ranging between 3 months to 2 years. A reduction in physical activity for a minimum of 6 to 
12 months should be attempted before conclusions are made on the effectiveness of 
conservative treatment [10,12]. Frequent radiographic and clinical follow-up (every 6 to 8 
weeks) are generally the norm and allow for a surveillance of the progression of the lesion, 
thereby guiding treatment. A follow-up MRI 4 to 6 months after initiation of treatment may 
be indicated. A reduction of at least 15% of the size of the lesion and a decrease in signal 
intensity in the bone surrounding the lesion indicate progression toward healing [10]. A 
gradual return to normal activity may thus be allowed, starting with certain activities with low 
impact on the knees (such as biking, swimming or walking). 

Kocher et al. described a 3-phase protocol for the conservative treatment of JOCD [14]: 

- Phase 1 consists of knee immobilization for a period of 4 to 6 weeks, partial weight-
bearing and crutches. At the end of this stage, the knee should be pain-free. 

- During phase 2 (weeks 6 to 12), brace-free weight bearing may be allowed. Physical 
therapy is usually initiated at this stage in order to regain range of motion and muscle 
conditioning. 

- Phase 3 begins after 12 weeks when signs of clinical and radiographic healing begin to 
appear. This consists of a progressive return to sports after a follow-up MRI has been 
obtained. 

4. Outcome assessment 

A study conducted in 1999 by the French Society of Pediatric Orthopedics (SOFOP) defined 
the different outcomes of treatment of JOCD [8].  

- The knee is said to be normal when it is free of pain, tenderness, and swelling. The 
lesion, as visualized on radiographs, must have either decreased in size or have 
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disappeared, without any evidence of intraarticular loose bodies or secondary 
osteoarthritis. 

- The knee is said to be nearly normal if there is minimal pain or tenderness, with a 
persistent lesion on follow-up radiographs, without any cartilaginous damage. 

- The knee is said to be abnormal if there is marked pain, gross joint effusion, a lesion 
>20mm in diameter, marked sclerosis, intraarticular loose body, or osteoarthritis. 

Although radiographs are the primary diagnostic tool [11], an MRI of the knee is considered 
the mainstay in diagnosis as it allows a thorough assessment of the interface between the 
osteochondral fragment and the underlying bone [15,16].  

Kramer͛Ɛ MRI-based grading system [17] (Table 1) has shown a high correlation ƚŽ�'ƵŚů͛Ɛ�
arthroscopic grading system [18] (Table 2). 

5. Indications  

Even though many treatment modalities have been described for the management of JOCD, 
conservative treatment remains the preferred method. 

5.1. Patient-dependent factors: 

- Age, especially skeletal age: In patients with an open distal femoral physis, 
conservative treatment should be the preferred treatment modality [1,8,15,19,20,21]. 
Imminent closure of the physes (within 6 months of the initiation of management) is 
thought to be a factor of poor prognosis [21]. 

- Compliance of the patient, parent and surgeon to the treatment plan is indispensable 
[1,9,21], especially since cessation of physical activity for a minimum of 1 year may be 
extremely difficult for child athletes, especially elite athletes, to abide by. However, 
family members should be properly educated on the fact that conservative treatment 
often confers better outcomes than surgery, and that the duration of cessation of 
sports is not reduced by surgical intervention [21].   

- The presence of functional signs (swelling, blocking) [9], which represent independent 
risk factors for the failure of functional treatment [10]. 

- Concomitant ipsilateral discoid meniscus [9,20]. 
- Delay between the start of symptoms and diagnosis (less or more than 6 months) 

[9,20]. 
- Body mass index [9]. 

5.2. Lesion-specific factors at the time of initiation of treatment: 

- Lesion stability, or absence of tears of the articular cartilage (as evaluated on T1-
weighted images in all 3 planes) [1,8,15, 20, 21]: Stability of the lesion is one of the 
primary factors dictating the expected outcomes after conservative treatment. In one 
multicentric study, poor outcomes of conservative treatment were found in 25% of all 
patients. However, at the moment of initiation of treatment, only 10% of the patients 
who had favorable expected outcomes and 45% of those who had unfavorable 
expected outcomes, ended up with unfavorable outcomes [8]. 
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The same study also showed that, when the expected outcome was favorable, 
conservative treatment showed better results compared than those treated surgically 
(10% vs 25% of abnormal knees, respectively). Inversely, when the expected outcome 
was unfavorable, surgical treatment yielded superior results (33% vs 44% of abnormal 
knees, respectively) [8]. 
The International Cartilage Repair Society (ICRS) classification [22] categorizes 4 
different groups with decreasing lesion stability (I to IV). From this classification,  
groups I and II have shown up to 78% of favorable outcomes when treated 
conservatively [23]. 

- Location of the lesion: The classic location (Intercondylar notch of the medial condyle) 
is a factor of good prognosis compared to other locations [7-9]. Patellar lesions 
generally carry the worst prognosis [9]. 

- Size of the lesion: although no clear consensus exists between authors on threshold 
values, the values cited by most studies would be around 12mm [20,21].  

Nevertheless, MRI data should not be considered in isolation as an indication for surgical 
treatment [24-28] due to the high sensitivity but low specificity of this imaging modality 
[10,28]. By combining both clinical and imaging data, in 2018, Wall et al. [1] proposed an 
algorithm predicting the probability of healing of a given lesion, with excellent intra- and 
inter-rater reliability [29]. 

 
The size of the lesion is therefore a primary prognostic factor predicting the progression of 
the lesion. The normalized size of the lesion along with the importance of clinical symptoms 
may predict the probability of healing. The equation relies on the size of the lesion on T1-
weighted images in both the coronal and sagittal planes, which is then normalized according 
to both the maximal width and length of the femoral condyles. Cut-off values were reported 
in this article as being between 200 and 290 mm2. 

6. Results  

No significant differences have been reported in terms of final outcome between the different 
methods of conservative treatment [8]. Over 50% of lesions treated conservatively seem to 
heal within the first year [30], with some authors reporting healing rates of over 90% [31]. 
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The primary goal of treatment is the relief of symptoms [7] with the use of crutches if 
necessary, and by respecting the 1-year period of sports cessation [32]. 

7. Conclusion  

Conservative treatment in patients with JOCD is indicated in patients with:  

- Open physes 
- Classic locations (medial femoral condyle)  
- Limited size of the lesion 
- Fragment still attached to underlying bone (ICRS I or II) 

Sports cessation, eventually accompanied by unloading of the limb (crutches) thereby leading 
to a pain-free life generally leads, within 1 year, to complete healing of the lesion [2,9,18]. 

Prematurely resorting to surgical fixation of the osteochondral fragment, especially in the 
absence of functional signs, must be avoided, even in cases where there is sequestration of 
the osteochondral lesion. In fact, the sequestrated fragment may eventually reincorporate 
underlying bone [3], thereby transforming from an isolated lacunar image to a sequestrum 
that ends up progressively incorporating. 

The primary issue remains the determination of the stability of the lesion. Actual 
classifications based on MRI do not allow for the accurate determination of lesion stability. 
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dĂďůĞ�ϭ͗�<ƌĂŵĞƌ͛Ɛ�DZ/�ƐƚĂŐĞƐ�ϭϳ 

MRI Stages Definition 
I Hypointense T1-weighted signals, irregularly outlined subchondral bone 
II Hypointense T1- and T2-weighted signals, clear delimitation of the lesion 
III Hypointense T1-, moderate hyperintense T2-weighted signals 
IV Hypointense T1-, evident hyperintense T2-weighted signals 
V Loose body within joint 

 

dĂďůĞ�Ϯ͗�'ƵŚů͛Ɛ�ĂƌƚŚƌŽƐĐŽƉŝc stages [18] 

Arthroscopic 
stages 

Definition 

I Irregular and softened cartilage , no visible fragment 
II Breached articular cartilage, non-displaceable fragment 
III Breached articular cartilage, displaceable but still partially attached 

fragment 
IV Loose body within joint 
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Introduction  

The incidence of anterior cruciate ligament (ACL) injury in children older than 10 years of age 
is constantly increasing [1]. 

The management of an isolated ACL rupture in children must necessarily meet 3 objectives: 

- The first is to restore the stability and proper function of the knee in order to lead a 
satisfactory life [2,3]. 

- The second is to reduce the risk of secondary meniscal and cartilaginous lesions in 
order to limit the risk of osteoarthritis [2]. 

- Finally, the risk of growth disorders must imperatively be limited [4,5,6]. 

Conservative treatment partially meets these objectives and is therefore an integral part of 
the available therapeutic arsenal. 

Conservative treatment is actually an entirely separate entity that contains its own strict 
rules. Unfortunately, conservative management is frequently mistaken for lack of treatment. 

Literature on this subject is relative sparse. In 2006, a literature review by Mahtadi et al. [4] 
found only seven studies on this subject, none of which were conducted on skeletally 
immature patients. As a result, the treatment plan suggested in this literature review 
remained vague and unclear. It was not before 2012 that Moksenes et al. [7] published their 
work on the principles of conservative treatment of ACL injuries in children. 

1- Prerequisites: Recapitulation and definitions regarding rehabilitation 

Conservative treatment requires strict cooperation between the patient, the physiotherapist, 
and the surgeon. It is therefore imperative that orthopedic surgeons be well versed in the 
concepts of rehabilitation medicine. 
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Muscle rehabilitation can be undergone in either an open or closed kinetic chain (OKC and 
CKC, respectively), and in either a dynamic (concentric or eccentric) or static (isometric) 
mode.  

Dynamic exercises entail either a shortening of lengthening of the muscle fibers thereby 
provoking segmental movements of the limb: during concentric contraction, the muscle fibers 
shorten; during eccentric contraction, muscle fibers lengthen as the muscle is contracted 
thereby opposing the movement. 

Static or isometric exercises entail muscle contractions against resistance without any 
effective muscular movement. 

During OKC exercises of the lower limb, the foot is generally free and mobile compared to the 
knee. During CKC, the foot pushes against a support (e.g. the floor) and the knee is mobile 
compared to the foot. 

Plyometrics are a group of bodybuilding exercises that focalize on striated skeletal muscle 
tonicity. They typically include certain activities such as sprinting, sudden changes in direction, 
and jumping as high as possible without momentum. 

Isokinetic exercises, from the Greek iso- (ʀʍʉʎ), signifying equal, and kinetic which relates to 
motion, are movements which may or may not be assisted by a machine that produce a 
constant speed. 

2- Description of conservative treatment according to Moksnes et al. [7] 

Following an ACL rupture in children, the state of the meniscus will guide treatment. 

When the ruptured ACL is associated with a meniscal tear that requires surgical management, 
or if the patient complains of significant instability of the knee, then operative treatment 
should be considered. 

When there is no concomitant meniscal injury, then conservative treatment could be 
considered. In such patients, treatment algorithms generally recommend attempting 
conservative until maturity of the growth plate is achieved. 

However, conservative treatment entails a certain number of conditions and requires strict 
cooperation between the patient, the physiotherapist, and the surgeon: 

- Modification or restriction of certain physical activities and sports. 
- A specific rehabilitation program. 
- Custom-made articulated knee brace wear during physical exercise. 
- Routine clinical follow-ups and MRIs. In our practice, an MRI is performed every six 

months along with a multidisciplinary follow-up with a sports physician and a pediatric 
orthopedic surgeon. 
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In patients who fail conservative treatment, surgical management should be considered 
[Fig.1]. Failed functional treatment is defined by the occurrence of a secondary meniscal 
lesion or the persistence of knee instability. In children, post-operative rehabilitation 
programs are generally less invasive than in adults and return to sports should be delayed, 
with recent trends moving towards even more prolonged restrictions of activity [8]. 

After initial urgent management with arthrocentesis, icing, and immobilization (in our 
experience with an adjustable articulated knee brace), the rehabilitation program takes place 
in 4 different phases and must be instated promptly. Each step of the program must be 
validated before proceeding to the next phase. 

Consistent wear of the articulated knee brace is imperative during the entire duration of the 
rehabilitation program. There are no ideal knee braces and we recommend the use of knee 
braces with which the department is most accustomed.  

Phase 1: Preparation and arthrocentesis (approximately six weeks)  

During the acute phase, the primary objectives are: 

- Restoring active and passive knee extension (recurvatum and flexion > 120°) and 
resolving the intraarticular swelling. 

- Reactivating the quadriceps and allowing for active locking of the knee 
- Allowing for controlled double support with partial weight bearing. 
- Obtaining symmetrical gait and sit-to-stand movement patterns. 
- Painless participation in activities of daily living (especially going up and down the 

stairs). 
- Initiating cardiovascular training. 

Means: Pool, Treadmill, BOSU Ball/Balance board, and Stairs. 

 

Phase 2: Muscle reinforcement and strengthening (6 to 12 weeks)  

During the 2nd phase, the primary objective is normalization of activities of daily living: 

- Reinforcing the muscles of the lower limb surrounding the ruptured ACL (Triceps 
surae; Hamstrings; Quadriceps; Gluteus Medius and Maximus) 

- Initiating open kinetic chain exercises from 90 to 45° only. 
- Initiating single support proprioception training on stable surfaces. 
- Highlighting the ligamentous and trunk compensation strategies during single support 

(unipedal squat under the supervision of the therapist) or double-leg jumps. 
- Maintaining cardiovascular conditioning and optimizing core stability. 

Means: Cycling; Visual feedback; Lunges; Bipedal squats; Core strengthening; Targeted 
reinforcement 
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After the completion of these two phases, objective isokinetic and laxity testing may be 
undertaken in order to assess muscle recuperation and knee stability. Nevertheless, these 
tests may be delayed until completion of phase three depending on the practices of the 
department. 

Phase 3: preparation for running (12 weeks to 4 months)  

The primary goals during this phase include running without feeling of instability or intra-
articular swelling, developing single leg hops with proper shock absorption, and avoidance of 
dynamic knee valgus.  

This consists of: 

- Controlled open kinetic chain exercises with full range of motion. 
- Isolated eccentric exercises. 
- Acquisition and optimization of unipedal squatting without utilizing ligamentous or 

trunk compensatory mechanisms. 
- introduction to controlled plyometric exercises, starting with bipedal then unipedal 

stances. 
- Optimization of unipedal proprioception on both stable and unstable surfaces. 

Means: Visual aids; Jumping; Unstable surfaces  

Phase 4: Isokinetic testing and return to running (4 to 5 months) 

x Optimization of muscle weakness through isokinetic testing. 
x Optimization of proprioception. 
x Introduction to controlled lateral hops 
x Return to symmetric and economic running (joint stress)  
x Quantification of applied forces for a gentle and progressive return to running 

Means: Functional exercises; Workout monitoring; Lateral hops 

Preparation for return to sports (5 to 6 months) 

x Multi-directional running with surprise changes in direction 
x Functional exercises closely resembling (or simulating) the act of pivoting  

Means : Specific workouts closely resembling (or simulatinŐͿ�ƚŚĞ�ƉĂƚŝĞŶƚ͛Ɛ�ƉƌĂĐƚŝĐĞĚ�sport 

Functional testing and return to ǁŽƌŬŽƵƚƐ� ƐƉĞĐŝĨŝĐ� ƚŽ� ƉĂƚŝĞŶƚ͛Ɛ� ƉƌĂĐƚŝĐĞĚ� ƐƉŽƌƚ� ;ϲ� ƚŽ� ϵ�
months) 

x Optimization of any lingering deficits as seen on functional tests 
x Introduction to self-training at 6 months 
x Increased workout load 
x Introduction to group workouts at 7½ months 
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Regular MRI follow-ups should be ordered in order to identify any developing meniscal or 
osteochondral lesions. In fact, meniscal lesions on unstable knees are rarely symptomatic [9]. 

There is no consensus on the frequency of MRI follow-ups. We recommend the acquisition of 
an MRI every 6 months. 

Failure of functional treatment is defined as the appearance of meniscal lesions or the 
persistence of knee instability. In case of failure, surgical treatment must be considered. 

3- What can be expected from conservative treatment?  

The literature on this subject is relatively scarce. The first article published dates back to 1995 
by Mizuta et al. [10] in which they argued against conservative treatment. 

It was not before 2013 that Moksnes et al. [11] published their results of a series of isolated 
ACL ruptures treated by conservative treatment. This included a sample of 46 skeletally 
immature children aged 12 years and younger with isolated ACL ruptures diagnosed by MRI.  
These patients were followed-up for a minimum of 2 years after the initial incident. 78% of 
patients did not require surgical treatment; follow-up was carried out at regular intervals with 
clinical testing. However, 20% of these patients developed secondary meniscal lesions. 

In 2018, after a symposium was held by the French Arthroscopy Society (SFA) in Marseille on 
the topic of ACL ruptures in children, Madelaine et al. [12] published the results of a 
multicentric study on the conservative treatment or ACL injuries in children. 53 patients were 
included with a median follow-up of 6.6 years. 21 patients were later operated, resulting in 
37% therapeutic failure. Conservative treatment may also have consequences on the menisci, 
as 15% of patients presented a secondary meniscal lesion, with 1 patient requiring 
meniscectomy.  

Risk factors for the failure of conservative treatment have been investigated with none being 
definitively identified. It would seem that instability in the first few months following the 
incident might be a predictor of therapeutic failure. Contrarily, patients who have yet to begin 
puberty (Tanner 1) seem to be protected. As a result, the onset of puberty seems to be a poor 
prognostic factor.  

Conservative treatment is therefore a separate entity, with an increased risk of secondary 
cartilaginous and meniscal injury. It requires regular follow-ups in order to discontinue 
conservative treatment when the knee is considered to be in danger. 

However, the risk of re-rupture after ACL reconstruction seems to be higher in children than 
in adults, and, according to the SFA symposium study in Marseille [13], ranges between 9% at 
two years and 22% at five years post-operatively. It should be noted that re-ruptures were 
more frequent with shorter tendon grafts. 
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Conclusion  

Conservative treatment and surgery are complementary modalities in the management of 
ACL ruptures in children.  

Conservative treatment should not be considered for all patients and is rather reserved for 
isolated ACL lesions. 

This type of management requires ƚŚĞ�ƉĂƚŝĞŶƚ͛Ɛ�ĐŽŵƉůŝĂŶĐĞ�ĂŶĚ�ĐŽŵƉƌĞŚĞŶƐŝŽŶ͘ 

It would appear that younger patients have better expected outcomes. Management of a 
ƌƵƉƚƵƌĞĚ� ��>� ŝŶ� ĐŚŝůĚƌĞŶ� ŝƐ� ƚŚĞƌĞĨŽƌĞ� ŶĞŝƚŚĞƌ� ͞ĞŶƚŝƌĞůǇ� ƐƵƌŐŝĐĂů͟� ŶŽƌ� ŝƐ� ŝƚ� ͞ĞŶƚŝƌĞůǇ�
conservativĞ͘͟ 

For the most part, conservative treatment meets the requirements for the treatment of ACL 
ruptures in children. If properly undertaken, it can restore the stability and function of the 
knee, with the running risk of secondary damage to the menisci and the articular cartilage. 
Nevertheless, one of the advantages of conservative treatment includes the lack of growth 
disturbances. 

The ideal patient would be Tanner 1, without any meniscal tears, with no instability of the 
knee, and who is capable of adhering to the treatment protocol.  
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Introduction  

During his talk at the 2001 French Society of Orthopedic Surgery & Traumatology (SOFCOT) 
conference on lumbosacral spondylolysis (SL) and spondylolisthesis (SPL) in children and 
adolescents, Jouve [1] reviewed the historic, anatomic and pathogenic bases of this complex 
pathology. In 2015, during another conference on the same topic, a literature review of recent 
developments on the link between this pathology and global spinal sagittal alignment were 
presented, and the significant and still-present controversies relating to the treatment of SPL, 
especially in its severe forms, were highlighted [2]. However, the topic of SL was only briefly 
touched upon. As such, in this chapter, the controversial topic of the hypothetical post-
traumatic type of SPL will be discussed, a type that differs from that of severe progressive SPL 
which is often dysplastic, even though other forms of SPL may be secondary to an initial SL 
ĂŶĚ�ǁŚŝĐŚ�ĂƌĞ�ĚĞĞŵĞĚ�͞ƐƉŽŶĚǇůŽůǇƚŝĐ�ƐƉŽŶĚǇůŽůŝƐƚŚĞƐŝƐ͘͟ 

Definition  

Spondylolysis is a defect of the pars interarticularis of the vertebral arch. This can present as 
either a uni- or bilateral defect, either simultaneously or developing over time. This may also 
be associated with an SPL. Spondylolisthesis signifies translation (olisthesis) of one vertebral 
segment (spondylo) over the one directly beneath it. This translation may be either anterior 
(anterolisthesis) or posterior (retrolisthesis). In children and adolescents, translation is mostly 
anterior.  

The pars lesion is most frequently found at the level of L5 (71-95%), less frequently at the 
level of L4 (5-23%), and exceptionally at other levels [3-5]. 
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Incidence and Pathogenesis  

Similar to SPL, SL is an acquired condition. The most frequently used classification for the 
categorization of SPL based on the severity of anterior translation of the vertebra is that of 
Meyerding. 

During childhood and adolescence, vertebral bone mass is generally low [6] and the posterior 
arches continue maturing until 20-25 years of age [7,8]. The increased elasticity of the 
intervertebral discs during adolescence compounds the stresses placed upon the neural arch, 
and specifically the pars interarticularis. Consequently, the principal etiologies of this 
pathology are often believed to be the traumatic and micro-traumatic events that arise 
secondary to repetitive compressive, torsional, and rotational constraints during certain types 
of sports in which these violent and cyclical movements are required [9,10]. As a result, even 
though the global prevalence of SL in athletes seems similar to that of the general population, 
certain types of sports, such as wrestling (30-35%) and Olympic-style weightlifting (23-30%), 
may lead to a significantly higher prevalence of SL. In fact, SL is fourfold more frequent in 
gymnasts compared to the rest of the female population [11]. 

Clinical presentation 

Athletic children with SL are usually asymptomatic, with incidental discoveries on 
radiographic images being undoubtedly the most frequent presentation. When SL is 
symptomatic, the patient usually presents with band-like or unilateral low-back-pain, which 
may or may not be associated with unilateral, bilateral, or alternating radicular pain. This pain 
is particularly reproduced by hyperextending the lumbar spine. Resumption of sports in spite 
of the pain might lead to a clinical scenario associating paravertebral muscle spasms, a 
flattening of lumbar lordosis, functional scoliosis, hamstring tightness, and rarely L5 
radiculopathy. In such cases, imaging studies must be obtained in order to confirm the 
diagnosis and eliminate differential diagnoses.  

Medical imaging 

The diagnosis of SL can be made on conventional coronal and lateral radiographs of the 
lumbar spine, which may be completed with oblique views, ideal for the visualization of pars 
interarticularis defects. 
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Unilateral L5S1 spondylolysis barely visible on the lateral view (1a), more easily recognizable 
on the oblique view (1b). 

 

Teleradiographic images of the spine on coronal and sagittal views, realized preferentially 
with the EOS® system in order to decrease radiation exposure, would complete the global 
morphological analysis of the spine, especially in the sagittal plane. 

Conventional radiographs, and more commonly CT-scans can reveal the unilateral nature of 
SL, or contralateral sclerosis may sometimes also be identified, which is thought to be 
secondary to excessive mechanical load on the contralateral isthmus. 

 

CT-scans confirming the unilateral character of the isthmic lysis (1c) with contralateral 
sclerosis (1d) 
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Conventional radiographs may appear normal initially. However, the best algorithmic 
approach for diagnostic imaging has yet to be established. Single-photon emission computed 
tomography (SPECT) is an imaging modality with high sensitivity but low specificity for the 
diagnosis of SL. CT-scans might serve useful as a complementary imaging modality for the 
visualization of bony anatomy, sclerosis, and bony healing, but with the inconvenience of high 
radiation exposure. MRI can be a useful diagnostic and follow-up tool with many advantages 
compared to conventional imaging modalities, but more data is required in order to assess its 
potential advantages compared to other techniques. 
 

Therefore, there is actually no consensus regarding the choice of complementary imaging, 
especially between MRI and CT-scans [12]. West et al. [13] conducted a study with the aim of 
determining the precision of MRI and CT-scans in young athletes who had previously been 
diagnosed with SL through the use of SPECT. This cross-sectional study on 22 young athletes 
(14.7 ± 1.5 years old) where both an MRI and a CT-scan were obtained on the same day, 
showed the superiority of CT-scans for the diagnosis of SL. Their results showed 13 true 
positive (TP) and 9 false negative (FN) results for the MRI, compared to 17 TP and 5 FN results 
for the CT-scan. The sensitivity and FN rates of the MRI were 59.1% (95% Confidence Interval 
[95% CI] = 36.7% - 78.5%) and 40.9% (95% CI = 21.5% - 63.3%), respectively. The sensitivity 
and FN rates of the CT-scans were 77.3% (95% CI = 53.2% - 91.3%) and 22.7% (95% IC = 0.09% 
- 45.8%), respectively. 

Treatment 

Initial management usually consists of conservative treatment for a period of several months 
and is generally effective by itself. Surgical management is usually only indicated after failure 
of conservative treatment. 

1. Conservative treatment and the possibility of isthmic consolidation 

Conservative management is the initial treatment modality to be attempted and is generally 
sufficient. However, debate still exists within the framework of conservative treatment on 
whether a simple cessation of physical activity would suffice, or the use of a brace would be 
indicated, with even the choice of type of brace being controversial. Nevertheless, the 
effectiveness of conservative treatment and the non-requirement of immobilization was 
highlighted by a meta-analysis conducted by Klein et al. [14]. The primary goal of their study 
was to identify and summarize the evidence found in the literature on the effectiveness of 
conservative treatment in SL, including subjects with grade 1 SPL. The minimum follow-up 
period was that of one year. The results of the included studies were presented following two 
criteria: clinical outcome or radiographic evidence of consolidation of SL. Fifteen 
observational studies measuring the clinical outcomes were included, which showed 
weighted and pooled success rates of 83.9% in 665 patients. Subgroup analysis comparing the 
clinical outcomes of patients treated with or without immobilization did not show significant 
differences. Ten studies assessing radiographic healing of SL showed a pooled success rate of 
28% (n=847). Subgroup analysis showed that unilateral defects healed with a pooled and 
weighted rate of 71% (n=92), which was significantly higher than bilateral defects with healing 
rates of 18.1% (n=446, p<0.001). A supplementary subgroup analysis showed that acute 
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defects healed at a rate of 68.1% (n=236), which was a significantly higher rate than chronic 
defects with healing rates of 28.3% (n=224, p<0.001). This meta-analysis of observational 
studies suggested that clinical results may not correlate well with radiographic evidence of 
pars defect consolidation . Acute lesions seemed to be more amenable to healing after 
conservative treatment, as were unilateral defects when compared to bilateral SL. 

These conclusions should still be contemplated. It should also be noted that symptomatic 
patients may be treated more effectively, and sometimes even more quickly, if cessation of 
physical activity is associated with immobilization with a lumbar support or a short lumbar 
brace, such as the delordosing spondylogenic Boston brace [15].  

The idea of a persistent pars defect, even after clinical improvement, remains widespread.  
Nonetheless, bony healing and consolidation of the isthmic lysis are possible even without 
surgery. As such, Sakai et al. [16] recently showed that, depending on the acute or chronic 
nature of the lesion (analysis by coupling CT-scans and MRI), as well as its uni- or bilateral 
character, significant and rapid healing may be achieved. For most patients, with the 
exception of those presenting with chronic isthmic lysis, conservative treatment comprised 
of rest and the wear of a thoraco-lumbo-sacral orthosis (TLSO).  

2. Failure of conservative treatment: choosing from the types of surgery  

Isthmic reconstruction may be indicated in patients with SL without concomitant SPL or with 
only mild translation (grade 1, rarely grade 2). These generally include patients without 
predictors of severe disease, such as lumbosacral kyphosis. No neurological deficits are 
usually found, and surgery may be justified after conservative treatment has been attempted 
for a period of at least twelve months (cessation of physical activity, physiotherapy, lumbar 
support) without evidence of complete or even partial symptomatic improvement. The 
absence of anomalies at the level of the intervertebral discs confirmed by MRI is required  
during pre-operative planning. Otherwise, arthrodesis may be indicated. Isthmic 
reconstruction is more frequently attempted in patients who are at the end of their growth. 
This surgical approach preserves the mobility of the spine. The most frequent complication is 
non-union. An adapted construct is required in order to achieve isthmic healing in 
compression without bulky osteosynthesis, especially at the level of the subjacent articular 
mass. 

Numerous isthmic reconstruction techniques have been described. Of note, the cerclage wire 
around the transverse and spinous processes technique of Nicol, temporary butterfly plate of 
>ŽƵŝƐ͕�ĂŶĚ��ƵĐŬ͛Ɛ�ƚĞĐŚŶŝƋƵĞ�ŽĨ�ĚŝƌĞĐƚ�ĨŝǆĂƚŝŽŶ�ŽĨ�ƚŚĞ�ŝƐƚŚŵŝĐ�ůǇƐŝƐ͘�dŽ�ƚŚŝƐ�ĞŶĚ͕��ŽĚŵĂŶ�Ğƚ�Ăů͘�
[17] ĂŶĂůǇǌĞĚ�ƚŚĞ�ĐůŝŶŝĐĂů�ĂŶĚ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ƌĞƐƵůƚƐ�ŽĨ��ƵĐŬ͛Ɛ�ŵŽĚŝĨŝĞĚ�ĨŝǆĂƚŝŽŶ�ƚĞĐŚŶŝƋƵĞ͕� ŝŶ�
patients with symptomatic SL, with grade 1 SPL and normal L4-L5 and L5-S1 intervertebral 
discs, after failure of conservative treatment. Functional outcomes were quantified through 
the use of the Oswestry disability index (ODI). Healing of the pars defect was evaluated by 
conventional radiographs and CT-scanning. The motion of the L4-L5 and L5-S1 segments was 
measured on dynamic flexion/extension radiographs. In thirty-five patients with a mean 
follow-up of ten years, the authors reported excellent functional results in 22 patients and 
good results in 8 patients, with 5 patients in whom treatment had failed. Consolidation of the 
defect was found in 91.4% of patients. Other techniques may also be considered and may 
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ĞŶƚĂŝů�ĨŝǆĂƚŝŽŶ�ŽĨ�ƚŚĞ�ƉĞĚŝĐůĞƐ�ĂŶĚ�ůĂŵŝŶĂĞ͕�ƐƵĐŚ�ĂƐ�DŽƌƐĐŚĞƌ͛Ɛ�ĂƉƉƌŽĂĐŚ͘�^ŽŵĞ�ĂƵƚŚŽƌƐ�ŚĂǀĞ�
observed correction of the olisthesis in patients in whom isthmic reconstruction was 
undertaken during the early stages of the disease. Hefti et al. [18] and Preyssas [19] noted 
that, in two and six cases respectively, complete healing of a grade 2 SPL was achieved by the 
end of growth after isthmic reconstruction was undertaken. Nevertheless, this endpoint does 
not represent the purpose behind isthmic reconstruction. 

Are there any recommendations from sports federations? 

No specific recommendations have been put forth on this subject. After interviewing different 
national sports federations along with their medical staff, certain responses were obtained, 
such as: In the case of rugby, no specific indications exist for SL or SPL. Temporary contra-
indications in relevance to injuries of the spine are transient neurological deficits of 1 to 4 
limbs in the absence of exploration (MRI) and specialized opinion, non-operated herniated 
discs, and lumbar spinal stenosis. Definitive contra-indications are motor deficits due to injury 
to the spinal cord, confirmed tetra-pyramidal syndrome, three or more episodes of transitory 
tetra-paresis, severe cervical ligamentous sprains, spinal stenosis without safety margins on 
MRI, odontoid agenesis or hypoplasia, congenital or surgical fusion of 3 or more levels, intra-
medullary edema, a true syrinx, and Arnold-Chiari-type malformations of the cervico-occipital 
junction with occupation of the cisterna magna. 

For the French swimming federation (FFN; swimming, diving, water-polo), the French 
federation for the education of underwater sports (FFESSM; Scuba diving), the French football 
(soccer) federation (FFF), and the French judo and jiu-jitsu federations, there are no specific 
indications. Physicians are thereby required to formulate temporary and absolute contra-
indications depending on the patient. 

In the case of boxing, the only absolute contra-indications found for spinal pathologies were 
reserved for herniated discs, without more detail being provided. 

In the case of motocross, absolute contra-indications included non-consolidated affections 
that may jeopardize the stability of the spine. This definition remains ambiguous. 

For the remainder of sporting activities, especially volleyball, handball, gymnastics, Olympic-
style weightlifting, and athletics, absolute contra-indications are noted as being any severe 
static and/or dynamic morphological affections, particularly at the level of the thoraco-
lumbar spine, running the risk of acute injury or accelerated degeneration. The indications 
here are also ambiguous. 

In summary, there appear to be no clear recommendations by the different sports 
federations, who would rather leave the decision on the temporary or absolute contra-
indications to the physicians. Since sporting federations have not provided recommendations, 
referring to different scientific societies may be a viable option in the future. 
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Conclusion  

The initial step in athletic children and adolescents presenting with low-back-pain should be 
to assess the presence or absence of SL. This approach may prove difficult, as pars 
interarticularis defects are frequently encountered in the general population, including in 
children. Imaging should therefore be utilized, with no evidence as to the modality of choice. 
MRI could be prescribed during the diagnostic workup of acute SL, and CT-scans may rather 
be useful in evaluating healing of the pars defect after conservative treatment. It would 
appear that bracing may not be necessary but may sometimes be a complementary means of 
limiting movement in order to further restrict activity in impatient children and parents, but 
also their coaches. In fact, the treatment of current or future athletes with SL and/or SPL may 
ďĞ�ĚŝĨĨŝĐƵůƚ͘��ĞĨŽƌĞ�ĚĞĐŝĚŝŶŐ�ŽŶ�ƐƵƌŐĞƌǇ͕�ŽŶĞ�ŵƵƐƚ�ďĞ�ǁĂƌǇ�ŽĨ�ĂŶǇ�ƉƌĞƐƐƵƌĞ�ďǇ�ƚŚĞ�ƉĂƚŝĞŶƚ͛Ɛ�
family or environment toward the rapid return to competition. Such pressures may lead to 
harm if a decision to operate has been made, and these motivations must necessarily be taken 
into account. After the failure of a well-conducted conservative treatment for an arbitrarily 
set period of one year, surgery may be indicated, although this may be only rarely necessary. 
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Introduction  

The estimated prevalence of spondylolysis in the general population, which may or may not 
be associated with spondylolisthesis, is approximately 5%. It is more frequently found in 
young athletes and up to 20 to 30% in certain high-intensity sports. 

Patients are infrequently symptomatic in these patients and the incidental diagnosis on 
conventional radiographs is rather the norm. It is therefore considered as a compensatory 
mechanism allowing for the maintenance of a satisfactory sagittal alignment. Nevertheless, 
the diagnosis of spondylolysis or spondylolisthesis requires frequent follow-ups and certain 
preventive measures must be adopted in order to avoid deterioration. 

In general, 80% of children presenting with isthmic lyses are symptomatic, and over 80% of 
these children are relieved by medical management alone [1,4,5]. Conservative management 
and physiotherapy may ensure the stabilization of the lesion and pain relief. 

The clinical semiology of isthmic lysis is typical and reproduceable and allows to make the 
diagnosis: It is characterized by lumbosacral pain, on either the right or left side, rarely 
bilateral initially, which is aggravated on exertion, improved with rest, and which may appear 
either acutely or progressively over weeks. Upon resumption of physical activity, there is 
typically recurrence of the pain at increasingly lower levels of exertion. 

Two factors are generally present: one predisposing factor (such as a sagittal alignment 
favoring lumbosacral hyperextension), and repetitive spinal microtrauma during growth.  

 

Figure 1: isthmic lysis 
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1-Definitions 
Spondylolysis: A defect at the level of the interarticular isthmus (pars interarticularis) without 
displacement of the vertebra. The isthmus may be drawn out, thinned or condensed, brittle, 
or broken off, but may also consist of fibrous tissue or progress into pseudarthrosis.  

 

Figure 2: non-union 

This bony defect is most frequently found at the level of L5. As a result, the sole elements 
supporting L5 over the sacrum and preventing its translation are the lumbo-sacral 
intervertebral disk (L5-S1), the paraspinal muscles that are found in a permanently contracted 
state and are at the origin of pain, the joint capsules, and the ligaments. Spondylolysis may 
be rarely encountered at L4 or L3.   

Spondylolisthesis: A bilateral isthmic defect may be accompanied by slippage of L5 over S1. 
This translation may be measured in percentage or a grade may be attributed depending on 
the degree of translation relative to the width of the sacral plate, or according to the 
Meyerding classification by dividing the sacral base into 4 parts: Grade 1 is slippage within the 
1st quartile, grade 2 within the 2nd quartile, until stage 4. When the vertebra is no longer in 
contact with the sacrum, it is known as spondyloptosis [2].  

 

Figure 3: Stage 1 spondylolisthesis over bilateral isthmic lysis 
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2- Clinical diagnosis in the young athlete 

- Medical history: The diagnosis may be incidental. In fact, isthmic lysis, which may be bilateral 
and associated with spondylolisthesis, may take place during growth and non-athletic 
children may even be pain-free. It is thought to be a compensatory mechanism secondary to 
fragility of the isthmic region and to the vertical posture which places mechanical strain on 
this region. As a result, not all patients with spondylolisthesis or spondylolysis are 
symptomatic. No relationships have been found between severity of the slippage (as visible 
on radiographs) and functional impact: anatomical and clinical dissociation is one of the 
characteristics of spondylolisthesis. The diagnosis may also be evoked during painful 
episodes. Acute low-back-pain is usually secondary to a uni- or bilateral isthmic fracture. 
Consequently, this fracture is believed to occur as a result of indirect trauma, movements of 
hyperextension (e.g. gymnastics), or sudden load (e.g. rugby, basketball). 

Pain secondary to isthmic lysis or spondylolisthesis has certain characteristics:  

- Localized at the lumbo-sacral region and lateralized to one side 
- Activated by extension of the spine 
- Relieved by rest, especially in the fetal position 
- May sometimes irradiate to the gluteal region 
- Awakened by physical activity at increasingly earlier phases of a workout usually 

requiring the child to stop the activity 
- After a prolonged period of cessation (at least 15 days), pain reappears after 

resumption of physical exercise 

The assessment of sagittal alignment is primordial and may be done with a plumb line 
allowing for the assessment of the sagittal curves. 

Upon palpation of the L5 spinous process, pain may be elicited. Pelvic retroversion can often 
be found with reactionary distal hyperlordosis and lumbosacral kyphosis. Plumb line 
assessment may highlight any anterior sagittal imbalance.  

Dynamic examination is also important, where the patient is asked to perform flexion and 
extension of the spine: back pain and stiffness are usually evident especially during painful 
episodes. Harmony of the curves must be noted: in flexion, the disappearance of the lordosis 
or its maintenance, in extension the capacity to realize extension of the thoraco-lumbar 
region or the existence of a break in the lumbo-sacral region (figure 5). Extension of the hip 
and spine are evaluated in the prone position by passively raising the straightened lower 
limbs: the presence of pain and the flexibility extension must be noted.  
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Figure 4: appropriate thoraco-lumbar extension  

 

Figure 5: distal thoracic hyperkyphosis with disruption of the harmonious lumbo-sacral 
alignment 

Hamstrings tightness may be identified on physical exam and, in case of advanced 
spondylolisthesis, pelvic retroversion, lumbar hyperlordosis, lumbosacral kyphosis, hip and 
knee flexion contracture, and tightness of the triceps surae may also be found.  

  

Figure 6: extension test in prone position 
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3- Radiographic diagnosis  

Spondylolisthesis may be diagnosed on conventional radiographs. With the use of the EOS® 
system, radiation doses may be decreased while maintaining excellent image quality. Based 
on this imgaging modality, the sagittal profile may be classified into one of 4 different types 
of backs, as per the Roussouly classification [9]. 

  

Figure 7: Roussouly classification 

However, isthmic lysis without spondylolisthesis may not always be diagnosed on 
conventional radiographs. In young athletes, early diagnosis is imperative, and MRI or 
scintigraphy are more frequently resorted to. CT-scans are generally avoided due to the high 
doses of radiation but may lead to the diagnosis of isthmic lysis in certain patients in whom 
the diagnosis is uncertain.  

 

Figure 11: intervertebral disc disease above and below the level of spondylolisthesis 

Figure 10: isthmic lysis as seen on scintigraphy 

The angle of lumbosacral kyphosis or slip angle is most frequently measured using the Louis 
method and is defined as the angle between the tangent to the posterior edge of S1 and the 
superior plateau of L5. If this angle falls below 90°, the sacrum is considered vertical, and if 
the lumbosacral kyphosis is superior to 100°, the sacrum is considered horizontal [3]. 
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Figure 8: vertical sacrum 

Figure 9: horizontal sacrum 

While assessing the sagittal alignment, pelvic incidence (as described by Duval-Beaupère) and 
the position of the sacrum are essential for the interpretation of lumbo-scaral sagittal 
imbalance [8,10].  

4-Risk factors 

The configuration of the sagittal curves of the spine plays an important role in spinal 
pathology. In fact, both high and low pelvic incidence may increase strain on the isthmus by 
increasing traction or slippage forces anteriorly, or by increasing the shear forces exerted by 
the L4 articular processes over the L5 isthmus, respectively. Similarly, the abnormal or 
repetitive shear or compressive forces which are imposed on the spine could have similar 
consequences: the incidence of spondylolysis increases notably in practitioners of certain 
types of sports (diving, Olympic-style weightlifting, wrestling, gymnastics, etc.).  

Most frequently, the pars defect does not consolidate. This may be simply be an adaptation 
of the spine to situations where, among others, spinal balance is dictated by the pelvic 
incidence. During growth, progressive anterior displacement of the vertebra may take place. 
After skeletal maturity, progressive slippage is rare and may be due to secondary 
degeneration of the intervertebral disc. 

When spondylolysis occurs in the context of low pelvic incidence, secondary dysplasia takes 
place: the L5 vertebra takes a cuneiform shape and dysplasia of the dome of S1 is observed. 
When pelvic incidence is higher, dysplasia and displacement are often less significant. 
Thereby, 3 primary risk factors may be determined: 

- Familial: probably genetic, linked to isthmic fragility 
- Postural: Global hyperlordosis (Roussouly type 4) or short lumbosacral hyperlordosis 

(Roussouly type 1) 
- Repetitive microtrauma 

Two ulterior factors may also be found: On the one hand, anomalies of the lumbosacral 
junction with partial lumbarization of S1 which could lead to instability of L5 over S1. On the 
other hand, sacralization of L5 would increase strain at the level of L4,  especially if there is 
highly localized extension at the same level.  

A final intervening factor: the growth element. Isthmic lysis with a fragilized vertebral growth 
plate arising around the time of puberty may rapidly progress if the physeal lesion reaches 
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the superior endplate of S1. The Example of a high-level gymnast who presented with isthmic 
lysis in 2007 with progressive erosions of the anterior edge of the S1 endplate is presented in 
figures 12 to 15. 

 

 Figure 12 to 15: progression of the isthmic lysis between 2004 and 2011 

 

5- Conservative treatment 

It is crucial to underline the fact that the majority of patients respond well to functional or  
orthopedic treatment and do not require surgical management [1,4,5]. 

5.1 Rehabilitation 

Our experience with gymnasts of the French Pole of St Etienne, a population in whom isthmic 
lysis and spondylolisthesis are frequently found, allows us to better define the objectives of 
rehabilitation in these patients. 

Said objective is generally to maintain an adapted level of physical activity with little strain on 
the lumbosacral junction while avoiding hyperextension of the spine.  

The basis of rehabilitation relies on the core conditioning of the lumbar region and stretching 
the hip and thigh muscles. Core conditioning consists of exercises that maintain isometric 
contraction (i.e. without modifying the length of the muscle fibers) of multiple agonistic and 
antagonistic muscle groups simultaneously thereby locking many different joints. The patient 
must remain immobile in a fixed position for a certain amount of time. The muscles reinforced 
during these exercises are specifically the deep and postural muscles (vertebral and para-
ǀĞƌƚĞďƌĂů͕�ĂďĚŽŵŝŶĂů͕�ŐůƵƚĞĂů͕�ŚĂŵƐƚƌŝŶŐƐ͕�ĞƚĐ͙Ϳ͘ 
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Figure 16: abdominal muscle conditioning 

Figure 17: Paravertebral muscle reinforcement 

Stretching exercises should concentrate on hip and thigh muscles, particularly the hamstrings, 
as well as the anterior chain, psoas, and quadriceps. These exercises can be undertaken with 
the help of a physiotherapist as muscle energy techniques, or by maintaining certain postures 
for a certain amount of time, such as the Mézière method for global stretching of the 
posterior chain.  

 

Obtaining a harmonious relationship between the sagittal curves is imperative. As a result, 
ƌĞŚĂďŝůŝƚĂƚŝŽŶ� ŵƵƐƚ� ƚĂŬĞ� ŝŶƚŽ� ĂĐĐŽƵŶƚ� ƚŚĞ� ĐŚŝůĚ͛Ɛ type of back: 
/Ŷ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ� Ă� ŐůŽďĂů� ŚǇƉĞƌůŽƌĚŽƐŝƐ�ǁŝƚŚ� Ă� ƚǇƉĞ�ϰ� ďĂĐŬ� ;ZŽƵƐƐŽƵůǇ͛Ɛ� ĐůĂƐƐŝĨŝĐĂƚŝŽŶͿ͕� ƚŚĞ�
objective is to reduce both lordosis and kyphosis through core strengthening, pelvic 
retroversion, active spinal elongation , and global postural rehabilitation. The Mézière 
techniques involving certain postures which stretch the posterior chain are particularly useful.  

 

 

Figure 18: stretching of the posterior chain and reinforcement of paravertebral muscles 
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In situations where the lumbar spine is hyperlordotic over a short segment with underlying 
thoracolumbar kyphosis and a flat back (Roussouly type 1), the objective is to harmonize the 
lordosis in order to further extend it proximally into the thoracolumbar region and to lock the 
lumbosacral junction. Reinforcement of the paravertebral muscles in the thoracolumbar 
region is thus indicated. In high-level young athletes, rehabilitation must take place in 
collaboration with the trainer. Modification of body movement during physical activity is 
indispensable along with the active locking the lumbosacral region. Eccentric reinforcement 
of the abdominals in order to better control lumbar extension has been developed specifically 
for gymnasts along with an increase in flexibility of the shoulders in order to decrease strain 
on the lumbosacral region during the bridge maneuver. 

 

 

Figure 19: Stretching of the thoracolumbar region 

 

Figure 20: Gain in extension of the thoracolumbar spine while protecting the lumbosacral 
region 

 

Figure 21: Gain in shoulder extension 
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Figure 22: isokinetic exercises  

Isokinetic exercises may be justified for high-level athletes while privileging eccentric 
reinforcement (especially abdominals for their role of limiting lumbar hyperextension). 

 

5-2 Orthopedic management  

Patients who have recently been diagnosed with symptomatic spondylolysis, with or without 
associated spondylolisthesis, benefit from orthopedic treatment. 

dŚĞ�ŽďũĞĐƚŝǀĞƐ� ĂƌĞ� ƚŽ�ƋƵŝĐŬůǇ� ƌĞůŝĞǀĞ� ƚŚĞ�ƉĂƚŝĞŶƚ͛Ɛ�ƉĂŝŶ͕�ŵŽĚŝĨǇ�ŵĂůĂĚĂƉƚĞĚ�ƉŽƐƚƵƌĞƐ͕� ĂŶĚ�
finally to ensure continued rehabilitation, which should initially be undergone while wearing 
a brace. 

Three possible orthopedic treatment modalities have been described: 

- Initial cast immobilization in order to achieve consolidation of the isthmic lysis. This is 
generally undertaken for a period of 3 months. 

- A brace with unilateral femoral support for the limitation of motion at the lumbosacral 
region. This brace should be worn for 23 hours a day for a period of 3 months with the 
objective of obtaining consolidation. 

- Generally, consolidation is not achievable and relative immobilization with a bivalve 
polyethylene brace may suffice. Time of brace wear is reduced to approximately 8 
hours a day for a period of 3 months. Weaning must be done progressively, and the 
brace must be worn for a period of 1 to 2 hours after physical exercise. 
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Figure 23: Brace with unilateral femoral support. 

  

Figure 24 and 25: bivalve brace with maintenance of a certain degree of lordosis 

No matter the type of brace chosen, the following principles must be observed (figure 25): 

 

- No excessive decrease in lumbar lordosis: The lumbosacral junction must be 
immobilized in a position that best reproduces the parallel positions of the surfaces of 
the superior plateau of S1 and inferior endplate of L5. The pelvis should not be 
retroverted during the application and molding of the cast. 

- Placement of pressure points at the sub-umbilical and pelvic levels are indispensable 
for the repositioning of L5 over the sacrum. 

- If the patient presents with a high pelvic incidence (Roussouly type 4), lumbar lordosis 
must be respected but decreased with abdominal and sacral pressure points. The 
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latter must not be situated too distally over the sacrum in order to avoid overly 
retroverting the pelvis. 

- If the patient presents with low pelvic incidence (Roussouly type 1), lordosis at the 
level of the thoracolumbar junction must be extended and slightly reduced at the 
lumbosacral region with a more proximal placed pressure point with the sacrum. 
Another pressure point must be placed between the breasts in order to allow for 
proper thoracolumbar extension.  

- Anterior imbalance, which favorizes pelvic retroversion and lumbosacral kyphosis, 
must be avoided. 

- During molding of the cast, the pressure points must to place the patient in an antalgic 
position. As a result, it is preferable to mold the cast using either plaster of Paris or 
fiberglass and in the standing position rather than utilizing 3D computer-aided design 
and manufacturing (CAD/CAM), which does not allow for the proper placement of 
pressure points in order to obtain an antalgic position. 

- Rehabilitation while wearing a brace is indispensable. During the casting phase or 
while wearing the femoral brace, muscle mass must be maintenance with stretching 
exercises and static contractions of the paravertebral and abdominal muscles. While 
wearing the bivalve polyethylene brace, core conditioning is intensified during brace 
wear with progressive reconditioning to physical activity.  

- Carbon braces with anterior windows should be avoided since they do not allow for 
sub-umbilical support. 

Indications: 

- In symptomatic patients in whom the acute nature of the lesion is confirmed via 
scintigraphy or MRI, consolidation of the pars defect may be attempted as long as 
pelvic biomechanical characteristics remain favorable; a very high pelvic incidence 
(>70°) would lead to extremely high shearing forces and may lead to non-union. 

- If the patient presents with an unstable spine along with daily pain with minimal 
changes in position, femoral support may be indicated for a period of 1 to 3 months. 
Relay with a bivalve brace may then be authorized. 

- In all other cases, a bivalve brace according to the previously cited principles is 
indicated. 

Clinical and radiographic follow-up at 6-month intervals is indicated. In patients with a 
recurrence of symptoms, the bracing period is prolonged until complete relief of pain is 
achieved. The brace may sometimes even be required for a period of 6 months to 2 years. 

CONCLUSION  

Conservative management of isthmic lysis and spondylolisthesis in children and adolescents 
is the standard treatment modality. It comprises of rehabilitative and orthopedic 
management and is indicated in either symptomatic patients or those presenting with 
progressive exacerbation of spondylolisthesis during growth. 

The objectives of management are to achieve quick pain relief along with adaptation of 
inappropriate postures which could have been, in part, the source of the isthmic lysis. 
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Rehabilitation is initiated while wearing a brace. Generally, physical activity is contra-
indicated for a period of 3 months, which may be shortened if the patient is managed at a 
high-level rehabilitation center with daily therapy sessions. Physical activity is then reinstated 
while maintaining brace-wear after physical activity. Surveillance during the entire period of 
growth is essential. Reestablishing an appropriate sagittal alignment and developing 
lumbosacral locking reflexes during physical exercise maximize the chances of a successful 
outcome after conservative management. 
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Physical conditioning for the prevention of 
overuse injuries in children. 
Hays Arnaud 

Institute of Movement Sciences,  
Aix Marseille University 

 

Tim Grover, the legendary physical trainer (Michael Jordan, Scottie Pippen, Charles Barkley, 
and Shaun Livingston, among others) has declared: 

͞,ƵŶĚƌĞĚƐ� ŽĨ� ŐĂŵĞƐ͕� ƚŚŽƵƐĂŶĚƐ� ŽĨ� ŚŽƵƌƐ͕� ƐŝŶĐĞ� ƚŚĞǇ� ǁĞƌĞ� ŽůĚ� ĞŶŽƵŐŚ� ƚŽ� ƉŝĐŬ� ƵƉ� Ă� ďĂůů͘�
Peewee. Youth leagues. Summer camps. Travel teams. AAU. High school. College. A relentless 
schedule of games, practice, travel, and training, sometimes for multiple teams and leagues, 
with multiple trainers and programs. No time for rest or recovery. No time to play or train for 
other sports. End result: The same muscles, ligaments, tendons, and joints are used over and 
over again, in the same direction, the same angles, the same motions. What piece of 
ŵĂĐŚŝŶĞƌǇ�ĚŽĞƐŶ͛ƚ�ĞǀĞŶƚƵĂůůǇ�ŐŝǀĞ�ŽƵƚ�ĨƌŽŵ�ƌĞƉĞĂƚĞĚ�ƵƐĞ�ŽǀĞƌ�ŵĂŶǇ�ǇĞĂƌƐ͍͟ 

This requires deep reflection in an age when, on a daily basis, dozens of new workout 
programs are conceived for increasingly younger populations. However, children are meant 
to be active, play, use their entire bodies, and not continuously work on the same aspects 
time and time again. 

͞�ǀĞƌǇŽŶĞ�ǁĂŶƚƐ�ƚŽ�ŐŽ�ĨĂƐƚ�ĂŶĚ�ŚĂƌĚ͕�ďƵƚ�ǁŝƚŚŽƵƚ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ĚĞĐĞlerate, what happens? 
Eventually you crash. Any racecar driver can go at top speed, but elite drivers know when to 
speed up, when to slow down, when to stop. Explosiveness without the ability to decelerate 
ǁŝůů�ĂůŵŽƐƚ�ĂůǁĂǇƐ�ƌĞƐƵůƚ�ŝŶ�ŝŶũƵƌǇ͘�dŽ�ŵĞ͕�ŝƚ͛Ɛ�Žne of the most critical elements of effective 
ƚƌĂŝŶŝŶŐ͘��Ƶƚ�ŚŽǁ�ŵĂŶǇ�ĂƚŚůĞƚĞƐ�ǁĂŶƚ�ƚŽ�ůĞĂƌŶ�ƚŽ�ƐůŽǁ�ĚŽǁŶ�ĂŶĚ�ƐƚŽƉ͍�/ƚ͛Ɛ�ŶŽƚ�ƐĞǆǇ͘��Ƶƚ�ŝƚ͛Ɛ�
ĞƐƐĞŶƚŝĂů͘͟ 

In an interview in 2013, Tim Grover summarized what researchers were able to later conclude 
between 2015 ĂŶĚ�ϮϬϭϵ͘��Ɛ�dŝŵ�'ĂďďĞƚ�ŶŽƚĞĚ�ϭ͗�͞ƚŚĞ�ƉƌŽďůĞŵ�ŝƐ�ŶŽƚ�ǁŝƚŚ�ƚƌĂŝŶŝŶŐ�ƉĞƌ�ƐĞ͕�
ďƵƚ�ŵŽƌĞ�ůŝŬĞůǇ�ƚŚĞ�ŝŶĂƉƉƌŽƉƌŝĂƚĞ�ƚƌĂŝŶŝŶŐ�ƚŚĂƚ�ŝƐ�ďĞŝŶŐ�ƉƌĞƐĐƌŝďĞĚ͘͟� 

�Ɛ�ŶŽƚĞĚ�ďǇ��ƵŶĐĂŶ�ŝŶ�ϮϬϭϵ�Ϯ͗�͞tŝƚŚ�ƚŚĞ�ĞŵĞƌŐĞŶĐĞ�ŽĨ�ƚĞĐŚŶŽůŽŐǇ�ĂŶĚ�ĚǁŝŶĚůŝŶŐ�ƉŚǇƐŝĐĂů�
education in schools, there is a severe lack of fundamental movement skills (FMS) among 
today's youth. Meanwhile, participation in sports is rising and many young people are not 
prepared to handle the sport-specific workload they experience; leading to suboptimal 
performance ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ƌŝƐŬ�ŽĨ�ŝŶũƵƌǇ͘͟ 

͞tŚĞŶ�ǇŽƵƚŚ�ĂŶĚ�ĂĚŽůĞƐĐĞŶƚ�ĂƚŚůĞƚĞƐ�ĚŽ�ĞŶŐĂŐĞ�ŝŶ�ƚƌĂŝŶŝŶŐ͕�ŝƚ�ŝƐ�ŝŵƉĞƌĂƚŝǀĞ�ƚŚĂƚ�ƚŚĞǇ�ĂƌĞ�ŶŽƚ�
treated as mini-adults and given overly advanced programs. Rather than specializing at a 
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young age, there should be a system in place to establish a well-rounded base that serves as 
the framework for the development of new and future motor skills. As the athlete matures, 
their adaptive capabilities and tolerance to training loads will be dependent on this. Thus, 
early sampling or diversification is recommended over early specialization and has been 
ƐŚŽǁŶ� ƚŽ� ĐŽƌƌĞůĂƚĞ� ǁŝƚŚ� ůĞƐƐ� ƉƐǇĐŚŽůŽŐŝĐĂů� ͞ďƵƌŶ-ŽƵƚ͕͟� ĨĞǁĞƌ� ŝŶũƵƌŝĞƐ͕� ĂŶĚ� ŐƌĞĂƚĞƌ� ĨƵƚƵƌĞ�
ƉĞƌĨŽƌŵĂŶĐĞ�ϯ͘͟ 
 

In fact, physical development precedes cognitive development in the adolescent population. 
Physical development is most prominent from early to mid-adolescence, whereas cognitive 
development, which includes structural changes at the level of the brain and cognition, 
continues maturing until the end of the third decade. Physical and cognitive changes of 
puberty and the rate with which these changes occur might ultimately lead to a temporary 
increase in the risk of injury and may even lead to overtraining syndrome in adolescents [4]. 

The risks of injury and overuse increase proportionateůǇ�ǁŝƚŚ�ƚŚĞ�ĚĞŐƌĞĞ�ŽĨ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ƐƉŽƌƚ�
specialization and not with the training load [5,6]. In fact, there is a higher risk of serious injury 
due to overuse in athletes who spend twice as much time participating in organized sports 
compared to those partaking in recreational play, even though both exert the same overall 
load (7). 

In order to conclude the concept of training load, the primary factor in overuse injuries, it was 
previously shown that an optimal load exists that allows a decrease in the risk of injury 
through a progressive phase of adaptation taking into account the acute and global loads in 
a systematic fashion [1,8]. This is achieved with a predominance of circuit exercises, thereby 
avoiding monotony, coupled with regular unwinding periods [9]. The risk factor could be 
modelized with the following formula : 

Risk factor =  

௩ܸ௨ �ൈܫ�௧௦௧௬
ܴܲ௬௦�ோ௨௧

�ൈ�
ெ௧௬�௧ܨܯ ൈ�ܵܨௌ௭௧�௧ �ൈ� ܻ௦��௦௭௧ �ൈܧ�ௗௗ��௦௨௧

௧௩�௨௧ܴܥ ൈ ܴܲ௦௬�௨௧ ൈ ௬�௧ܨܲ ൈ �௧்ܨܶ ൈ ௧௬�௧ܨܥ
 

 

Moreover, aside from training load, the contents of training and particularly of physical 
conditioning play a predominant role in avoiding injuries [10,11]. Thus, physical preparation 
in children, as was underlined by Tim Grover, must not be tied solely on improving 
performance. In fact, power and speed are especially linked to the physiological age of the 
young athlete [12]. Therefore, it is fundamental to develop neuromuscular prophylactic 
measures combining both global postural and intermuscular coordination exercises [14] with 
an adapted load, all the while teaching the importance of rest [13]. Complex and varied 
motricity programs must be integrated in order to enrich neuromotor programs and 
neuromuscular qualities in a well-proportioned manner [2]. Fine and adaptable motor 
coordination, which indicate adaptable movements, allow the prevention of injuries and 
optimal performance in athletic children [15]. 
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Knee trauma is very frequent in children. Hemarthrosis is a sign of severity and is found in up 
to 18% of patients presenting with knee trauma [1]. When hemarthrosis is encountered, three 
main types of lesions should be suspected: 

1- Ligamentous injuries (1/3 of cases) 
2- Meniscal injuries (1/3 of cases) 
3- Femoropatellar lesions (1/3 of cases) 

This chapter will focus on ligamentous injuries of the knee and their surgical treatment. 

 

Particularities of the ligaments of the knee in children: 

The ligaments in children are more elastic in their younger years. Since the growth plate 
presents a lower resistance than the ligaments in young children, epiphysial separations 
and/or apophyseal avulsions are more frequently encountered. In preadolescents and 
adolescents, ligaments are less elastic, and the resistance of the cartilage becomes superior 
ƚŽ�ƚŚĂƚ�ŽĨ�ƚŚĞ�ůŝŐĂŵĞŶƚ͘��ĐĐŽƌĚŝŶŐ�ƚŽ�zŽƵŶŐ͛Ɛ�ƉƌŝŶĐŝƉůĞ�ŽĨ�ĞůĂƐƚŝĐŝƚǇ͕ the higher the stretching 
forces, the greater the elastic deformity of the ligament, until reaching plastic deformity (or 
even rupture), a threshold after which ligaments could never return to their original state. 

These ligamentous injuries are increasingly frequent, and for a multitude of reasons: 

- Modifications of the sporting activities of children and adolescents 
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- Increasing pressure by trainers and parents 
- Easier access to MRIs 
- Development of arthroscopic techniques 

According to the 2006 French Society of Orthopedic Surgery & Traumatology (SOFCOT) 
symposium [2], the different ligaments of the knee are injured in the following proportions: 
70% medial collateral ligament (MCL), 20% lateral collateral ligament (LCL), 10% cruciate 
ligaments. 

 

Peripheral sprains (MCL/LCL)  

Injuries to the collateral ligaments of the knee are more frequently the causes of sprains. 
Hemarthrosis is not usually found in these types of injuries, except if they are associated with 
injuries to the cruciate ligaments. The classification into 3 grades is of both therapeutic and 
prognostic importance: 

- Grade 1: stretching (no laxity at 20° of knee flexion) 
- Grade 2: partial tear (joint laxity but with a firm end point) 
- Grade 3: complete tear (joint laxity without an end point) 

Treatment depends on severity of the injury : 

- Grades 1 and 2: immobilization for 1 to 3 weeks in order to relieve pain (plaster knee 
brace or removable knee brace depending on the age) with full weight-bearing being 
authorized. 

- Grade 3: cast immobilization or hinged knee brace for 4 to 6 weeks. If there is 
associated cruciate ligament injury, collateral ligament management would be 
surgical with suture ± ligamentous reinforcement. 

  

MCL: Jacob el al. Insights imaging 2013 [3] 

a/ Normal aspect of the MCL, appearing thicker in its proximal compared to its distal end. 
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b/ Grade 1 sprain: low-grade partial tear of the deep fibers with tear of the medial 
meniscofemoral ligament with intact superficial fibers. 

 

c/ Grade 2 sprain: high-grade tear of both the deep and superficial fibers which remain 
attached at their proximal and distal ends 

 

d/ Grade 3: complete MCL tear at the level of the joint space 

 

e/ Grade 3: complete MCL tear at its tibial insertion 
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Central sprains: 

Age plays an important role in treatment decision-making: 
In children younger than 12 years of age, cruciate ligament injuries are in 80% of cases 
associated to bony avulsions [2] or a tibial eminence fracture (TEF). In children younger than 
8 years of age presenting with hemarthrosis and a normal radiograph, a purely cartilaginous 
avulsion must be considered [4]. In children older than 12 years of age, ligamentous tears 
are more frequent and represent approximately 90% of cruciate ligament injuries. Lesions of 
the PCL and multi-ligamentous injuries are far less frequently found. 

 
Tibial eminence fracture 

The global incidence of TEF is around 1 per 300,000 inhabitants [5] and is more frequently 
found in children aged between 8 and 13 years old.  

The mechanism of injury is a direct blow to the knee in flexion. The ligament has higher 
resistance than its bony insertion, thereby leading to avulsion fractures. However, this does 
not prevent distension of the ligaments before the avulsion has occurred, a notion described 
by Noyer in 1974 [6]. Association with meniscal injury (6 to 8%) is far less frequent than in 
ligamentous injuries (50%). The diagnosis is generally made on conventional radiographs 
(lateral views). The most frequently utilized classification is that of Meyers and Mckeever 
(figure 1) and is of therapeutic importance, including 4 different types:  

- Type 1: Non-displaced (20%) 
- Type 2: Anterior displacement but with posterior continuity (50%)  
- Type 3: Complete displacement 
- Type 4: Complete displacement with rotation and comminution  

 

Figure 1: Meyers and McKeever classification of tibial eminence fractures 

Treatment:  

- Type 1: treatment is conservative and involves immobilization in a long leg cast or a 
leg cylinder cast for a period of 4 to 6 weeks with slight (10° to 20°) flexion on the 
knee. 

- Type 2: even though treatment leans toward surgical repair, conservative treatment 
may be attempted if anatomic reduction of the avulsed fragment is ensured without 
secondary displacement with minimal flexion. In this case, treatment is similar to that 
of type 1 fractures. Surgical treatment is indicated if an anatomic and stable reduction 
is impossible to achieve or if the anterior horn of the medial or lateral menisci or the 
inter-meniscal ligament is entrapped within the fracture site, an often-encountered 
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entity (54% of cases according to Kocher) [7]. The treatment of entrapment is either 
by retraction or resection of the incarcerated fragment [8]. 

- Types 3 and 4: treatment is surgical and involves arthroscopic or open repair with the 
aim of stabilizing the avulsed fragment and reestablishing articular congruency.  

Means of fixation: The aim of treatment is to reestablish the articular congruency and to 
secure a stable fixation. This is achieved either by sutures, anchors, screws, or endobuttons. 
Hunter showed comparative results between arthroscopic suture and screw fixation 
techniques [8].  

Results  

An anatomic reduction does not eliminate the risk of residual laxity. This may be due to the 
plastic distension due to stretching of the ligament. Nevertheless, multiple studies have 
shown excellent functionality (absence of instability) regardless of residual laxity [9-11]. 

Complications  

1. Joint stiffness is the most frequent complication and is essentially due to prolonged 
immobilization. Rigid fixation systems are recommended for early mobilization (figure 
2). 

 

Figure 2: Stage 3 tibial eminence fracture with screw fixation [12]. 

2. Residual laxity is a frequent complication: Smith et al. showed that 100% of cases were 
found to have residual laxity at 7 years follow-up and 50% of patients were still 
symptomatic [13]; Willis et al. reported 74% laxity at 4 years follow-up and 10% were 
symptomatic [14]. More recent publications have shown lower numbers, with Janarv 
et al. reporting 38% of cases with residual laxity [15] and Iborra et al. reporting 33% at 
7 years follow-up [3]. Moreover, this laxity is rarely associated with clinical instability 
or secondary meniscal injury. Countersinking, which involves fixing the fracture 
fragment below its original position, allows to counteract the potential stretching and 
distension of the ACL. 
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Ligamentous tears of the ACL 

Acute phase:  

The acute primary repair of an ACL tear has been regaining traction lately, and the two 
following conditions must be met: 

- Proximal tears, as classified on an MRI according to the remaining percentage of 
ligament distal to the site of ACL rupture: Type 1 (distal remainder > 90%), type II 
(75%-90%), and type III (25%-75%) 

- Good quality of the tendon based on an evaluation by an MRI, classified into good, 
fair, and poor. 

This repair is undertaken by arthroscopy with anchors ± internal brace. Recent studies in 
skeletally immature children have reported good results as long as the prerequisites have 
been strictly respected (type I proximal rupture and good ligamentous quality). Nonetheless, 
these studies included only small sample sizes and sometimes utilized synthetic braces: 

- Smith et al. (KSSTA 2016): 3 patients with internal brace (removed 3 months post-
operatively), 2-year follow-up [17].  

- Bigoni et al. (Knee 2017): 5 patients without internal brace with 4-year follow-up 
(figure 3) [18]. 

 

Figure 3 : Anchor-lacing without internal brace [18]. 

Chronic phase:  

When an ACL tear has been confirmed in skeletally immature children, two therapeutic 
options exist: conservative or operative treatment. 
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Conservative treatment does not signify abstention of therapy. A rigorous rehabilitation 
program is necessary along with frequent medical follow-ups allowing for the child to return 
to pivoting. Adepts of conservative treatment base their arguments on the potential growth 
of the knee in children which is at increased risk with adult ACL reconstruction techniques. 
Surgical treatment is indicated when there is knee instability after conservative treatment has 
been attempted (failure of conservative treatment with episodes of clinical instability and 
meniscal lesions evidencing instability). Adepts of surgical treatment base their arguments on 
pediatric-specific surgical techniques (extraphyseal, transphyseal, epiphyseal or mixed). 

Multiple studies during the 1990s [19-21] argued that conservative treatment of ACL ruptures 
in children is no different than its natural history with the following consequences (figure 4): 

1- Instability in over 90% of patients at 2 years follow-up. 
2- Secondary medial meniscal lesions in 50% of cases at one-year follow-up. 
3- Cartilaginous injuries and early osteoarthritis with 50% of patients having abnormal 

radiographs at 5 years follow-up. 

In a study by the Francophone Arthroscopy Society (SFA) in 2017 [22], conservative treatment 
was assessed in a cohort of 53 patients with a mean follow-up of 31.5 months with a rigorous 
rehabilitation program (OSLO protocol). Specific inclusion criteria were adopted: children 
complaining of major clinical instability (>2 episodes of instability); children with an initial 
meniscal tear were excluded. The rate of success of conservative management was 81%, with 
17% developing secondary meniscal tears, 36% complaining of instability, and 40% 
undergoing ACL reconstruction. Factors that predicted the eventual need for surgery included 
clinical instability and meniscal injuries. 

 

Figure 4: Results of conservative treatment found in the literature [22]. 

Anterior cruciate ligament reconstruction techniques:  

Multiple techniques have been described for the reconstruction of the ACL in children (figure 
5). These techniques differ depending on the type of graft that is used (hamstrings 
[quadrupled hamstring autograft], bone-patellar tendon-bone, tensor fascia latae, soft 
baguette technique) and the location of the tunnels (epiphyseal, extraphysial, transphysial, 
or mixed). 

The key in these techniques is avoiding any iatrogenic injury to the physes may hamper the 
growth of the knee while keeping in mind that femoral and tibial tunnels used in adult 
reconstructions transverse the growth plate. In fact, these growth plates are responsible for 
65% of the growth of the knee in children (1.2cm per year at the level of the femur and 0.8cm 
per year at the level of the tibia). These risks require surgeons to respect certain security 
measures: 
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- Bone should not be harvested from the tibial tuberosity (Kenneth-Jones technique) 
thus avoiding any damage to tibial tuberosity growth plate which may lead to 
recurvatum. 

- The transphyseal tunnel must not surpass 9mm in diameter. 
- Reaming must be slow when approaching the physis. 
- Respect the perichondrial ring. 
- The tibial tunnel must be more vertical than in adult techniques. 
- The bone tunnels must be filled with fibrous tissue. 
- Avoid placing interference screws across the physis. 

 

Figure 5: Anterior cruciate ligament reconstruction techniques in children (Chotel collection)  

A study by the SFA published in 2017 [23] on 71 skeletally immature patients having 
undergone ACL reconstruction did not find clinical or radiographic evidence of growth 
disturbances (limb length discrepancy >10mm or axis deviations >5°). In contrast, MRI analysis 
found that 20% of cases developed physeal bone bridges. Risk factors for the development of 
physeal bone bridges include (figure 6): 

- &ĞŵŽƌĂů͗�ƚǇƉĞ�ŽĨ�ŐƌĂĨƚ�;�Wd�Ϳ�ĂƐ�ǁĞůů�ĂƐ�ĚŝĂŵĞƚĞƌ�;шϵŵŵͿ�ĂŶĚ�ůŽĐĂƚŝŽŶ�ŽĨ�ƚŚĞ�ƚƵŶŶĞů�
(epiphyseal). 

- Tibial: Type of graft (patellar tendon) and type of fixation (interference screws) 
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Figure 6: Relative risk of the occurrence of physeal bone bridges [23]  

Return to sports and risk of graft failure: 

In a French multicentric study conducted by the SFA in 2017 [24], return to sports and the 
risk of graft failure was evaluated in patients who had undergone ACL reconstruction. In the 
͞ŽƉĞŶ�ƉŚǇƐŝƐ͟�ŐƌŽƵƉ͕�ϮϬй�ŽĨ�ƉĂƚŝĞŶƚƐ�ŚĂĚ�ƵŶƐĂƚŝƐĨĂĐƚŽƌǇ�ƌĞƐƵůƚƐ�;ŐƌĂĨƚ�ĨĂŝůƵƌĞ�Žƌ�/<���ƐĐŽƌĞƐ�
ŽĨ���Žƌ��Ϳ͕�ǁŝƚŚ�Ă�ƌŝƐŬ�ŽĨ�ŐƌĂĨƚ�ĨĂŝůƵƌĞ�ŽĨ�ϵй�ĐŽŵƉĂƌĞĚ�ƚŽ�Ϯ͘ϴй�ŝŶ�ƚŚĞ�͞ĐůŽƐĞĚ�ƉŚǇƐŝƐ͟�ŐƌŽƵƉ͘ 

Tibial and femoral transphyseal tunnels were created in 95% and 60% of cases, respectively 
(clear tendency for transphyseal techniques). These findings were independent of the 
technique utilized (epiphyseal, transphyseal, extraphyseal, or mixed techniques) and the 
choice of graft (BPTB, quadrupled hamstring autograft, or fascia latae). Return to sports was 
longer compared to adults (13 months for return to training and 14 months for return to 
ĐŽŵƉĞƚŝƚŝŽŶͿ͕�ǁŝƚŚ�Ă�ƌĂƚĞ�ŽĨ�ƌĞƚƵƌŶ�ƚŽ�ĐŽŵƉĞƚŝƚŝŽŶ�ŽĨ�ϲϯ͘ϱй�ŝŶ�ƚŚĞ�͞ŽƉĞŶ�ƉŚǇƐŝƐ͟�ŐƌŽƵƉ�ĂŶĚ�
ϱϱй�ŝŶ�ƚŚĞ�͞ĐůŽƐĞĚ�ƉŚǇƐŝƐ͟�ŐƌŽƵƉ�;ƚĂďůĞ�ϭͿ͘ 

 

Physis Open Closed 
Sample size 100 178 
Running (months) 10.5 9 
Training (months) 13 12 
Competition (months) 14 12 
Return to previous level 80% 77% 
Return to competition 63.5% 55% 
Graft failure 9% 2.8% 
Contralateral rupture 6% 5% 
Unsatisfactory result 20% 14.7% 

Table 1: Summary of return to sports and graft failure risk ŝŶ�ďŽƚŚ�ƚŚĞ�͞ŽƉĞŶ�ƉŚǇƐŝƐ͟�ĂŶĚ�
͞ĐůŽƐĞĚ�ƉŚǇƐŝƐ͟�ŐƌŽƵƉƐ�[24]. 

In conclusion, actual tendencies for the treatment of ligamentous ruptures of the ACL in 
children can be summarized as such: 

- Increasing interest in arthroscopic repair of ACL tears in the acute setting, a 
technique that was long abandoned, if the prerequisites of proximal rupture and 
good ligamentous quality are met. Outcomes in the adult population are 
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encouraging. A small number of pediatric series have begun to emerge, and longer 
follow-up and larger sample sizes are required in order to validate this therapeutic 
option in the pediatric population. 

- Well conducted conservative treatment is indicated when no clinical instability or 
initial or secondary meniscal tears have occurred, thus the necessity of regular 
follow-ups with annual MRIs allowing for the detection of secondary meniscal tears 
which may sometimes be asymptomatic. 

- The different techniques for ACL reconstruction in the pediatric population have 
shown comparable results to adult techniques and confirm the definitive nature of 
reconstructions in the pediatric population, rather than merely spanning while the 
patient awaits definitive surgery after skeletal maturity has been reached. Recent 
French multicentric studies have shown a tendency toward transphyseal techniques 
(95% at the level of the tibia and 60% at the level of the femur) with an absence of 
postoperative complications in terms of limb length or lower limb axis. Nevertheless, 
MRI studies have shown the formation of physeal bone bridges at the level of the 
femur and the tibia, but which remain asymptomatic. This confirms the need for 
experienced pediatric surgeons when treating ACL injuries in the pediatric 
population, allowing to monitor of potential growth disturbances. 

- The rate of graft failure is significantly higher in pediatric patients compared to 
adults, thereby inciting a longer return to sports than adults (13-14 vs. 6 months, 
respectively). This is due to a slower ligamentization of the graft in children [25]. 
Studies attempting to increase rotational stability, which is difficult to control, are 
actually underway and are evaluating the effect of combined ACL and anterolateral 
ligament (ALL) reconstruction techniques. This is an old concept that is once again 
gaining traction in an attempt to increase the stability of the construct. Graft failure 
and return to previous level of competition [24] are important notions to discuss 
with the patients and their parents during preoperative consultations. This would 
allow for the postoperative rehabilitation to integrate the required time for proper 
preparation and readaptation, and would allow ample time to reassess the high-level 
student-athlete future of the child. 
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Osteochondritis dissecans of the knee: 
Pathophysiology and contributing factors 
De Courtivron B, Unal P, Krissian S, Odent Th 

Clocheville Pediatric Hospital ʹ Tours University Hospital  

 

The term osteochondritis dissecans of the knee was first coined by König in 1887 who 
suggested an inflammatory or even infectious cause to this disease. However, subsequent 
studies could not confirm the presence of local or systemic inflammatory processes. 

The lesion was described by Hughston as being a fragment of avascular bone covered by 
articular cartilage that is separated from the normal underlying bone by a layer of fibrous 
tissue forming a barrier preventing revascularization. The fragment may either detach 
completely and lead to a loose body, allow for revascularization and spontaneously heal, or 
lead to non-union and remain  in its crater within the femoral condyle [1,2]. 

The primary cause of this localized devascularization remains unknown and is thought to be 
multifactorial. A meta-analysis conducted by Andriolo et al. [3] provides an insight into the 
diversity of recent studies in this domain (table 1). 

An analysis of the hypotheses presented today in relation to the etiology of osteochondritis 
provides a framework for the assessment of possible risk factors.  

I - Epidemiology  

The incidence of osteochondritis of the knee is estimated to range between 9 and 12 per 
100,000 in those aged younger than 19 years. It is generally not encountered before 6 years 
of age, with 25% appearing between the ages of 6 and 11 years old and 75% between 11 and 
19 years old. Even though it is 2 to 4 times more prevalent in boys compared to girls, the 
incidence of osteochondral lesions in girls appears to be on the rise [4]. It appears equally as 
prevalent on either knee and 15% of cases are bilateral.  

The medial condyle is most commonly affected with up to 80% of cases appearing in this 
region, especially on the lateral border, with the remaining 20% of cases involving the lateral 
condyle.  

Some cases have been described with lesions at the level of the trochlea, patella, and even 
the tibial plateau [5]. The natural history after conservative treatment of benign forms is 
generally favorable. In more severe forms with osteochondral defects, secondary 
osteoarthritis may appear in up to 50% of patients at 20 years follow-up in the absence of 
surgical repair [6]. 
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II- Pathophysiology  

A ʹ Mechanical origin  

1 - Traumatic  

In all published studies, it has been suggested that micro-traumatic events secondary to 
physical exercise may be the primary cause of osteochondritis dissecans. This is further 
confirmed by an increase in the incidence of lesions found in girls who are increasingly 
partaking in sports requiring large amounts of pivoting or high impact on the knees. However, 
in multicentric studies conducted by the European Pediatric Orthopedic Society (EPOS), only 
55% of subjects affected with osteochondritis dissecans engaged regularly in sports [7].  

Even though some cases have been reported in the literature and documented by MRI, an 
acute traumatic cause is generally not found [8].  

Moreover, lesions that resemble osteochondritis have been reproduced experimentally 
through repeated contusions of the knees, with the development of subchondral fracture that 
later progressed toward non-union [6]. 

2 - Biomechanical  

Certain types of sports induce high pressures on the knees due to certain positions, such as 
kneeling in baseball players. These young athletes present more frequently with 
osteochondritis of the posterior aspects of the condyles [9]. 

Furthermore, a higher prevalence of bilateral posterior and bicondylar osteochondritis was 
reported in patients with cerebral palsy ambulating in a crouched gait pattern [10]. However, 
in a series of 34 subjects presenting with trochlear osteochondritis, Price et al. found that 90% 
participated in sports that placed extreme pressure on the femoro-patellar joint, such as 
Basketball and football (soccer) [11]. 

Jacobi noted that most subjects presenting with osteochondritis of the lateral condyle were 
in slight genu valgum, with genu varum leading to medial osteochondritis [5]. 

3 ʹ Anatomical 

Many Japanese publications have studied the incidence of lateral osteochondritis in subjects 
with a discoid meniscus, a variant that is especially prevalent in Japan. Osteochondritis was 
found in 5% of patients who had not been previously operated on the meniscus, whereas 20% 
of patients who had been previously operated by meniscoplasty later developed 
osteochondritis, with larger meniscal resections and younger age being the primary risk 
factors [12]. 

Finally, following Fairbanks in 1933 and Smilie in 1957, a number of studies have been 
conducted in search of impingement between the medial intercondylar eminence (tibial 
spine) and the lateral aspect of the medial condyle. Moreover, this mechanism is reproduced 
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during the diagnostic maneuvers of Wilson: pain is elicited when the leg is placed in internal 
rotation with the knee in flexion. A team of researchers from Toulouse, France, showed a 
significantly raised tibial spine [13], and Chow et al. found a narrow intercondylar notch in 
patients with signs of impingement [14]. Other biomechanical factors, such as tibial slope, 
lateral tibial torsion, and hyperlaxity may also be associated leading to repeated impingement 
between the tibial spine and the most frequent location of the osteochondral lesion. 
Furthermore, the proximal attachment of the posterior cruciate ligament could also cause 
increased traction on this area [15] (figure 1). 

 

Obesity also increases the risk of osteochondritis of all locations. The elbows and ankles are 
especially affected in heavier patients, with the knees being the more frequent location in 
children who are moderately overweight. Incidentally, it is difficult to determine whether the 
risk factors are mainly mechanical or biological [16]. As a result, certain activities and 
anatomical characteristics either increase the frequency or affect the location of 
osteochondral lesions due to repetitive localized trauma. Nevertheless, these factors may not 
fully explain this pathology, which is often found in the absence of these factors. 

B ʹ Genetic origin 

A genetic predisposition is suspected but difficult to demonstrate. Gornitzky et al. [17] 
showed that 14% of subjects diagnosed with osteochondritis had a relative with the same 
pathology, and Yellin et al. attempted to identify genetic loci associated with the pathogenesis 
of osteochondritis [18]. 

C- Biological origin 

1- Osteonecrosis 
Intraoperative histologic studies (thereby denoting more severe forms) in search of local and 
general markers of regeneration confirmed that the deterioration of bony and cartilaginous 
matrices was situated at the level of the subchondral bone and was associated with the 
potential for regeneration. Osteonecrosis was a frequent but inconstant finding. A more 
consistent element was the separation between the undersurface of the osteochondral 
fragment and the subchondral bone, regardless of its macroscopic stability [20]. Cellular and 
serologic markers of bony and cartilaginous regeneration can be found in the area of 
separation. In some cases, the lesions do not involve the subchondral bone and the separation 
takes place directly beneath the articular cartilage. The cartilage itself is rarely the site of 
necrosis and can sometimes even be hypertrophied, a finding which may explain the 
asymptomatic nature of certain lesions [20] (figure 2). 
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dŚĞƐĞ�ĨŝŶĚŝŶŐƐ�ĂƌĞ�ŶŽƚ�ĐŽŵƉĂƚŝďůĞ�ǁŝƚŚ��ŶŶĞŬŝŶŐ͛Ɛ�ŚǇƉŽƚŚĞƐŝƐ͕�ǁŚich was based on the fact 
that condylar subchondral bone is vascularized by terminal arterioles. According this 
hypothesis, osteochondritis dissecans could be secondary to intra-osseous vascular 
pathology.  

 

2 ʹ Animal studies: Epiphyseal growth plate  

Animal studies may provide further insight into the pathophysiology of this disease. In fact, 
horses are known to frequently suffer from osteochondritis of the knees, such that racehorses 
may even benefit from systematic screening. Veterinarians have thus searched for animal 
models that are easy to study, an endeavor that led them on the miniature pig. These pigs are 
known to present preclinical forms of osteochondritis dissecans, lesions that were first 
described in 1978 and termed osteochondrosis [21]. 

Studies based on histologic and MRI data have revealed frequent ossification irregularities at 
the level of the epiphyseal growth plate. This is usually found between the secondary 
ossification center of the condyle and the articular cartilage. Contrary to hyalin cartilage, 
these sites of irregularity contain a temporarily fragilized terminal vascular bed which flows 
back and forth within the cartilaginous canals. During growth, as the canal is progressively 
pervaded through the process of chondrogenesis or ossification, this vascularization is 
interrupted. 

Animal models have also shown that osteochondrosis is due to the early obstruction of these 
canals leading to ischemia and necrosis of the chondrocytes that are situated at the ends of 
these canals. During the progression of the ossification site, this area of chondral necrosis 
resists to ossification and thus leads to late focal enchondral ossification. This may evolve 
toward:  

1- Healing, which is the most frequent case 
2- Formation of cysts within the subchondral bone  
3- osteochondritis dissecans [22] 

Since animal models allow easy reproduction of osteochondral lesions by surgically 
interrupting the vascular supply to the growth plate without affecting that of subchondral 
bone, histological studies in these models have been thorough [23]. This has led to a better 
understanding of these injuries, especially why a fragment of osteochondritis dissecans 
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contains rather necrotic subchondral bone or is completely formed by rather necrotic hyaline 
cartilage. Necrotic subchondral bone and cartilage therefore merely represent the natural 
history of this disease process.  

Increased signal intensity, which may be of liquid or cystic origin, may be found even in the 
absence of articular cartilage fissures and signify instability. These are generally secondary to 
the presence of chondroblast-rich granulation tissue. 

3 ʹ In children  

The femoral epiphyseal cartilage of the miniature pig appears to be very similar to that of 
children. Lesions that are equivalent to chondrosis in animals have been sought on human 
femur samples aged 1 month to 11 years. Significant lesions have been found on over 50% of 
these samples, which are sometimes multiple and bilateral, and are located at the usual sites 
of osteochondritis dissecans in children. 

As these lesions, specifically those affection the posterior condyles, leave no sequelae and 
are frequently found in children, they are generally considered as normal variants (figure 3). 

 

Comparing these lesions to osteochondrosis in animals suggests that ischemic chondral 
necrosis in children is a reality and may even progress toward osteochondritis dissecans [22]. 
Therefore, this entity is probably due to pathological processes that start early on in life, well 
before the age of 6 years, and well before any clinical or even radiographic manifestations. 
Progression toward osteochondritis dissecans seems to be influenced by certain factors that 
promote the persistent separation between the epiphysial ossification center and the 
subchondral bone, and thus its instability (a primordial sign of poor prognosis) and secondary 
necrosis.  

 

Figure 4 illustrates partial spontaneous healing of an extensive lesion.  
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III- Risk factors  

Osteochondritis dissecans is the result of a frequent, old lesion in which the process of 
spontaneous healing is impeded by multiple factors. 

Genetic factors probably caused the initial osteochondrosis, whereas anatomical and 
biomechanical factors seem to influence progression toward actual osteochondritis. 

Overweight also seems to be an authentic risk factor.  

In addition, certain types of sports may play a role in the emergence of symptomatic 
osteochondritis. Nevertheless, there is no single type of sport or activity level that would be 
particularly responsible for the occurrence of osteochondritis of the knee, contrarily to, for 
example, the relationship that is frequently found between high-level gymnastics and 
osteochondritis of the elbow. The only exception would be baseball players, especially 
receivers, who may develop osteochondritis of the knee due to prolonged periods in the 
kneeling position. 

It would appear that athletes are more frequently affected by this pathology. However, these 
patients are also usually more concerned by any limitation in their physical ability. In fact, the 
same lesions may be asymptomatic in some subjects, such as musicians, but invalidating to a 
football player. 

Mechanical axis deviations of the lower limbs cannot be held responsible either, even though 
they may influence the location of said lesion. 

The roles of certain anatomical factors must also be mentioned: 

- A discoid meniscus seems to lead to lesions of the lateral condyle, a finding that has 
been essentially reported in the Japanese population. 

- The prominence of the medial tibial spine probably explains the frequency of 
osteochondritis dissecans of the lateral border of the medial condyle, which is 
undoubtedly associated with other dynamic elements. 

Conclusion  

This seemingly well-known lesion appears to originate from a histologic structure that is still 
unknown: The epiphyseal growth plate of the chondroepiphysis with its vascular networks 
and its multidirectional canals. A discrete vascular event that is considered to be normal, is 
frequently found and often resolves spontaneously. However, in certain difficult to control 
circumstances, this vascular event may later progress into a necrotic osteochondral fragment 
ƚŚĂƚ�ǁŽƵůĚ�ƉůĂĐĞ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ĂĐƚŝǀŝƚǇ�ĂŶĚ�ĨƵƚƵƌĞ�ŽĨ�ƚŚĞ�ŬŶĞĞ�ŝŶ�ƉĞƌŝů͘� 

Further studies in animal models and humans may give insight into this vascular event, one 
of the objectives of the ROCK (Research on OsteoChondritis of the Knee) group that was 
founded in 2010 [24]. 

Images 
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Table 1: Recent studies on the etiology of osteochondritis dissecans 

Type of study Number of studies 
Genetic 27 
Ossification of chondro-epiphysis 12 
Endocrinology 9 
Overuse 18 
Tibial spine 5 
Discoid meniscus 16 
Biomechanical 20 

Figure 1: Association of two anatomical characteristics: both a hypertrophic medial 
intercondylar eminence (tibial spine) and a narrow, asymmetric intercondylar notch are risk 
factors for impingement with the lateral border of the medial femoral condyle.  

Figure 2: High signal intensity within the bone; the subchondral bone is thin, and the articular 
cartilage is hypertrophic. 

Figure 3: Irregular ossification of the femoral condyle.  

Figure 4: Natural history at 3 years follow-up: The posterior aspect of the osteochondral lesion 
has healed without the need for specific treatment while the anterior aspect, constrained by 
higher mechanical loads, has persisted. 
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Introduction  

Meniscal injuries in athletic children have become a recurrent issue for pediatric orthopedic 
surgeons. They appear especially frequently in children partaking in pivoting sports, of which 
football (soccer) is a prime example. There is a male predominance, especially in children aged 
8 years and older. In fact, Isolated meniscal injuries are more frequent in the pediatric 
population than in adults. 

Meniscal injuries have become more frequent in pediatric orthopedics: On the one hand, 
children are increasingly being introduced to pivoting sports at earlier ages. On the other 
hand, MRI, a medical imaging modality not based on ionizing radiation, has become more 
accessible and easily makes the diagnosis of meniscal injury. The pediatric orthopedic surgeon 
is thus frequently interrogated on the management of such injuries, interrogations that may 
ŝŶƚĞŶƐŝĨǇ�ďǇ�ƚŚĞ�ƉĂƚŝĞŶƚƐ͛�ĐůƵďƐ�ĂŶĚͬŽƌ�ƚƌĂŝŶĞƌƐ�ǁŚŽ�ĂƌĞ�ĞĂŐĞƌ�ƚŽ�ƐĞĞ�ǇŽƵŶŐ�ĂƚŚůĞƚĞƐ�ƌĞƚƵƌŶ�ƚŽ�
their previous level of activity. 

In this chapter, isolated meniscal tears on a stable knee will be distinguished from those 
associated with a ruptured anterior cruciate ligament (ACL), and thus on an unstable knee. 
These two injury patterns are different on the pathophysiological level, and in each of these 
two entities, the clinical specificities, the different management strategies (primarily surgical) 
and their results, all of which are to be considered in relation to certain elements (type of 
ůĞƐŝŽŶ͕�ĂŐĞ�ŽĨ�ƉĂƚŝĞŶƚ͕�ĞƚĐ͙Ϳ͕�ǁŝůů�ďĞ�ĚĞƚĂŝůĞĚ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ŵĞŶŝƐĐĂů� ŝŶũƵƌŝĞƐ�Žn congenital 
meniscal pathologies, such as a discoid meniscus, will not be discussed, even though these 
abnormalities are often detected as a result of a sports-related accident. 

1. Isolated meniscal injuries on a stable knee 

The difficulty in the management of isolated meniscal tears is their diagnosis. Treatment is 
primarily surgical, even though it is sometimes possible to attempt conservative treatment 
for small, acute lesions . 

a. Epidemiology 

Similar to ACL ruptures, meniscal tears occur as a result of a sudden twisting movement on a 
hyperflexed knee. 80 to 90% of these injuries occur as a result of a sports injury: football 
(soccer), basketball, rugby, or skiing [1-6]. In fact, 50% of patients aged between 7 and 18 
years presenting with a posttraumatic hemarthrosis of the knee have a meniscal injury [7]. 
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The exact prevalence of these injuries remains to be elucidated, although isolated meniscal 
lesions are known to be more frequent in skeletally immature children than adults, even 
though the meniscal tears in general are less frequently found on stable knees compared to 
unstable knees [5,6,8-11]. Meniscal injuries are encountered most frequently in adolescents 
[6,11,12] and are rare in children without congenital abnormalities. Meniscal tears may rarely 
appear in children younger than 8 years [13,14]. Multiple types of meniscal lesions may be 
encountered, with simple longitudinal and bucket handle tears being the most frequent, 
followed by horizontal and complex tears. Radial tears and meniscal root avulsions are less 
common [5,6,11,12]. 

b. Diagnosis 

- Clinical 

A meniscal tear should be suspected in children presenting with pain at the femorotibial joint 
line that increases in the kneeling position with difficulty passing to the standing position. 
Children may feel a blocking sensation that may be permanent or intermittent, with a 
sensation of popping (sign of meniscal instability) or a limitation in knee range of motion 
[1,3,5]. Mild hemarthrosis is usually present initially. 

Physical examination should assess for joint effusion and compare the range of motion to the 
contralateral knee in search of a deficit in flexion, flexion contracture or more frequently a 
deficit in hyperextension. 

 

Figure 1: Ruler sign indicating a deficit in hyperextension of the right knee.  

 

Injuries to the medial meniscus elicit pain on forced varus of the knee or the figure-of-four 
maneuver, and are relieved with forced valgus, and vice versa for the lateral meniscus. The 
Beighton score determines the laxity of the knee, which constitute a risk factor for meniscal 
injury [2]. Specific meniscal tests are then realized:  
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1. Palpation of the anterior, middle, and posterior horns of the medial and lateral 
menisci. 

2. McMurray test: repeatedly passing from flexion to extension with external rotation 
and valgus for medial meniscal tears, and internal rotation and varus for lateral 
meniscal tears. 

 

Figure 2: McMurray test: repeatedly passing from flexion to extension with external rotation 
and valgus for medial meniscal tears, and internal rotation and varus for lateral meniscal 
tears. 

3. Apley Grind test (GT): The child is placed prone, the knee is flexed to 90° and is then pressed 
against the examination table with external rotation for medial meniscal tears and internal 
rotation for lateral meniscal tears. 

 
 

Figure 3: Apley Grind test (GT): The child is placed prone, the knee is flexed to 90° and is then 
pressed against the examination table with external rotation for medial meniscal tears and 
internal rotation for lateral meniscal tears. 

4. Thessaly test (TT): difficult to realize in the pediatric population, the child is asked to stand 
on a single leg with the knee flexed to 20°. The patient is then asked to turn to the left and 
then to the right thereby causing external rotation of the knee to test for medial meniscal 
tears and internal rotation to test for lateral meniscal tears. 
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Figure 4: Thessaly test (TT): difficult to realize in the pediatric population, the child is asked to 
stand on single support with the knee flexed to 20°. The patient is then asked to turn to the 
left and then to the right thereby causing external rotation of the knee to test for medial 
meniscal tears and internal rotation to test for lateral meniscal tears. 

According to the literature [3,15], these specific tests have a very low sensitivity (average 
40%) but high specificity (>80%) in children. As a result, they should be taken into account 
only if they are positive. In children with lateral meniscal injuries, a discoid meniscus must 
always be ruled out [16]. 

- Medical imaging 

Conventional radiographs have little value in the diagnosis of meniscal injuries, although they 
are systematically ordered in patients presenting with pivoting injuries of the knee. Their 
utility is in eliminating other lesions, such as osteochondral injuries, Segond fractures, and 
tibial eminence fractures [3]. The diagnosis of a meniscal injury is generally made on MRI, as 
was described in the previous chapter. Care should be taken not to misdiagnose a normal 
variant as a pathological finding. In fact, increased signal intensity of the posterior horn of the 
medial meniscus or of the popliteal hiatus of the lateral meniscus is often of vascular nature 
and may be mistaken for a horizonal tear of the medial meniscus or a vertical tear of the 
posterior horn of the lateral meniscus, respectively [17]. 

The diagnosis of a meniscal injury is thus made by associating the above described symptoms 
and physical exam in conjunction with imaging findings as to avoid misinterpreting a 
physiologic vascular increased signal of the posterior horn of the medial meniscus as a 
meniscal injury in a patient presenting with femoral patellar pain. 

b. Treatment 

ͻ��ŽŶƐĞƌǀĂƚŝǀĞ�ƚƌĞĂƚŵĞŶƚ 

Acute, short meniscal tears may benefit from conservative treatment with limb unloading and 
ĂďƐƚĞŶƚŝŽŶ�ĨƌŽŵ�ƉŝǀŽƚŝŶŐ�ƐƉŽƌƚƐ͕�ĞƐƉĞĐŝĂůůǇ�ŝŶ�ƚĞĂƌƐ�ŽĨ�ƚŚĞ�ƉĞƌŝƉŚĞƌĂůůǇ�ǀĂƐĐƵůĂƌŝǌĞĚ�͞ƌĞĚͬƌĞĚ͟�
zone [3]. These patients require close follow-up with both physical and MRI exams. Follow-
ups should be arranged at a minimum of 3-month intervals before allowing progressive return 
to high-risk sports. Anatomically, longitudinal tears measuring less than 10mm may be 
managed conservatively [3]. 

ͻ�Operative treatment 

The majority of meniscal tears must be sutured, either because the diagnosis has been 
delayed (thus proving that the tear did not heal), or due to a complex meniscal injury or an 
extended bucket handle tear leading to an increased risk of joint instability [4,5,8,9,11,12]. 

> Principles of treatment: 
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- Unstable lesions must be repaired. Instability may be diagnosed clinically by a sensation of 
clicking, blocking or limited range of motion, or on arthroscopy by testing the meniscal tear 
with a probe. 

- Regardless of the location of the injury, conserving as much of the meniscal tissue as possible 
is primordial, and no tear should be considered unrepairable, even those in the avascular 
͞ǁŚŝƚĞͬǁŚŝƚĞ͟�ǌŽŶĞƐ�ϲ͕ϭϬ-12,18]. The only exceptions to this rule are radial tears, which are 
exceptional in children.  

> Techniques:  

Certain rules must be followed: 

- Begin by preparing and debriding the edges of the tear with a rasp. In meniscocapsular 
separations, the meniscal edges as well as the capsule should be debrided. 

- Heavy non-absorbable braided suturse (e.g. Mersuture 1) should be used, since the 
healing time of a meniscal tear is generally longer (4-6 months) than the absorption-
time of absorbable sutures.  

- Privilege vertical or oblique mattress sutures over horizontal mattress sutures due to 
their higher biomechanical resistance [19,20].  

- Do not place sutures too close to the lesion in order to include a maximum of meniscal 
tissue within the suture [20].  

- In extended bucket handle tears, ͞total knots͟ can be used: the knots are passed over 
the superior edge of the meniscus towards the inferior edge thus grabbing the free 
edges (figure 5) [18,20].  

  

Figure 5: ͞Total knot͟ grabbing the free edges of the meniscus.  

- Multiply the sutures (separated by 5mm intervals) for better tension distribution 
between the different sutures while tightening them. 

Dedicated devices for meniscal repair can be found, and each medical device company 
ĂĚǀĂŶĐĞƐ� ŝƚƐ� ŽǁŶ� ͞ƵŶŝƋƵĞ� ĂŶĚ� ƌĞǀŽůƵƚŝŽŶĂƌǇ͟� ƉƌŽĚƵĐƚ͘� ZĞŐĂƌĚůĞƐƐ͕� ϯ� ƚǇƉĞƐ� ŽĨ� ƐƵƚƵƌĞ�
techniques should be differentiated based on the type of knot: from the outside to the inside 
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of the knee (outside-to-inside), from the inside to the outside of the knee (inside-to-outside), 
or completely intraarticular (all-inside).  

Our preferred techniques will be detailed depending on the location of the meniscal tear 
(figure 6):  

 

 

Figure 6: three different techniques of meniscal suture: from the outside to the inside of the 
knee (outside-to-inside) for the anterior horn, from the inside to the outside of the knee 
(inside-to-outside) for the body, or completely intraarticular (all-inside) for the posterior 
horn.  

- Tears of the anterior horn of the meniscus are often repaired by an outside-to-inside 
approach. Using arthroscopy, a hollow needle is first introduced in an ascending 
fashion through the tear. A heavy non-absorbable braided suture is then passed 
through the lumen of the needle. A second needle is passed in the same direction, 
placed either 5mm more lateral to the previous or, if a ͞total knot͟ is desired, passing 
through the other side of the meniscus. The suture is then passed through the lumen 
of the second needle using either a prefabricated lasso system or a handmade lasso 
fashioned out of non-braided suture loop (e.g. size 0 PDS suture). The suture bridges 
the tear within the joint with both ends exiting the skin. A small vertical cutaneous 
incision is made between the exit points of the suture ends. The sutures are then 
drawn subcutaneously using an arthroscopic hook and passed through the newly 
created skin incision. Under arthroscopic guidance, the knots are made against the 
joint capsule using a slip knot. Slip knots allow better tension distribution between the 
different knots. For tears with a very anterior extension where laxity of the joint 
capsule in this area may be problematic, it is preferable to secure the knot on an 
anchor placed over the anterior tibial epiphysis (meniscopexy) in order to avoid 
loosening. 
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Figure 7: Inside-to-outside technique. a: debridement of the lesion using a rasp. b: Insertion of 
the canula and then the needle through the tear. c: extraction of the needles and sutures 
through a skin incision at the level of the lateral meniscus in order to avoid the common fibular 
nerve. Note that the free ends of the first suture are extracted anteriorly, and the needles of 
the 2nd suture are extracted posteriorly. d: the two knots after tightening against the capsule. 

 

- Tears of the body of the meniscus are repaired by an inside-to-outside approach 
(figure 7). A curved suture cannula is passed through the opposite portal 
(anteromedial portal for the lateral meniscus and anterolateral portal for the medial 
meniscus), with the convexity of the cannula facing the cruciate ligaments. One hand 
is used to apply the distal end of the cannula against the meniscus in a slightly 
descending fashion (for a vertical mattress suture) at its anterior-most edge. A heavy 
non-absorbable braided suture is passed through the eye of a long needle that is 
adapted to the cannula, and the needle is passed through the cannula with a needle 
driver, passing through the meniscal tears and exiting the skin. The cannula must 
always face anteriorly in order to avoid the needle passing too posteriorly. In lateral 
meniscal tears, the needle must exit anterior to the fibular head as to avoid damaging 
the common fibular nerve. The needle and one end of the suture are passed through 
the skin, and the other end (still inside the cannula) is once again passed through the 
eye of the needle. The cannula containing the suture is then moved under 
arthroscopic guidance at least 5mm away from the first meniscal entry point either 
laterally or to the other side of the meniscus (if a ͞ƚŽƚĂů�ŬŶŽƚ͟�ŝƐ�ĚĞƐŝƌĞĚ) all the while 
maintaining the same direction. The needle and the second end of the suture are 
finally passed once again through the cannula and through the meniscal tear and the 
skin in a manner similar to the previously described. Similar to the outside-to-inside 
technique, the suture bridges the tear within the joint and its ends lie outside the skin. 
As previously described, the suture is passed through a small vertical skin incision with 
the help of an arthroscopic hook. The sutures are tied under the skin incision via 
arthroscopic guidance with a slip knot, and the knots are applied against the joint 
capsule. For tears of the lateral meniscus where the sutures are made relatively close 
to the fibular head, the cutaneous incision is extended in order to ensure the passage 
of the sutures in front of the biceps femoris tendon, thus avoiding the common fibular 
nerve. This suturing technique is preferred since it allows a solid fastening of the knot 
on the joint capsule [4,18]. The use of a cannula also aids in the reduction and 
stabilization of bucket handle tears. Finally, in the particular case of horizontal tears 
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of the lateral meniscus with an associated meniscal cyst, a direct lateral approach at 
the level of the cyst may be beneficial in order to excise the cyst during meniscal 
repair.  

- Tears of the posterior horn of the meniscus are usually inaccessible by the inside-to-
outside approach, since the exit points of the needles are too posterior and run the 
risk of neurovascular damage. The all inside technique (figure 8) is preferred in such 
cases. Its advantages are ease of use, lower neurovascular risk, and limited number of 
cutaneous incisions [21]. Nevertheless, this suturing technique is considered less 
robust than the previous two, since it is supported by a non-absorbable anchor that is 
theoretically applied against the meniscal wall of the posterior capsule. In reality, the 
exact position of the anchor in the posterior soft tissues and its mechanical value are 
unknown. As a result, the anchors risk loosening and floating within the knee joint if 
the sutures fail. 
In the all-inside technique, disposable industrial devices are generally used: The 
needle is passed vertically through the meniscal tear at a mean depth of 18mm (20mm 
in older adolescents and 16mm in younger children), the first anchor is deployed, the 
needle is removed from the meniscus and moved 5mm from the first meniscal entry 
point either laterally or to ƚŚĞ�ŽƚŚĞƌ�ƐŝĚĞ�ŽĨ�ƚŚĞ�ŵĞŶŝƐĐƵƐ�;ŝĨ�Ă�͞ƚŽƚĂů�ŬŶŽƚ͟�ŝƐ�ĚĞƐŝƌĞĚ) 
and then passed through the meniscal tear, the second anchor is deployed, and the 
needle is removed from the knee. In order to bring the two anchors closer together 
and lock the knots, continued traction is applied on the ends exiting the skin with a 
counterpressure being applied on the meniscus with a hook, and eventually liberating 
one of the two sutures linking the two anchors. The suture is then cut flush with the 
meniscus. 

 

Figure 8: All-inside technique. a: preparation and debridement of the tear using a rasp. b: the 
first suture is passed through the meniscal tear; the first anchor is deployed behind the 
meniscus. c: two anchors are placed; the two sutures are spaced 5mm apart. d: appearance 
of the first knot under tension and preparation of the second knot. 

> postoperative management: immobilization by with a knee immobilizer with the knee in 
extension for a period of 6 weeks. The knee may be mobilized from 0 to 60° by a 
physiotherapist 3 times per week in the immediate postoperative period. If the lesion was 
considered as unstable during arthroscopic hook examination, the patient must be placed 
non-weight-bearing with crutches for 6 weeks. Physical exercise is prohibited for a period of 
4 to 6 months depending on the expected stability of the meniscal repair. 
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d. Results 

Healing rates in patients operated for meniscal repair are still debated and depend 
extensively from the complexity of the lesion and the quality of the repair. Although 
postoperative follow-up MRI is rarely obtained in patients with a doubtful clinical follow-up, 
it is actually estimated that healing rates are around 80% in children, compared to 30% in 
adults [2,4,6,8,10-12,18,22]. A team at Mayo Clinic recently published their results of isolated 
meniscal repairs (on stable knees) in 32 children and adolescents with a mean follow-up of 
17.6 years: The functional International Knee Documentation Committee (IKDC) score 
significantly increased from 65.3 preoperatively, to 92.3 at final follow-up, independently 
from the complexity of the lesion, although there was a significantly higher percentage of 
early failure requiring revision surgery in complex lesions (80% failure rate) compared to 
simple lesions (18.2% failure rate) and bucket handle tears (47% failure rate) [11]. A recently-
published systematic review including 8 studies and 287 patients on the outcomes of meniscal 
repair (of which 60% were on unstable knees with an associated ACL tear) in children aged 
younger than 18 years confirms the previously-reported good functional results, with most 
patients being asymptomatic at final follow-up regardless of the type and location of the 
lesion or type of suture used [6]. Finally, a systematic review of the same 8 studies (287 
patients and 301 meniscal lesions) also reported a good mean postoperative Lysholm 
functional score ranging from 85 to 96, a mean failure rate of 17.3%, and a low complication 
rate (1 incidence of temporary paralysis of the common fibular nerve and 1 septic arthritis) 
[12]. Children generally have high meniscal plasticity: as a result, when treating a chronic 
dislocated bucket handle tear, the free edge of the torn meniscus can be easily reduced since 
the dislocated portion will remodel and thin out over time (figure 9). 

 

Figure 9: reduction of a chronic bucket handle tear, the thick free edge showing remodeling 
and progressive thinning.  

As a result, all meniscal tears in children and adolescents should be sutured. Meniscectomy 
is an extremely detrimental procedure that must be avoided. For pediatric orthopedic 
ƐƵƌŐĞŽŶƐ͕�ŵĞŶŝƐĐĂů� ƚĞĂƌƐ� ƚŚĂƚ� ĂƌĞ�ďĞůŝĞǀĞĚ� ƚŽ�ďĞ�ďĞǇŽŶĚ� ƚŚĞ� ƐƵƌŐĞŽŶ͛Ɛ�ĞǆƉĞƌƚŝƐĞ�ŵƵƐƚ�ďĞ�
referred to a colleague (even an adult orthopedic surgeon) rather than be removed. 
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2. Meniscal tears on an unstable knee  

a. Epidemiology 

A study published in 2011 reported a 10-year increase in the prevalence of ACL injuries in 
children and adolescents and, with it, an unavoidable increase in the prevalence of meniscal 
tears [23]. In a study by Stracciolini, ACL tears represented up to 10% of sports injuries in 13 
to 17-year-olds [24]. In fact, ACL injuries increase the risk of synchronous meniscal lesions, 
but also metachronous tears due to chronic instability of the knee [25]. 

In a study on secondary meniscal injuries in patients with a ruptured ACL, Raad et al. found a 
high prevalence of rugby and football (soccer) players and a relationship between meniscal 
tears and high BMI, attempted functional treatment, and delay until surgery [26].  

Meniscal tears with concomitant ACL injuries were discussed during the 2017 symposium of 
the Francophone Arthroscopy Society which was centered around ACL injuries in children and 
ĂĚŽůĞƐĐĞŶƚƐ͘�/Ŷ�Ă�ƉƌŽƐƉĞĐƚŝǀĞ�ƐƚƵĚǇ�ƚŝƚůĞĚ�͞ ��>�ŝŶũƵƌŝĞƐ�ʹ ŽƉĞŶ�ƉŚǇƐĞƐ͕͟�ƚŚĞ�ĂƵƚŚŽƌƐ�ĨŽƵŶĚ�ƚŚĂƚ�
48% had associated meniscal tears. The lateral meniscus was injured in 49% of cases 
(posterior horn: 83%; anterior horn: 0%, body of meniscus: 10%, body and posterior horn: 
7%). The medial meniscus was injured in 51% of cases (posterior horn: 86%, posterior horn 
and body: 7%, body: 7%, anterior horn: 0%). Tears were vertical in 60% of cases, bucket 
handle tears in 12%,  horizontal tears in 10%, radial tears in 5%, and complex tears in 13%. 

/Ŷ�Ă�ƌĞƚƌŽƐƉĞĐƚŝǀĞ�ƐƚƵĚǇ�͞ ��>�ŝŶũƵƌŝĞƐ�ʹ ŽƉĞŶ�ƉŚǇƐĞƐ͕͟�ƚŚĞ�ĂƵƚŚŽƌƐ�ĨŽƵnd meniscal tears in 24% 
of cases (medial meniscus 62%, lateral meniscus 19%, both menisci 19%). 

The percentage of meniscal tears in patients with a defective ACL thus varies depending on 
the study and dictates the indications for surgical intervention, with some studies reporting 
meniscal tears in up to 85% of ACL deficient knees [27]. These differences may be explained 
by the delays until surgical management in some studies (1 year for Ramski et al. [28]), which 
increases the incidence of meniscal injury, especially the medial meniscus [27,29]. Contrarily, 
in patients operated in the acute setting, a lower incidence of secondary meniscal injuries was 
found. 

/Ŷ�Ă�ƉƌŽƐƉĞĐƚŝǀĞ�ƐƚƵĚǇ�͞ACL injury ʹ closed physes͕͟�ƚŚĞ�ĂƵƚŚŽƌƐ�ƌĞƉŽƌƚ�ŵĞŶŝƐĐĂů�tears in 49% 
of patients with ACL ruptures who were operated, with once again a predominance of injury 
to the medial meniscus. 

In fact, ruptures of the ACL lead to a specific pattern of meniscal injury: injuries of the medical 
meniscal ramp, initially described as a posterior meniscocapsular injury of the medial 
meniscus [30]. Some studies have recently suggested that these injuries may be associated 
with lesions of the attachment of the meniscotibial ligament on the posterior meniscal horn. 
These injuries are often difficult to identify on MRI due to patient positioning with the knee 
in extension. The prevalence of these injuries depends on the authors and ranges from 24 to 
28% in children and adolescents with a ruptured ACL [30,31].  

Peltier et al. found that injury to the meniscal ramp increases anterior tibial translation, 
rotation and pivot-shift [32], and increases instability [33]. As a result, Stephen et al. 
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recommend repairing the meniscal ramp simultaneously with the ACL, due to its potential 
implication in persistent instability of the knee [34]. If left untreated, increased instability of 
the knee would lead to higher strain on the newly repaired ACL.  

b. Diagnosis 

The most frequently reported symptoms in the context of an acutely unstable knee after an 
exaggerated valgus moment and external rotation include pain and episodes of locking or 
pseudo-locking. The physical exam would also search for:  

- Classic signs of instability: anterior/posterior drawer test, Lachman test, positive 
pivot-shift test. 

- Signs of meniscal pathology: joint line tenderness on the medial or lateral side, 
positive McMurray test, pain on the Apley and Thessaly tests.  

The physical exam may be particularly difficult to perform in the acute phase, especially in 
bucket handle tears. In this case, the patient must be reassessed in 2 to 3 weeks. 

Conventional radiographs of the knee are not particularly useful, although findings of a 
Segond fracture (avulsion of the anterolateral ligament) are pathognomonic of an ACL tear.  

MRI is the modality of choice and would allow a complete assessment of the entire knee:  

- ACL rupture: complete rupture of the ACL, signal anomalies, Blumensaat angle 
superior to 10°.  

- Injuries secondary to ACL rupture: bone contusion, anterior drawer sign from anterior 
tibial translation  

- Meniscal injury especially of the posterior horn, dislocations of bucket handle tears 
within the intercondylar notch with a classic double PCL sign. 

c. Treatment 

Patients are most often seen at a distance from the acute incident. In fact, indications for the 
emergent treatment of ACL are limited. 

As such, meniscal tears associated with an ACL injury discovered on MRI must prompt the 
immediate repair of the meniscus. In fact, the finding of a meniscal lesion is the main 
indication for concomitant ACL reconstruction. Moreover, ACL tears are not known to 
spontaneously heal, and the secondary knee instability that is caused by such an injury would 
prevent any meniscal tear from healing, even when repaired. 

Nevertheless, not all meniscal tears should be systematically repaired: partial-thickness tears 
of the posterior horn of the lateral meniscus are generally concomitant with the ACL injury. 
These tears are frequently encountered and have a high potential for healing in the absence 
of renewed episodes of knee instability. If these tears are found to be stable during hook 
testing or solely partial thickness, repair is generally not necessary. 
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Surgical management is undergone via arthroscopy, under a tourniquet, and under general 
anesthesia. In children, the technique used for ACL reconstruction generally depends on the 
ƐƵƌŐĞŽŶ͛Ɛ�ƉƌĞĨĞƌĞŶĐĞƐ�ĂŶĚ�ƐŬĞůĞƚĂů�ŵĂƚƵƌŝƚǇ͘ 

Meniscal repair in unstable knees generally follows the same principles as in isolated meniscal 
tears: tears measuring 10mm or more must be repaired, while those measuring less may be 
simply debrided. Different suturing techniques are summarized depending on the location of 
the tear: 

- All-inside technique (previously fast-fix) for injuries to the posterior horn. 
- Inside-to-outside technique (previously Acufex) for injuries to the body of the 

meniscus. 
- Outside-to-inside technique (previously Meniscus Mender) for injuries to the anterior 

horn. 

Although the inside-to-outside technique by non-absorbable sutures requires a lateral 
counter incision on the knee, it remains the gold-standard treatment in terms of suture 
stability.  

Injury to the meniscal ramp also requires arthroscopic repair. The diagnosis is usually made 
ŽŶ�DZ/�ĂŶĚ�ƚŚĞ�ƚĞĂƌ�ŝƐ�ĐůĂƐƐŝĨŝĞĚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�dŚĂƵŶĂƚ͛Ɛ�ƐǇƐƚĞŵ͕�ĂůƚŚŽƵŐŚ�ƚŚĞ�ƚǇƉĞ�ŽĨ�ŝŶũƵƌǇ�
may be accurately established only after arthroscopic examination [35]. Injuries of the 
meniscal ramp are generally identified by a sequential arthroscopic approach, including a 
transcondylar (passing between the PCL and the medial femoral condyle) and posteromedial 
approach. Visualization of meniscal ramp injuries may be simplified by using a 70° 
arthroscope. A needle, placed through a posteromedial approach, may be used to elevate the 
meniscus from the distal end of the ramp and assess its integrity (figure 10). 

 

Figure 10: Exploration of the medial condylar ramp. a: the transcondylar approach is made 
between the medial femoral condyle (MC) and the posterior cruciate ligament (PCL, 
arrowhead). b: Arthroscope advancement (arrow). c: exposition of the posteromedial aspect 
of the knee with the ramp underneath. d: introduction of the needle by a posteromedial 
approach over transilluminated area. e: penetration of the needle at the level of the joint line 
(dotted) at its posterior aspect. f: once the posteromedial space has been breached, the needle 
may elevate the soft tissues from the extremity of the ramp thus evaluating the tears.  
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The tear is prepared and debrided using a shaver or rasp through a posteromedial approach. 
Through the same approach, a 45° dedicated hook is introduced facing to the right for the left 
knee (and vice versa for the right knee). This dedicated hook, also known as a Kuntscher awl, 
is used to pierce the meniscus from the bottom-up, passing completely through the tear. The 
lasso system is then released, and the suture is passed through the awl and the lasso. The 
suture is fastened onto the lasso and the awl is removed leaving both ends of the suture 
protruding from the skin. A slip knot is then made (figure 11) while pulling on one strand and 
lowering the knot onto the meniscal tear. Once the knot is in place, it is locked with a couple 
of throws and finally a ƐƵƌŐĞŽŶ͛Ɛ�ŬŶŽƚ. The free ends of the suture are then severed under 
arthroscopic guidance, and its stability is tested using a hook. 

In extensive meniscal tears that have been treated with sutures, a strict postoperative 
regimen must be followed: No weight bearing for 6 weeks while wearing a knee brace and 
mobilizing with crutches or a wheelchair. Anticoagulants are prescribed based on the 
ƉĂƚŝĞŶƚ͛Ɛ�ƉƵďĞƌƚĂů�ƐƚĂƚƵƐ�;ŵĞŶĂƌĐŚĞ�ŝŶ�ŐŝƌůƐ͕�ĂŶĚ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ�ƉƵďŝĐ�ŚĂŝƌ�ŝŶ�ďŽǇƐͿ͘�&ŽůůŽǁŝŶŐ�
immobilization, physiotherapy may prove useful as an aid for ambulation, reinforcement of 
the quadriceps and hamstrings, and recuperation of knee range of motion. Physical training 
and knee hyperflexion are contraindicated for 4 months postoperatively.  

As for return to all types of sports (including pivoting), most authors recommend particular 
care be taken postoperatively in children, with return to sports note being authorized before 
12 months postoperatively, sometimes even 14 months in younger patients. In fact, this 
delayed return to sports stems primarily from the slower ligemantization of the graft seen on 
MRI in children compared to adults, but also from an increased risk of ACL failure from early 
return to sports [36,37]. 

 

Figure 11: Slip knot tightened deep into the operative field. a: the left hand holds both strands 
as the suture is passed in the lesion, the right strand being the longer one. b: the right strand 
is passed three time around these two. c: the right strand is then passed from the top to the 
bottom through the preformed loop and held between the thumb and index of the left hand. 
d: while the assistant stabilizes the knee, the left hand pulls on its strand and the knot slips 
and is lowered until reaching the lesion area. e: The knot is the fastened by a throw and a two 
ƐƵƌŐĞŽŶ͛Ɛ�ŬŶŽƚƐ�;ďƵůŬǇ�ŬŶŽƚƐ�ŵƵƐƚ�ďĞ�ĂǀŽŝĚĞĚ͕�ĞƐƉĞĐŝĂůůǇ�ŝŶ�Ă�ƐŵĂůůĞƌ�ŬŶĞĞ͕�ŝŶ�ŽƌĚĞƌ�ƚŽ�ƌĞĚƵĐĞ�
subcutaneous irritation).  

d. Results 

Outcomes of meniscal repair in children have been inconsistent in the literature: In a 
multivariate analysis, Ferrari et al. reported healing rates of 33 to 100% in children treated 
with meniscal repair [6].  
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Adults treated with both meniscal repair and ACL reconstruction simultaneously have shown 
superior results when compared to patients with isolated meniscal injury. In children, these 
differences are less evident, as was shown in a study by Yang el al. [38]. Moreover, meniscal 
healing is more difficult to assess in children, and some patients may be completely 
asymptomatic and show no signs of meniscal healing on imaging [22]. 

Lucas et al. found that up to 68% of patients treated with isolated meniscal tears and who 
were treated by sutures showed signs of healing, whereas Krych et al. reported that up to 
74% of patients with both a meniscal tear and an ACL injury showed signs of healing [10,39]. 
Thus, outcomes between children and adults seem comparable, although studies directly 
comparing meniscal healing rates between isolated meniscal tears and meniscal tears 
associated with ACL injuries in children are still lacking.  

Concerning the repair of the meniscal ramp, data on the outcomes remain scarce. In one 
systematic review, Alessio-Mazolla et al. found a failure rate of 8.3% in these cases [40].  

Conclusion  

The dogma of meniscal preservation is more appropriate than ever in children. Meniscal tears 
must be identified, and MRI must be abundantly prescribed. The majority of these injuries 
must be repaired by sutures via arthroscopy, an intervention requiring a high level of 
expertise. Meniscectomy is contraindicated in children or must be limited to the debridement 
of small unrepairable tears. Meniscal repair is justified by its good outcomes in children, and 
by the absolute necessity of preventing the development of early osteoarthritis as early as 
young adulthood. 
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There has been an increase in sports-related trauma in children during the past decade. 
Musculoskeletal injuries in child and adolescent athletes may be related to acute trauma or 
excessive repetitive load. 

Similar to the adult population, acute trauma may lead to fractures or dislocations. However, 
dislocations are quite rare in younger children. Fractures from a direct impact are quite 
particular since they risk damaging the growth plate and occur most often in skeletons with 
a thick periosteum composed of a strong cartilaginous component.  

Acute lesions of the soft tissues, ligaments, and tendons are less frequently encountered in 
children and require particular attention during diagnostic evaluation [1]. Bony structures and 
physes are weaker than the ligaments and tendons, thus accounting for the differences in the 
proportions of these injuries in the pediatric population. Furthermore, the growth plate is 
especially fragile during growth spurts and around the time of fusion. 

Injuries secondary to excessive and repetitive load on an immature skeleton are often due to 
inapproprate training regimens in the context of high-level competition sports. There is often 
ĂƐƐŽĐŝĂƚĞĚ�ŽǀĞƌŝŶǀĞƐƚŵĞŶƚ�ĨƌŽŵ�ƚŚĞ�ĨĂŵŝůǇ�ŝŶ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ƐƉŽƌƚŝŶŐ�ĐĂƌĞĞƌ�ϭ͘ 

Imaging modalities must be chosen depending on the suspected diagnosis and the anatomic 
location of interest. Different imaging techniques assess different anatomical structures, 
possess specific limitations, and are not equally accessible, all of which must be taken into 
consideration when choosing an imaging modality. 

Conventional radiographs are generally the primary modality of choice and are the standard 
for the evaluation of bony structures. These are obtained after a thorough physical exam, 
thus justifying the need for complementary investigations. Requests for imaging must be 
made in a written format and must abide by public health regulations, thereby favoring 
dialogue between the requesting physician and the radiologist. Conventional radiographs 
may be used for the diagnosis of acute fractures, lesions secondary to excessive load, or guide 
the diagnosis toward an infectious or tumoral cause. Radiographs must be of good quality 
and undertaken only after proper pain management has been prescribed. Two orthogonal 
views are required and are eventually completed with complementary views depending on 
the physical assessment. Comparative radiographs are not recommended. In case of doubt 
on a pathological finding, references containing the different anatomical variants must be 
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ĐŽŶƐƵůƚĞĚ�ŝŶƐƚĞĂĚ͘�/Ĩ�ƚŚĞƌĞ�ŝƐ�Ă�ĚŽƵďƚ�ĚĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ƐŬĞůĞƚĂů�ĂŐĞ�(appearance of the 
epiphysis and ossification centers), the findings should instead be compared to other 
radiographs found in the picture archiving and communications systems (PACS) of the 
imaging department. The skeletons of children differ from those of adults due to the 
secondary ossification centers at the epiphyses and the apophyses. The growth plate 
separating the epiphysis from the metaphysis and the apophysis must not be misdiagnosed 
as fractures. Their aspect may lead to confusion especially on oblique views. Similarly, certain 
synchondroses, secondary ossification centers (figure 1), or accessory bones such as 
sesamoids (figure 2) may further lead confusion [2,3]. 

 
Figure 1: Anteroposterior radiographs of the right elbow of a 6-year-old girl; A) Normal aspect 
of the medial epicondyle not to be interpreted as a fracture; B) The medial epicondyle is 
displaced from the epiphysis with surrounding soft tissue edema leading to the diagnosis of a 
fracture. 
 

 

Figure 2: Right ankle radiograph of a 17-year-old boy. Presence behind the talus of an os 
trigonium. 
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Of all the synchondroses, the ischiopubic synchondrosis, a simple anatomical variant, is most 
often the source of confusion in symptomatic patients. In fact, its radiographic appearance 
may sometimes be confused with a stress injury.  

Secondary ossification centers, especially at the level of the elbow, may lead to misdiagnosis. 
Knowledge of the age of appearance of these ossification centers is of great importance (table 
1). 

 

Table 1: Age of appearance of ossification centers 

Ossification center Age of appearance (years) 
Capitellum 1-3 
Radial head 5-6 
Internal condyle 5-8 
Trochlea 11 
Olecranon 10-13 
External condyle 10-12 

Concerning the secondary ossification centers, the pelvis is an anatomical region containing 
a large number of apophyses which may be the source of acute or chronic avulsions (figure 3) 

 

Figure 3: Anteroposterior radiograph centered over the right hip in a 14-year-old boy. 
Presence of an acute avulsion fracture of the secondary ossification center of the ischium. 

Apophyses generally appear on radiographs between 13 and 15 years of age [4]. Acute 
avulsions are easily diagnosed, but when the diagnosis is missed, healing takes place with an 
extensive callus which may be mistaken for a tumor. As a result, knowledge of the age of 
appearance and fusion of the apophyses is of great clinical value. Every apophysis is the site 
of muscular insertions that are stressed by specific movements during sports (table 2).  
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Table 2: Pelvic apophyses: Muscular insertions and specific activities leading to avulsion 
fractures.  

Apophysis Muscles Sport 
Anterior superior iliac spine Sartorius and tensor fasciae 

latae 
Sprinting 

Anterior inferior iliac spine Rectus femoris Football (Soccer) 
Ischial tuberosity Semimembranosus, 

semitendinosus, biceps 
femoris 

Jumping, hurdling, 
gymnastics 

Iliac crest Internal and external 
oblique, transverse 
abdominis, Gluteus medius, 
tensor fasciae latae 

Jumping, hurdling, 
gymnastics 

Lesser trochanter Iliopsoas Jumping, dancing, 
gymnastics 

 

Accessory ossicles of the ankle and foot are frequent findings and must not be misdiagnosed 
as avulsion fractures. The absence of edema and a periosteal reaction on follow-up 
radiographs can make the distinction. 

Stress fractures must be recognized on conventional radiographs. The proximal tibia is the 
most frequent site of stress fractures in children and adolescents, whereas the 2nd metatarsal 
is more frequently encountered in adults. The fracture line is generally visible as a dense 
metaphyseal line that lies orthogonal to the axis of the tibia (figure 4). 

 

Figure 4: Anteroposterior radiograph of the left tibia in a 6-year-old boy. The dense 
metaphyseal line orthogonal to the axis of the tibia makes the diagnosis of a stress fracture.  
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These fractures may be accompanied by a periosteal reaction that may be misdiagnosed as 
ĂŶ��ǁŝŶŐ͛Ɛ�ƐĂƌĐŽŵĂ͘�dŚĞ�ĚŝĂŐŶŽƐŝƐ�ŵĂǇ�ďĞ�ŵŽƌĞ�ĚŝĨĨŝĐƵůƚ�ŝĨ�ƚŚĞ�ĨƌĂĐƚƵƌĞ�ůŝŶĞ�ŝƐ�ŶŽƚ�ǀŝƐƵĂůŝǌĞĚ�
initially. In such cases, an MRI may be of use. 

Not all lesions require extensive explorations in order to make their diagnosis. Such lesions 
include periosteal desmoids (microtraumatic lesions at the distal insertion of the 3rd adductor 
tendon situated at the posteromedial aspect of the distal femoral metaphysis) and 
osteochondroses. The essential osteochondroses include those located at the tip of the 
patella (Sinding-Larsen-Johansson syndrome),  tibial tuberosity (Osgood-Schlatter disease) 
;ĨŝŐƵƌĞ� ϱͿ͕� ŝŶƐĞƌƚŝŽŶ� ŽĨ� ƚŚĞ� �ĐŚŝůůĞƐ� ƚĞŶĚŽŶ� ŽŶ� ƚŚĞ� ĐĂůĐĂŶĞƵƐ� ;^ĞǀĞƌ͛Ɛ� ĚŝƐĞĂƐĞͿ͕�ŵĞƚatarsal 
heads (Frieberg disease), and navicular bone (Köhler disease) [5]. 

 

Figure 5: Lateral Radiograph of the left knee in a 13-year-old football (soccer) player 
presenting with chronic mechanical pain at the tibial tuberosity. The patellar tendon is 
thickened at its insertion on the tibial tuberosity. This appearance confirms the clinical 
diagnosis of Osgood-Schlatter disease. 

Certain repetitive microtraumatic lesions may be responsible for osteochondritis in athletic 
children, most notably at the level of the elbow in pitchers, as well as the knee [5,6]. The 
diagnosis is made on conventional radiographs. Complementary imaging using MRI or an 
arthro-scanner may be required if radiographs are non-diagnostic and symptoms suggest an 
injury to the articular cartilage. Similarly, repetitive stress of the growth plate may lead to 
irregular thickening, as is frequently found at the distal ends of both bones of the forearm in 
gymnasts [7]. 

The diagnosis of myositis ossificans circumscripta (heterotopic proliferation of bone and 
cartilage within muscular structures) should be made on conventional radiographs. A 
previous traumatic injury is found in half of patients and is accompanied by pain and edema. 
Conventional radiographs may initially be normal, but rapid progression toward calcifications 
with a zonal phenomenon (mineralization at the periphery with progression toward the 
center of the lesion) is observed. These two characteristics make the diagnosis of myositis 
ossificans circumscripta. Initially, CT-scans may be used to better display the zonal 
phenomenon (figure 6). 
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Figure 6: A) CT-scan with slices passing through the roof of the right acetabulum in a 12-year-
old boy presenting with supra-trochanteric inflammatory swelling. The diagnosis of myositis 
ossificans circumscripta may be made based on peripheral calcifications of an ill-defined mass 
of the gluteus medius effacing the fascia.  

 B) Anterolateral radiograph of the right hip one month after the 
CT-scan confirming the diagnosis due to its zonal effect and the rapid ossification of the lesion. 

 

The diagnosis on MRI is made using the same criteria as previously. Gradient echo sequences 
are useful for the visualization of peripheral ossification. Furthermore, a severe inflammatory 
reaction may be found and should not rule out the diagnosis of myositis ossificans 
circumscripta. 

Knowledge of the characteristics of the disease on conventional radiography avoids 
misdiagnosing normal variants as pathological or the false diagnosis a tumor leading to 
unnecessary complementary examinations, or even biopsies, which may be troublesome for 
pathologists with limited experience in musculoskeletal pathologies.  

Follow-up radiographs should be ordered after a period of physical inactivity and 
immobilization with clinical follow-ups. Nevertheless, cartilaginous structures and soft tissue 
injuries (tendons, ligaments, and muscles) are not directly visualized on conventional 
radiographs. 

CT-scans are also widely available, and most patients do not require sedation. Certain 
anatomical locations may be difficult to assess on conventional radiographs and require 
secondary evaluation by CT-scans, including the skull, spine, pelvis, hindfoot, shoulder, and 
wrist. Certain comminuted, complex fractures are also better analyzed using CT-scans [8]. 
One example is a triplane fracture of the ankle (figure 7). 
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Figure 7: 15-year-old boy presenting with a triplane fracture of the right ankle. A) 
Anteroposterior and B) lateral radiographs; C) CT-scan with coronal and D) lateral 
reconstructions; E) Anterior and F) lateral views of a 3D reconstruction using CT-scanning. 
Multiplane and 3D reconstructions allow for a more detailed evaluation of the relationships 
between the different fragments and that of the joint line.  

CT-scans allow for a better pre-operative surgical evaluation. It also visualizes any intra-
articular loose bodies and may also confirm the diagnosis of a stress fracture. CT-scans may 
be useful in certain avulsion fractures of the posterior apophyseal ring of the spine (limbus), 
thus differentiating it from a herniated disc, a rare occurrence in children and young 
adolescents. CT-scans may be ordered in order to evaluate spinal deformities and 
spondylolysis. Even though it is a powerful tool for the study of cortical bone, it exposes to 
extremely high doses of ionizing radiation. Moreover, it is limited in the study of muscles, 
tendons, ligaments, and both hyaline and fibrous cartilage. When MRI is contra-indicated, the 
evaluation of cartilage requires an arthro-scan, a powerful diagnostic tool. 

Ultrasonography has multiple advantages: widely available, inexpensive, and based on 
ultrasounds rather than ionizing radiation. It is often considered as complementary to the 
physical exam allowing the evaluation in real-time of the area of interest and allows both 
dynamic maneuvers and comparative views. It is very useful in the assessment of joint 
effusion, hematomas, and soft tissue injuries (figure 8). 

  

Figure 8: 16-year-old boy. Axial image using ultrasonography of the tibia showing a 
hematoma of the antero-medial aspect of the left tibia after a football (soccer) game.  
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Ultrasonography is under-employed since it requires the presence of a trained radiologist 
during image capture. Soft tissue lesions are generally rare in pediatrics since bones in 
children are weaker than the surrounding muscles and tendons, and the tendons of a large 
number of muscles do not insert directly on the bone at this age, but via an apophysis. Even 
though they are rare, muscle injuries can be identified by ultrasound. These lesions are more 
easily identified after a delay of 24 to 48 hours to the traumatic incident. During the first few 
hours follow the traumatic incident, soft tissue lesions may be isoechoic, which could be 
falsely reassuring [9]. Muscular lesions in older adolescents may be analyzed as in adults. 
Depending on the mechanism of injury, two types of lesions must be differentiated: extrinsic 
lesions responsible mostly for contusions, hematomas and dilacerations; intrinsic lesions 
secondary to muscular stretching. These injuries may be responsible for injuries either at the 
level of the connective tissue, ranging from thickening of the muscular septum to ruptures of 
said connective tissue, or of the tendon-bone junction, ranging from simple modifications of 
muscle structure without disruption, to stripping or even avulsion and hematoma formation 
[9]. Ultrasound may also allow the grading of lesions [10]. Findings on sonography are 
generally conveyed by specialized sonographers.  

Sonography is sometimes requested by specialized teams in order to assess the severity of a 
ligamentous injury and to guide management. This modality may sometimes diagnose certain 
fractures but may also misdiagnose certain bony lesions. As a result, in the assessment of 
bony injury, ultrasonography should be considered as a complementary technique to 
radiography. 

MRI is a technique that does not rely on ionizing radiation and, due to its high spatial 
resolution and excellent contrast resolution, is the best available all-in-one method for the 
exploration of anatomical structures in their entirety, especially when radiographs are non-
diagnostic. Due to its excellent contrast resolution, it may differentiate cartilaginous 
structures (joint cartilage, epiphysis, fibrocartilage, and growth plate). It is routinely utilized 
in the evaluation of the knee and, more particularly, in the assessment of meniscal (figure 9) 
and ligamentous injuries. These injuries are similar to those found in adults, and their 
frequency may vary according to sex; injury to the anterior cruciate ligament is less frequently 
encountered in girls compared to boys [11]. 

 

Figure 9: MRI of the knee in a 15-year-old boy. Sagittal view using proton density and fat 
saturation images passing with slices passing through the medial meniscus. A linear meniscal 
tear is seen extending toward the free edge of the meniscus. 

MRI also allows better visualization of traumatic osseocartilaginous lesions that are 
frequently encountered at the level of the knee. At the level of the hip, osseous lesions 
(osteochondritis, slipped capital femoral epiphysis) have been thoroughly studied, but no 



89 
 

relations to sports have as of yet been elucidated. However, labral tears have shown a clear 
association to sports, and may be evaluated using MRI [12]. MRI is an effective technique for 
the exploration of the spine, even though CT-scans may be used but limited in their utility. It 
is the modality of choice in the exploration of spinal cord and nerve root injuries, especially 
when neurological signs are encountered on physical exam. MRI is particularly useful for the 
assessment of pathologies of the intervertebral discs and the limbus. As a result, MRI may  
differentiate between a herniated disc and an avulsion fracture of the posterior apophyseal 
ring. MRI is generally not the imaging modality of choice for the evaluation of muscles in 
general except for the muscles of the shoulder and pelvic girdles, especially in patients 
complaining of pain in the inguinal area [13]. It is also indicated in patients presenting with 
pain refractory to conservative treatment. Moreover, MRI is useful in the diagnosis of bony 
contusions and may provide insight in patients presenting with chronic pains without 
identifiable lesions (figure 10). 

  
Figure 10: 16-year-old girl presenting with right knee pain 3 months after initial trauma 
without identifiable bony lesions. Coronal view using T2-weighted sequences with fat 
saturation, more specifically Short-Tau Inversion Recovery (STIR). An isolated bony contusion 
is identified explaining the pain experienced by this patient. 

MRI is an essential technique when an incidental finding of a potentially aggressive lesion is 
made on conventional radiographs in the setting of sports-related trauma and must also 
precede any biopsies. Contrarily, immediate use of an MRI instead of conventional 
radiographs may lead to misdiagnosis and unnecessary complementary examinations, 
including biopsy. These may prove difficult to analyze by pathologists and may lead to further 
errors in diagnosis (e.g. stress fractures and myositis ossificans). 

Even though the demand for MRI is increasing, urgent accessibility remains limited. It also 
requires a cooperative child since certain positions during acquisition may be uncomfortable. 
This technique is very sensitive, and the quality of the image may be altered by numerous 
artefacts, two of the most frequent being movement artefacts and artefacts due metallic 
foreign bodies. Absolute contra-indications to MRI (electronic materials, metallic bodies 
susceptible of being dislodged or causing burns) must be eliminated before the exam is 
undertaken. T1-weighted images are obtained in order to verify bone marrow signal, a signal 
that normally varies with age due to fatty infiltration of the bone marrow. The most sensitive 
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sequence for the detection of bony and soft tissue lesions is Short Tau Inversion Recovery 
(STIR): T2-weighted sequence associated with fat saturation. The majority of these lesions 
have a decreased signal intensity on T1 and an increased signal intensity on T2-weighted 
images. T2* allows for a better visualization of the cartilages and, more specifically, the 
growth plate. Proton density with fat saturation are optimal in the assessment of the different 
joints.  

Injection of contrast material has not been approved in France for use in children. As a result, 
pediatric orthopedic surgeons working in France avoid ordering arthro-MRIs. Intravenous 
injections of gadolinium are generally not necessary but may be useful in the analysis of tissue 
perfusion, especially when the diagnosis of osteonecrosis is considered, or the vascular supply 
of the growth plates or related pathologies must be evaluated. When infection or malignancy 
is shown, IV injection of contrast is recommended. 

In conclusion, imaging modalities that provide digital slices of the body have become common 
practice in the exploration of a large number of clinical scenarios related to sports in pediatric 
patients. However, as a rule, radiography remains the initial imaging modality. 
Ultrasonography is utilized for the exploration of muscular and tendinous lesions, rare 
findings in the pediatric population, CT-scanning is limited in its indications, and MRI has 
excellent contrast resolution and its radiation-free nature has many uses. 
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Introduction  

Osteochondritis dissecans of the knee is a localized alteration of subchondral bone that 
affects the bordering articular cartilage that may progress to instability of the fragment. The 
natural history of the disease may lead, in its most severe form, to loosening of the 
subchondral osseous fragment and liberation within the joint [1]. 

The juvenile form must be differentiated from the adult form. It manifests during infancy; 
most frequently starting at preadolescence and affects children with open physes [2]. The 
pathophysiology is not well elucidated, although repetitive microtrauma is known to play a 
major role in physically active children, especially in high-level athletes. 

Radiographic diagnosis 

Conventional radiographs  

Technique 

Most cases of osteochondritis dissecans can be diagnosed on conventional radiographs, the 
primary imaging modality of choice in patients complaining of knee pain [3]. Along with the 
classic anteroposterior and lateral views, complementary views may be useful, such as a 
tunnel view, where the beam is directed with a certain inclination relative to the film thereby 
optimally visualizing the posterior aspect of the femoral condyles, a frequent location of these 
lesions (figure 1) [2]. A tunnel view is more easily realized than the Schuss view, in which the 
patient must be placed in a standing position, sometimes difficult to perform in children. 
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Figure 1: Tunnel view  

Location and diagnosis  

On lateral views of the knee, the majority of these lesions are located within the subchondral 
bone at the level of the medial femoral condyle and situated between two lines: The line first 
is extended anteriorly relative to the intercondylar roof (Blumenstaat line); The second is 
extended distally from the posterior cortex of the distal femoral diaphysis (figure 2) [4]. 

  

Figure 2: Locations of osteochondral lesions on a lateral radiograph of the knee.  

On anteroposterior radiographs of the knee, osteochondral lesions are most often located on 
the medial femoral condyle (80% of cases). The most frequent and classic location is the 
lateral (intercondylar) aspect of the medial femoral condyle, followed by the extended classic 
and inferocentral locations (figures 3 and 4), and finally the lateral condyle (20% of cases) [2]. 

  

Figure 3: Usual locations of osteochondral lesions on anteroposterior radiographic views of 
the knee.  
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Figure 4: Anteroposterior and lateral radiographs of the knee. Stage 3 extended intercondylar 
osteochondritis dissecans at the level of the middle third of the medial femoral condyle 
(arrow).  

The lesions may be divided into 4 stages based on a simplified radiographic classification 
(figures 4 and 5) [5]:  

- Stage 1: lacunar lesions with radiolucent recess.  
- Stage 2: nodular structure with condensed osseous sequestrum that remains at the 

same level as the condyle. 
- Stage 3: Sleigh-bell aspect with condensed sequestra that are often dislodged from 

the bony surface of the condyle. 
- Stage 4: Intra-articular loose body. 

 

  

Figure 5: Radiographic classification of osteochondritis dissecans into 4 stages. 

Conventional radiographs are a reliable method for situating the lesion (differentiating medial 
and lateral condylar lesions) and measuring its size. When the fragment is ossified, the 
reliability of conventional radiographs for the evaluation of fragmentation, displacement, 
central radiographic density, borders, and contours is moderate to good. However, reliability 
decreases when it comes to estimating the radiographic density of the surrounding borders 
and epiphyseal bone [6]. 

There is no consensus on the radiographic characteristics used to monitor the healing process 
of osteochondral lesions. In fact, even a general definition of radiographic healing is lacking 
[3]. Despite these limitations, conventional radiographs have excellent reliability for the 
global evaluation of these lesions [7]. 

Finally, conventional radiographs may also be used to assess skeletal maturity and rule out 
other bone lesions [2,6]. 

Arthro-scan 
An arthro-scan is an imaging technique consisting in a fluoroscopy-guided injection of 
contrast material within the joint. A CT-scan is then undergone which visualizes the surface 
of the articular cartilage. In the context of osteochondritis, an arthro-scan may demonstrate 
the partially detached character of an osteochondral fragment. It is more frequently utilized 
in adults than children owing to its high radiation exposure. It is often substituted with an 
MRI: a powerful, non-invasive and radiation-free imaging modality. 
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MRI  

Technique  

The evaluation of child with a painful knee using MRI generally requires a T1-weighted 
sequence ʹ  most often sagittal views ʹ  and sequences with high sensibility to bony anomalies, 
especially bone edema, such as fat saturation proton density (or T2-weighted images) images 
with sagittal, coronal, and axial views. 

Location and diagnosis 

On sagittal views, if the femoral condyle is divided into 3 parts, 1/3 of osteochondral lesions 
are located at the middle third, 1/3 at the posterior third, and 1/3 between the middle and 
posterior thirds [2]. 

On coronal views, utilizing a similar division system, the majority of lesions are located at the 
intercondylar notch and the middle third of the femoral condyle (73%) [2]. 

In patients with early disease and a stable lesion, there is visible hypertrophy of the epiphyseal 
cartilage at the level of the osteochondral fragment. These alterations may be visualized on 
both MRI and histology [2,8,9]. 

The secondary physis, which is spherical in nature and responsible for the growth of the 
epiphysis, undergoes a process of circumferential enchondral ossification, similar to that of 
the primary physis which is responsible for the longitudinal growth of long bones. This 
secondary physis is clearly identified on MRI of skeletally immature children as a thin line with 
increased signal intensity, an aspect similar to that of the primary physis. Some authors 
describe an interruption of the secondary physis at the level of the osteochondral lesion, 
whereas it remains continuous at the sane portion of the femoral condyle or the contralateral 
condyle (figure 6) [2]. 

  

Figure 6: Coronal fat saturation proton density images. Primary and secondary physes (black 
arrows); osteochondritis dissecans with interruption of the secondary physis (white arrow). 
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Bone edema of the epiphysis is frequently found in children with osteochondritis dissecans 
and is generally isolated to the subchondral bone or deeper (figure 7) [2,8,10]. 

Upon histological examination, no necrosis or inflammation is found [8]. This could be the 
reflection of repetitive micro-trauma or a direct impact during physical activity and may be in 
relation with the pain described by the patient [2]. 

  

Figure 7: T1-weighted image (left) and fat saturation T2-weighted image (right); 
osteochondritis dissecans (vertical arrow) and deep edema of epiphyseal bone (horizontal 
arrow).  

Instability of the lesion 

The classic signs of instability of the osteochondral fragment described in adults are sensitive 
(100%) but non-specific (11%) in children [11]. As a result, revised criteria were described for 
the juvenile form with the addition of 3 secondary signs that, when combined, increase 
specificity to 100% [12]: 

- High T2 signal intensity rim: indicating instability only if it has the same signal 
intensity as adjacent joint fluid, most often appearing as a fluid-filled cleft between 
the osteochondral fragment and the underlying bone (figure 8) [8], not to be 
confused with certain clefts with high T2 signal intensity that correspond to fibro-
vascular tissue [13]; 

- Outer rim of low T2 signal intensity: may represent organized fibrous tissue or sclerotic 
bone at the bone-fragment interface (figure 8) [8]; 

  

Figure 8: Coronal fat saturation T2 image. Signs of instability: High T2 signal intensity rim 
surrounding the osteochondral lesion with similar signal intensity to adjacent joint fluid (white 
arrow) and outer rim of low T2 signal intensity (black arrow). 
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- Multiple breaks in the subchondral bone plate on T2 images: may indicate a larger 
degree of disorganization at the bone-cartilage interface with extensive replacement 
with fibro-vascular tissue (figure 9) [8]. 

- Cysts surrounding the lesion: indicating instability only if they are multiple or single 
with a diameter >5mm (figure 9) [3,4,12]. 

  

Figure 9: Sagittal fat saturation T2 image. Signs of instability: Multiple breaks in the 
subchondral bone plate (arrowhead) and single cyst measuring >5mm in diameter (curved 
arrow).  

However, MRI criteria of instability are absent in most lesions [12].  

In symptomatic unstable lesions, fragment characteristics on MRI will guide surgical 
management depending on the estimated viability of the fragment. An unstable fragment is 
deemed non-viable or irreversible when it is purely cartilaginous (lack of subchondral bone), 
is composed of multiple pieces, or presents a loss or damage of articular cartilage [3]. 

Differential diagnosis: normal variants of femoral condyle ossification. 

Differentiating between typical development and early osteochondritis dissecans is not 
always a simple task, especially if the child complains of non-specific knee pain [2,14]. 
Demographically, normal ossification precedes the age of appearance of osteochondral 
lesions, which are more frequently encountered in adolescence [14]. Jan et al. reported that 
age is an important factor when differentiating between these two entities, since variations 
in ossification do not appear in girls older than 10 years of age and in boys older than 13. 
Furthermore, osteochondritis dissecans is generally not seen in children younger than 8 years 
of age. Moreover, if the growth plate is almost fused and the lesion extends toward the 
intercondylar region, then an ossification variant is less probable [10]. Distinguishing between 
typical development and osteochondral lesions is often possible on MRI [14], with signs of 
normal variants of ossification including signal intensity anomalies located exclusively at the 
posterior inferocentral condyle, an intact articular cartilage, accessory ossification centers 
(sometimes visible as spiculations), absence of bone edema, and no intercondylar extension 
in the coronal plane (figure 10) [2,3,14]. 
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Figure 10: Sagittal T1 image. Variant of normal ossification (arrow).  

Finally, the continuity of the secondary physis may also differentiate between normal 
ossification variants and osteochondral lesions [2]. 

If an osseous defect of the femoral condyle is considered as a normal ossification variant, 
surveillance with follow-up imaging is generally not indicated, except if the pain persists [14]. 

Conclusion  

The radiographic diagnosis of osteochondritis of the knee is made most often on 
anteroposterior and lateral radiographs. These radiographs are indicated when a patient 
presents with knee pain, which is sometimes chronic and ill-localized. Radiographs are used 
to determine the location of the lesion, its extension, and the radiographic stage. MRI further 
confirms the diagnosis, allows the analysis of the articular cartilage, and displays signs of 
instability. The main differential diagnosis of osteochondritis dissecans of the knee is a normal 
ossification variant of the femoral condyle and depends on the clinical scenario, notably the 
age of the child, the location of the lesion, and its characteristics on medical imaging.  
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Is there a place for surgical management in 
ĂĚŽůĞƐĐĞŶƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͍ 
F.X. Lambert, C. Decante, E. Mayrargue, S. Guillard, A. Chalopin, A. Hamel 

 

Introduction  

^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͕�Žƌ�ŽƐƚĞŽĐŚŽŶĚƌŝƚŝƐ�ĚĞĨŽƌŵĂŶƐ�ũƵǀĞŶŝůŝƐ�ĚŽƌƐŝ͕�ǁĂƐ�ĨŝƌƐƚ�ĚĞƐĐƌŝďĞĚ�ŝŶ�
1920 by Danish orthopedic surgeon and radiologist Dr Holger Wefel Scheuermann who 
ƌĞƉŽƌƚĞĚ�Ă�ƐƚŝĨĨ�ƚŚŽƌĂĐŝĐ�ŚǇƉĞƌŬǇƉŚŽƐŝƐ�ŝŶ�ǇŽƵŶŐ�ĂƉƉƌĞŶƚŝĐĞ�ǁĂƚĐŚŵĂŬĞƌƐ�ϭ͘�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�
disease is one of the most frequent causes of back pain in adolescents [2-6], with an incidence 
varying between 0.04 and 10% [2,7-10]. Nevertheless, an increase in prevalence was 
observed between 2003 and 2012, increasing from 3.6 to 7.5 per 100,000 [11]. 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŽĐĐƵƌƐ�ŵŽƐƚ�ĨƌĞƋƵĞŶƚůǇ�ŝŶ�ĐŚŝůĚƌĞŶ�ĂŐĞĚ�ϴ�ƚŽ�ϭϮ�ǇĞĂƌƐ�ŽůĚ͕�ǁŝƚŚ�ƐƚŝĨĨĞr 
forms concerning primarily the ages 12-16 years [9]. There is a clear male predominance with 
a male to female ratio of 2:1 [11].  

dŚĞ� ĞƚŝŽůŽŐǇ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ƌĞŵĂŝŶƐ� ƵŶŬŶŽǁŶ͘�DĞĐŚĂŶŝĐĂů� ĨĂĐƚŽƌƐ� ŚĂǀĞ� ďĞĞŶ�
considered with associations to a bad posture or obesity, but no evidence has been found. 
According to a Danish cohort study on 35,000 twins, 74% of cases were hereditary [12] and 
1.8% were due to a syndrome, mostly Prader-tŝůůŝ�ĂŶĚ�DĂƌĨĂŶ͛Ɛ�ƐǇŶĚƌŽŵĞ�ϭϭ͘ 

dŚĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�includes physiotherapy, orthopedic treatment with 
ďƌĂĐŝŶŐ͕� ĂŶĚ� ŽĐĐĂƐŝŽŶĂůůǇ� ƐƵƌŐĞƌǇ͘� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ŝƐ� ĐŽŶƐŝĚĞƌĞĚ� Ă� ĚĞǀĞůŽƉŵĞŶƚĂů�
disorder as it progresses during growth. Nevertheless, the natural history of this disease 
during adulthood remains unknown, thus making surgical intervention controversial. 

Clinical features 

^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ŝƐ� ĐŚĂƌĂĐƚĞƌŝǌĞĚ� ďǇ� ƚŚŽƌĂĐŝĐ� Žƌ� ƚŚŽƌĂĐŽůƵŵďĂƌ� ŚǇƉĞƌŬǇƉŚŽƐŝƐ�
associated with lumbar and cervical compensatory hyperlordosis in order to maintain proper 
sagittal balance. Progression toward stiffness may cause pain and important aesthetic 
complaints in adult patients. Hamstring and iliopsoas tightness, and stiffness of the shoulder 
girdle may also be associated. Furthermore, one third of patients present with non-structural 
scoliosis and/or L5-S1 spondylolisthesis [2]. 

dŚĞƌĞ� ŝƐ�ŽĨƚĞŶ�ĐŽŶĨƵƐŝŽŶ�ďĞƚǁĞĞŶ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂŶĚ�ƉŽƐƚƵƌĂů�ŬǇƉŚŽƐŝƐ͘��ůŝŶŝĐĂůůǇ͕�
patients with postural kyphosis have a flexible kyphotic deformity and do not present with 
hamstring tightness [13]. 

WƐǇĐŚŽůŽŐŝĐĂů� ĚŝƐƚƌĞƐƐ� ŵĂǇ� ĂůƐŽ� ďĞ� ĂƐƐŽĐŝĂƚĞĚ� ǁŝƚŚ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ĂŶĚ� ŝƐ� ŽĨƚĞŶ�
underestimated. In a series of 1,070 pediatric subjects, Hom et al. found an associated 5.5% 
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rate of depression and 4.5% rate of anxiety in patients with ScheuermanŶ͛Ɛ� ĚŝƐĞĂƐĞ͕��
compared to only 1.7% and 0.8% in the general population, respectively [11]. 

 

Radiographic features 

dŚĞ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ĚŝĂŐŶŽƐŝƐ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ƌĞůŝĞƐ�ŽŶ�ĐĞƌƚĂŝŶ�ĐƌŝƚĞƌŝĂ�ĞƐƚĂďůŝƐŚĞĚ�ďǇ�
Sorensen in 1964 [14]. Anterior wedging across 3 consecutive vertebrae superior to 5° 
confirms the diagnosis [14]. Vertebral endplate irregularities with intervertebral disc 
herniations through the vertebral endplate (Schmorl nodes) may also be found [2,15].  

The stiffness of the kyphotic deformity is best evaluated on hyperextension views.  

Alterations in spinal sagittal balance on whole spine sagittal radiographs must be evaluated 
by drawing a vertical line passing through the center of the auditory meati. This line usually 
passes just posterior to the femoral heads. Global sagittal alignment is also assessed by 
measuring the spino-sacral angle, spinal tilt, and spino-pelvic tilt [16]. Alterations in spinal 
sagittal balance have a much more significant impact on the quality of life of these patients 
than on aesthetics and determine the progression of the disease [17-20]. 

MRI may be useful as a complement to conventional radiographs in order to assess the 
severity of inter-vertebral disc disease and to evaluate the entirety of the Schmorl nodes and 
endplate irregularities. Finally, spinal cord anomalies that may or may not be secondary to 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĐĂŶ�ĂůƐŽ�ďĞ�ƐĐƌĞĞŶĞĚ�ϱ͕Ϯϭ͕ϮϮ͘ 

EĂƚƵƌĂů�ŚŝƐƚŽƌǇ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ 

^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ� ŝƐ�Ă� ƐƉŝŶĂů�ƉĂƚŚŽůŽŐǇ�ŽĐĐƵƌƌŝŶŐ�ƉƌŝŵĂƌŝůǇ�ĚƵƌŝŶŐ� ƚŚĞ� later stages of 
growth, with a natural history that remains difficult to elucidate. Nonetheless, symptoms tend 
to decrease during adulthood, whereas a slight increase in the kyphotic deformity may be 
observed during aging. However, in some patients, the kyphotic deformity progresses during 
adulthood and causes, besides important aesthetic consequences, mechanical pain and 
neurological complications [23]. 

Bartynski et al. studied the mean thoracic kyphosis and lumbar lordosis in patients without 
spinal disease [24]. Their results showed that, in young adults (18-35 years old), thoracic 
kyphosis was in average 27°, whereas in patients aged 65 years or older, it was 42°. Other 
ĂƵƚŚŽƌƐ�ŚĂǀĞ�ƐƵŐŐĞƐƚĞĚ�ƚŚĂƚ�Ă�͞ŶŽƌŵĂů͟�ŬǇƉŚŽƐŝƐ�ǀĂƌŝĞƐ�ďĞƚǁĞĞŶ�Ϯϳ�ĂŶĚ�ϰϰΣ�ŝŶ�ĂĚŽůĞƐĐĞnts 
[15,25], and between 20 and 50° in adults [26-Ϯϴ͘�^ƚĂŐŶĂƌĂ�Ğƚ�Ăů͘�ƐƵŐŐĞƐƚĞĚ�ƚŚĂƚ�Ă�͞ŶŽƌŵĂů͟�
kyphosis or lordosis does not exist, and that these values are only indicative and not 
normative [28]. 

In a study published in 2017, Ristolainen et al. followeĚ� ϭϵ� ƉĂƚŝĞŶƚƐ�ǁŝƚŚ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�
disease who were treated non-operatively with an average follow-up of 46 years and 
concluded that the deformity progressed slowly [29]. This progression, however, did not 
predict the appearance of symptoms. Mean age at final follow-up was 64.7 years, and 
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patients had a mean kyphosis of 60°. In their series, kyphosis progressed by 14° but non-
uniformly. Progression of the kyphotic deformity <10° was found in 42% of patients, and >20° 
in 32% of patients. A progression of 32° was reported in 3 cases (one female aged 65 years 
old in whom kyphosis increased from 48° to 80° over 36 years; two males, one aged 73 years 
old in whom kyphosis increased from 28° to 60° and one aged 76 years old in whom kyphosis 
increased from 50° to 82° over 59 years). The severity of the kyphotic deformity at the time 
of diagnosis did not predict progression of the deformity. No significant differences in terms 
of quality of life were found in patients with more progressive curves. Moreover, a significant 
increase in vertebral body wedging and lumbar lordosis was observed. 

/Ŷ�Ă�ƐƚƵĚǇ�ĐŽŶĚƵĐƚĞĚ�ŽŶ�ϲϳ�ƐƵďũĞĐƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂŶĚ�Ă�ĐŽŶƚƌŽů�ŐƌŽƵƉ͕�DƵƌƌĂǇ�
et al. found that, after a mean follow-up of 32 years, patients who had not been operated 
presented certain functional restrictions but without major limitations to activities of daily 
ůŝǀŝŶŐ�ϯϬ͘�WĂƚŝĞŶƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂůƐŽ�ƌĞƉŽƌƚĞĚ�ŵŽƌĞ�ďĂĐŬ�ƉĂŝŶ�ĐŽŵƉĂƌĞĚ�ƚŽ�
controls, with no limitations in activities of daily living or during work. In fact, no differences 
were found based on the type of work, the number of days absent from work due to low-back 
pain, aesthetic complaints, painkiller use, participation in hobbies, and the presence of 
numbness in the lower extremities. Furthermore, patients with thoraco-lumbar deformities 
presented with more functional limitations than purely thoracic deformities. No differences 
ǁĞƌĞ�ĨŽƵŶĚ�ďĞƚǁĞĞŶ�ƐƵďũĞĐƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂŶĚ�ĐŽŶƚƌŽůƐ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ŵĂƌŝƚĂů�
status, but patients with a kyphosis >85° were more frequently single and had a lower 
pulmonary capacity. 

/Ŷ� Ă� ƐƚƵĚǇ� ĐŽŶĚƵĐƚĞĚ� ŽŶ� ϰϵ� ƐƵďũĞĐƚƐ�ǁŝƚŚ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ǁŚŽ�ǁĞƌĞ� ƚƌĞĂƚĞĚ�ŶŽŶ-
operatively with a mean follow-up of 37 years, Ristolainene et al. found a higher prevalence 
of back pain and limitations in activities of daily living compared to the general population 
[31]. However, this increased prevalence was not correlated to the severity of the kyphosis. 
In fact, no differences in the intensity of the back pain or functional limitations were found 
between subjects with a kyphosis <40° and >60°. 

Treatment 

Conservative treatment 

dŚĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĚĞƉĞŶĚƐ�ƉƌŝŵĂƌŝůǇ�ŽŶ�ƚŚĞ�ŝŶƚĞŶƐŝƚǇ�ŽĨ�ƚŚĞ�ƉĂŝŶ͕�ƚŚĞ�
development of neurological or cardiopulmonary complications, aesthetic considerations, 
and the degree and progression of the deformity, all the while taking into account the residual 
growth of the spine. 

Physiotherapy includes softening of the hips and stretching of the hamstrings as well as the 
spinal erectors and stabilizers. Although physiotherapy does not slow the progression of the 
disease, it is still recommended for symptomatic patients presenting with a stiff curve and 
may even be complementary to bracing in order to counteract the stiffness of the deformity. 
In a sƚƵĚǇ�ĐŽŶĚƵĐƚĞĚ�ŽŶ�ϯϱϭ�ƐƵďũĞĐƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂŐĞĚ�ϭϳ�ƚŽ�Ϯϭ�ǇĞĂƌƐ�ŽůĚ͕�
Weiss et al. found a significant decrease of pain (16-32%) with physiotherapy, thereby 
suggesting the positive effects of this type of management on the primary complaint of this 
disease in young adults. 
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Treatment by bracing in patients during growth may improve the kyphotic deformity and even 
lead to vertebral remodeling. Nonetheless, once the brace has been weaned, a loss of 
correction is often observed and may even reach 30% [30-34]. Flexible kyphosis, early 
management with a deformity <65°, an initial correction >15° with a brace, and a residual 
growth of the spine of at least 1 year are factors of good prognosis when treatment with a 
brace is considered [32,33]. A stiff kyphosis with a deformity >65°, vertebral wedging >10°, 
and a finished spinal growth are considered as risk factors for failure of treatment by bracing. 

Surgical treatment 

Indications 
Indications for surgical management are controversial, and objective assessments are scarce 
ŝŶ�ƚŚĞ�ůŝƚĞƌĂƚƵƌĞ͘�dŚĞ�ůĂƌŐĞ�ǀĂƌŝĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ŶĂƚƵƌĂů�ŚŝƐƚŽƌǇ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ƌĞŶĚĞƌƐ�
an estimation of the risk-benefit ratio of surgical management difficult to establish. 
�ĚĚŝƚŝŽŶĂůůǇ͕�ƐƵƌŐĞƌǇ�ŝŶ�̂ ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŝƐ�ĐŽŵplex and may lead to potentially serious 
complications [34]. According to the Scoliosis Research Society, less than 1% of spine surgeries 
ĂƌĞ�ĐŽŶĚƵĐƚĞĚ�ŽŶ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ�ϯϱ͘�dŚĞ�ĨƌĞƋƵĞŶĐǇ�ŽĨ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ǁŚŽ�Ăre managed operatively is actually stable [11], with recently 
published series indicating an apparent increase [36].  

Although the severity of the deformity in the sagittal plane is a major criterion leading to 
surgical management in patients with ScheuermĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ͕� ƚŚĞ� ĂŶŐƵůĂƌ� ŬǇƉŚŽƚŝĐ� ǀĂůƵĞ�
does not seem to be the primary factor in surgical decision-making. The threshold of the 
sagittal Cobb angle indicating the need for surgery varies greatly between publications [34,37-
44]. Furthermore, Polly et al. found no differences in maximal Cobb angle between operated 
(70°) and non-operated (73°) subjects [45]. The majority of authors recommend surgical 
management in progressive deformities that are superior to 60-75° and not controlled by 
bracing, in patients with back pain resistant to lifestyle modifications (physical activity, 
NSAIDS >6 months), appearance of neurological or cardiopulmonary complications, or in case 
of significant aesthetic complaints [23,34,38-40,46-55]. Patients and their families must be 
made aware of the expected benefits and the risks of surgery. The evaluation of global sagittal 
alignment is paramount, especially in thoraco-lumbar deformities, since these locations 
disrupt the harmony of the different curves in the sagittal plane and alter the sagittal 
alignment of the spine.  

�ĂƌĞ�ŵƵƐƚ�ďĞ�ƚĂŬĞŶ�ĂƐ�ƉĂƌĞŶƚƐ�ŽĨ�ĐŚŝůĚƌĞŶ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ƐƵĨĨĞƌŝŶŐ�ĨƌŽŵ�ďĂĐŬ�
pain and aesthetic complications may pressure surgeons into adopting certain treatment 
modalities [45]. 

Surgical technique: Anterior, posterior or combined approach? 

In 1975, Bradford et al. were the first to report a series of 22 patients who were treated 
surgically by posterior fusion using only the Harrington technique [56]. They reported a mean 
correction of 25° (reduction from 72 to 47°) and a mean loss of correction of 21° in 16 patients 
(72% of cases) [23]. 
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In order to avoid this loss of correction, a combined approach with anterior release and 
posterior fusion was long considered the gold standard in treatment and was particularly 
recommended for the treatment of severe and stiff deformities [37,43,46,55,57-61]. As other 
surgical options were developed, specifically pedicle screws, very satisfying results by 
posterior approach only have been reported. In fact, multiple studies have concluded that the 
quality of the correction is comparable between posterior-only and combined approaches. 

In fact, combined approaches are associated with higher complication rates than a posterior-
only approach [7,11,41,62]. The posterior-only approach leads to less blood loss, decreased 
operative times, and seems to decrease the risk of adjacent segment disease [42,62,63]. In 
their case series, Riouallon et al. found no significant differences in complication rates 
between the two methods and reported 3 types of complications that were specific to the 
anterior approach [61]. Mizashahi et al. did not show any complications in patients treated 
with a posterior-only approach [64]. Furthermore, the length of hospital stay was longer for 
patients operated by a combined approach [11,36]. 

The majority of authors report no significant loss of correction in the posterior-only approach 
compared to the combined approach [58,61,62,65,66], except for Temponi et al. who found 
that the combined approach showed less loss of correction [7]. As a result, the number of 
ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ�ƚƌĞĂƚĞĚ�ďǇ�ƉŽƐƚĞƌŝŽƌ�ĨƵƐŝŽŶ�ǁŝƚŚŽƵƚ�ĂŶƚĞƌŝŽƌ�ƌĞůĞĂƐĞ�
has significantly increased from 34 to 78% between the years 2000 and 2008 [11,36]. 
Furthermore, complication rates have decreased from 22.6% to 15.5% during the same time 
frame (a rate that still remains especially high) [11,36]. 

Ponte or Smith-Peterson osteotomies during a posterior-only correction allows for better 
correction [57,58,64,65,67]. Correction of the deformity by posterior compression without 
osteotomy lengthens the anterior column of the spine and increases the risk of spinal cord 
elongation and of anterior spinal artery spasms. One or more osteotomies around the apex 
of the deformity would shorten the posterior column without lengthening the spine 
anteriorly, and thereby decrease the risk of neurological complications. 

Implant density has also been evaluated. It is commonly believed that an increase in the 
density of the implants favors the correction of kyphosis. However, Behrbalk et al. showed a 
similar correction between an implant density of 100% and 50% around the apex of the 
deformity [38]. The decrease in implant density is associated with a decrease of complications 
by 50% and surgical cost by 32% [38]. Finally, no significant differences were found between 
a posterior-only approach and a combined approach in terms of pain, functional outcome, 
and aesthetic satisfaction [61,62]. 

Level of instrumentation 

^ƵƌŐĞƌǇ�ĨŽƌ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŵƵƐƚ�ŝnclude the entire kyphotic deformity. The choice of 
proximal and distal instrumentation levels and the degree of correction is not clearly 
elucidated in the literature. For some authors, correction of the kyphotic deformity must not 
surpass 50% [34], with a post-operative thoracic kyphosis ranging between 40 and 50° 
[16,43,53,68-70]. In fact, over-correction increases the risk of proximal junctional kyphosis 
(PJK), whereas under-correction would maintain the compensatory hyperlordosis at the 
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lumbar level which would accelerate spinal degeneration in the long term [71,72]. In order to 
prevent the occurrence of PJK, the upper instrumented vertebra should be chosen as the 
most proximal vertebra that is included within the thoracic kyphotic deformity [55,60]. 

Recently, some authors have studied the relationship between pelvic and sagittal parameters. 
An analysis of these parameters allows to predict the estimated post-operative lumbar 
lordosis, and by conjunction, the thoracic kyphosis [16,19,69,70,73]. It has been shown that 
ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĚĞǀĞůŽƉŝŶŐ�W:<�ĂĨƚĞƌ�ĐŽƌƌĞĐƚŝŽŶ�ŽĨ�ƚŚĞŝƌ�ŚǇƉĞƌŬǇƉŚŽƐŝƐ�
were those with a high pelvic incidence and a significant post-operative deficit in lumbar 
lordosis [41,74]. As a result, the correction of thoracic kyphosis must take into account the 
pelvic incidence. Nasto et al. have established an equation for the prevention of such a 
phenomenon [74]: %LL correction = 0.66 x (%TK correction) ʹ 2. 

The choice of lower instrumented vertebra remains controversial in the literature. This choice 
must preserve the maximum of lumbar mobility, all the while preventing distal adjacent 
segment disease, especially distal junctional kyphosis (DJK). DJK has not been well-defined in 
the literature. Zhu et al. defined DJK as a sagittal Cobb angle >10° between the superior 
endplate of the lower instrumented vertebra and the inferior endplate of the immediately 
adjacent distal vertebra [75]. Another risk factor for the development of DJK is a significant 
shift from lordosis to neutral or kyphosis of the intervertebral disc immediately distal to the 
lower instrumented vertebra. In a meta-analysis by Gong Y et al. evaluating four studies and 
ϭϳϯ�ƉĂƚŝĞŶƚƐ͕�ϮϬ͘ϴй�ŽĨ�ƉĂƚŝĞŶƚƐ�ǁŚŽ�ǁĞƌĞ�ŽƉĞƌĂƚĞĚ�ĨŽƌ�̂ ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĚĞǀĞůŽƉĞĚ��:<�
post-operatively, and 27.8% of those with DJK required revision surgery [76]. 

Cho et al. developed the concept of the stable sagittal vertebra (SSV) [77]. This is defined as 
the most proximal lumbar vertebral body bisected by the vertical line from the posterior-
superior corner of the sacrum. The first lordotic vertebra (FLV) is defined as the vertebra lying 
immediately distal to the most proximal lordotic disc. SSV and FLV can sometimes be 
superimposed. On the one hand, the choice of the FLV as the lower instrumented vertebra 
does not lead to higher incidences of DJK and allows for the preservation of distal motion 
segments [15,53,78]. On the other hand, the choice of the SSV as lower instrumented 
vertebra decreases the risk of adjacent segment disease [76,77,79-82]. In fact, in a series 
ŝŶĐůƵĚŝŶŐ�ϮϬ�ƐƵďũĞĐƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŽƉĞƌĂƚĞĚ�ďǇ�ƐƉŝŶĂů�ĨƵƐŝŽŶ�ĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�
FLV, Cobden et al. found that 15% of patients developed DJK postoperatively [65]. 

/Ŷ� ƐƵďũĞĐƚƐ�ǁŝƚŚ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ�ǁŝƚŚ� Ă� ƚŚŽƌĂĐŽ-lumbar kyphotic curve, Zhu et al. 
found that ending the construct on the FLV was sufficient, but that in thoracic curves, it was 
necessary to include the SSV in order to decrease the risk of DJK [75]. 

Complications 
Complication rates after surgery for Scheuermann͛Ɛ�ĚŝƐĞĂƐĞ�ĂƌĞ�ĞƐƉĞĐŝĂůůǇ�ŚŝŐŚ͘��ƌŽƵŶĚ�ϭϬй�
of subjects treated by posterior fusion report at least one complication, and 20% of those 
treated by a combined approach [11,36]. Huq et al. published a meta-analysis including 1,829 
ƐƵďũĞĐƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�Ěisease treated by surgery between the years 1950 and 2017 
[66]. Correction of the kyphotic deformity was associated with significant neurological 
complications up to 8% in this meta-analysis. The authors reported 25% instrument failure, 
14% PJK, and 14% DJK in posterior-only approaches, with 10% requiring revision surgery, as 
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well as 26% PJK, 20% DJK, 21% respiratory complications, and 6% cardiovascular 
complications in combined approaches, with 11% requiring revision surgery. 

Conclusion  

^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞase is a deformity of the growing spine with a relatively benign long-term 
natural history. Nevertheless, the deformity may progress in adulthood and lead to 
mechanical pain and neurological complications such as adult spinal deformity. 

It is difficult to predict which patients will be symptomatic during adulthood, and which 
patients could benefit from surgical treatment. A comprehensive analysis of the sagittal 
alignment must be undertaken before proposing operative treatment, which presents with a 
high rate of severe complications. If surgery is considered, recent data suggest the need for 
vertebral osteotomies and posterior spinal fusion ending on the stable sagittal vertebra. 
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Introduction  

Holger Werfel Scheuermann, a Swedish physician, described in 1920 a painful thoracic 
ŚǇƉĞƌŬǇƉŚŽƐŝƐ�ǁŚŝĐŚ�ŚĞ�ůŝŶŬĞĚ�ƚŽ�ƚŚĞ�͞ ĂƉƉƌĞŶƚŝĐĞ�ŬǇƉŚŽƐŝƐ͕͟�Ă�ĚĞĨŽƌŵŝƚǇ�ƉƌĞǀŝŽƵƐůǇ�ĚĞƐĐƌŝďĞĚ�
ďǇ� ^ĐŚĂŶǌ� ŝŶ� ϭϴϵϭ� ϭ͘� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ŝƐ� Ă� ĚŝƐŽƌĚĞƌ� ĂĨĨĞĐƚŝŶŐ� ƚŚĞ growth of the 
vertebral bodies. It corresponds to a spinal osteochondritis in children, appropriately named 
osteochondritis deformans juvenilis dorsi. The prevalence of this disease in the general 
population varies from 2 to 10% [2]. However, these estimates are generally for the typical 
ĨŽƌŵ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ͕� ƚŚĞƌĞďǇ� ƵŶĚĞƌĞƐƚŝŵĂƚŝŶŐ� ŝƚƐ� ƉƌĞǀĂůĞŶĐĞ͘ Furthermore, 
some studies show a higher prevalence in males compared to females [2]. 

^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ�ŝƐ�Ă�ĚŝƐĐŽ-vertebral pathology due to the bipedal nature and erect 
spine of human beings. It occurs at the onset of puberty, at around 11 years of age in girls and 
13 in boys. The vertebral bodies at this age are more fragile and vulnerable, and mechanical 
load leads to irregularities at the bony contours and to vertebral deformities [2]. The etiology 
ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ŝƐ� ŶŽƚ� ǁĞůů� ƵŶĚĞƌƐƚŽŽĚ� ĂŶĚ� ŝƐ� ďĞůŝĞǀĞĚ� ƚŽ� ďĞ� ŵƵůƚŝĨĂĐƚŽƌŝĂů͘� ��
multitude of factors have been suggested: Genetic predisposition; repetitive microtrauma 
(for example intensive practice in certain types of sports), especially between 8 and 12 years 
old (i.e. at the midpoint through the growth spurt); sagittal balance alterations leading to 
microtraumatic events with repetitive load on the anterior part of the vertebral bodies [2-4]. 
Growth is thus delayed at the anterior portion of the vertebral bodies and remains normal 
posteriorly, thus causing an increasingly hyperkyphotic spine during growth. The resulting 
cartilaginous and vertebral lesions are irreversible, even though the progression of the 
disease is halted at the end of growth. Patients may experience pain during adulthood 
secondary either to the vertebral deformities or to the appearance of intervertebral disc 
herniations that are probably due to the disease process itself. 

^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ�ŝƐ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�Ă�ƚŚŽƌĂĐŝĐ�ŬǇƉŚŽƐŝƐ�ƐƵƉĞƌŝŽƌ�ƚŽ�ϰϱΣ͘�^ŽƌĞŶƐĞŶ�ϱ�
described, in 1964, the radiographic characteristics of the disease. Of note, Anterior wedging 
across 3 consecutive vertebrae superior to 5° associated with a T5-T12 kyphosis superior to 
ϰϱΣ͘� dŚĞ� ĐŽŶĐĞƉƚ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ͕� ǁŚŝĐŚ� ǁĂƐ� ŝŶŝƚŝĂůůǇ� ƐƚƌŝĐƚůǇ� ƚŚŽƌĂĐŝĐ� ŝŶ� ŝƚƐ�
topography, was later extended to other spinal segments, which are deemed atypical. The 
latter are distinguished from the typical form either by a different location of the deformity 
(i.e. thoraco-lumbar or lumbar), or by the presence of distinct radiographic features. As a 
result, new radiographic criteria were described by Cleveland in 1981 [6]. In these atypical 
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forms, the presence of kyphosŝƐ�ŝƐ�ŶŽ�ůŽŶŐĞƌ�Ă�ƌĞƋƵŝƌĞŵĞŶƚ͘��ĐƚƵĂůůǇ͕�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�
includes the aforementioned typical and atypical forms, and is characterized by the presence 
of at least two of the following radiographic criteria: Anterior wedging across 3 consecutive 
vertebrae superior to 5° , T5-T12 thoracic kyphosis superior to 45°, or endplate irregularities. 

^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ƐŚŽƵůĚ�ŝĚĞĂůůǇ�ďĞ�ƚƌĞĂƚĞĚ�ŝŶ�ŝƚƐ�ĞĂƌůǇ�ĨŽƌŵƐ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ďĞŶĞĨŝƚ�ĨƌŽŵ�
the potential residual growth of the spine and limit the development of hyperkyphosis. 
Unfortunately, patients tend to present for consultation with a spine that is already stiff and 
painful. Physiotherapy may beneficial, especially in the preservation of mobility, and surgery 
is generally not indicated except in severe forms.  

1. What is the natural history of ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͍ 

It is estimated that 26% of adults have ƐĞƋƵĂůĂĞ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ϳ�ĂŶĚ�ϳϲй�ŽĨ�ƚŚĞ�
ŐĞŶĞƌĂů�ƉŽƉƵůĂƚŝŽŶ�ŚĂǀĞ�^ĐŚŵŽƌů�ŶŽĚĞƐ�ϴ͘�dŚĞ�ĞĂƌůŝĞƌ�ƚŚĞ�ŽŶƐĞƚ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͕�
the higher the risk of disease progression [4]. Less progressive forms are known to be benign. 
In the absence of marked degradation in sagittal alignment and severe inter-vertebral disc 
disease, the pain encountered during adolescence decreases with skeletal maturity and is 
rarely carried over into adulthood [9-10]. Nevertheless, it is difficult to imagine that a painful, 
deforming, and stiffening disease of adolescence could be asymptomatic during adulthood. 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�disease may be associated with persistent back pain [11-12] and spondylolysis 
[13]. Intervertebral disc disease is irreversible and may be exacerbated at the onset of 
adolescence [14-16] (figures 1A and A). Thoracic kyphosis superior to 70° generally leads to 
poorer functional results [17].Thoracolumbar and lumbar kyphosis (low pelvic incidence and 
lumbar lordosis) are not well tolerated and deteriorate faster than kyphosis purely of the 
thoracic spine. During adulthood, patients rarely complain of the aesthetic appearance of 
their backs but have a tendency to work less physically demanding jobs than their 
counterparts.  Restrictive lung disease may also be present, but only in severe kyphosis 
superior to 85°. Some neurological complications secondary to kyphosis are possible but 
exceptional (sensory deficits at the level of the trunk, nerve root or spinal cord compression 
by herniated discs, and myelopathy at the apex of the kyphosis) [18]. 

  

Figures 1A and B͗� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ŽĨ� ƚŚĞ� ůƵŵďĂƌ� ƐƉŝŶĞ� ǁŝƚŚ� degenerations of the 
intervertebral discs and the anterior margins of the vertebrae, confirmed by MRI. 

Recent studies classify the different types of backs according to the magnitude of the sagittal 
curves and spinopelvic parameters. The primary classification differentiating between varying 
types of backs is that of Roussouly [19] (figure 2). ZŽƵƐƐŽƵůǇ͛Ɛ�ĐůĂƐƐŝĨŝĐĂƚŝŽŶ�ŝƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�
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sacral slope (SS) and pelvic incidence (PI) and classifies backs into 4 different morphotypes. 
Sacral slope is the angle formed between the horizontal and the sacral plate. Pelvic incidence 
is the angle formed between a line perpendicular to the sacral plate at its midpoint and a line 
connecting this point to the femoral head axis. The advantage of pelvic incidence is that it is 
relatively stable in a given individual and varies only slightly with age. A type 1 back is defined 
as a SS <35°, with a low PI and a short and disharmonious lumbar lordosis (called a junctional 
kyphosis). Type 2 backs also have a SS <35° and a low PI and a more prolonged and 
harmonious lumbar lordosis. Type 3 backs have a SS between 35 and 45° with a good sagittal 
alignment. Type 4 backs have a SS >45° and a high PI, which characterize a spine with marked 
thoracic and lumbar curves. The lower the SS or the PI, the stiffer and flatter the spine, due 
to a lower lumbar lordosis. Contrarily, the higher these parameters, the higher the lumbar 
lordosis. Backs with a Roussouly type 1 and 2 are considered as flat backs, and types 3 and 4 
as having harmonious curves. From this classification, certain at-risk situations may be 
ŝĚĞŶƚŝĨŝĞĚ͘� /Ŷ� ĨĂĐƚ͕� ͞ĨůĂƚ͟� ďĂĐŬƐ� ĚŽ� ŶŽƚ� ĂůůŽǁ� ĂƉƉƌŽƉƌŝĂƚĞ� ĂĚĂƉƚĂƚŝŽŶ� ƚŽ� ƐŝƚƵĂƚŝŽŶƐ� ƚŚĂƚ� ĂƌĞ�
highly stressful on the spine. This is especially true when excessive axial load is placed on the 
spine, as well as during hyperextension of the spine. In the general population, Roussouly 
ƚǇƉĞƐ�ϭ�ĂŶĚ�Ϯ�ĂƌĞ�Ăƚ�ŝŶĐƌĞĂƐĞĚ�ƌŝƐŬ�ŽĨ�ĚĞǀĞůŽƉŝŶŐ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͕�ŝŶĚĞƉĞŶĚĞŶƚůǇ�ĨƌŽŵ�
their participation in physical exercise [20-21]. This was shown by Jiang who compared 55 
ĂĚŽůĞƐĐĞŶƚƐ� ǁŝƚŚ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐease to 60 control subjects [22]. Adolescents with 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ŚĂĚ� Ă� ƚĞŶĚĞŶĐǇ� ƚŽ� ƉƌĞƐĞŶƚ� Ă� ƐŝŐŶŝĨŝĐĂŶƚůǇ� ůŽǁĞƌ� ƉĞůǀŝĐ� ŝŶĐŝĚĞŶĐĞ�
compared to control subjects (32 vs. 45°, respectively). 

  

Figure 2͗�ZŽƵƐƐŽƵůǇ͛Ɛ�ĐůĂƐƐŝĨŝĐĂƚŝŽŶ͘� 
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Figure 3: Junctional kyphosis (Roussouly type 1).  

2. Can the natural history ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ be prevented?  

dŚĞ�ŶĂƚƵƌĂů�ŚŝƐƚŽƌǇ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�disease may be only partially prevented. By focusing on 
aspects that are secondary to repetitive microtrauma, it may be possible to slow the 
progression of the deformity. In fact, the only strategies having shown favorable outcomes in 
this regard are corrective orthopedic and surgical treatments.  

2.1. Prevention 

Screening of at-risk individuals is paramount, including subjects with family history of 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ͕� ĂŶĚ� ĞƐƉĞĐŝĂůůǇ� ƉĂƚŝĞŶƚƐ� ǁŝƚŚ� ůŽǁ� ƉĞůǀŝĐ� ŝŶĐŝĚĞŶĐĞ� ;ƉƌĞĚŝƐƉŽƐŝŶŐ�
lumbar and thoracolumbar osteochondritis, which are less well tolerated than the thoracic 
forms). Preventive strategies in children with kyphosis must be undertaken at the youngest 
possible age. This includes postural exercises with shoulder retropulsion. 

The following general preventive measures must be adhered to: 

- Adaptation of the profession: Prolonged sitting increases constraints on the anterior 
portion of the spine. As a result, seated positions with a curved back must be avoided 
ĂƐ�ŵƵĐŚ�ĂƐ�ƉŽƐƐŝďůĞ͕�ĂŶĚ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŵƵƐƚ�ĨĂǀŽƌ�ŶŽŶ-seated 
professions. 

- Adaptation of the work environment (chairs, tables, workstations): Ergonomic 
kneeling chairs (figure 4) may be used during prolonged sitting (homework, video 
ŐĂŵĞƐ͕�ĞƚĐ͙Ϳ͘��dŚŝƐ�ǁŽƵůĚ�ĨŽƌĐĞ�ƚŚĞ�ĐŚŝůĚ�ŝŶƚŽ�Ă�ƐƚƌĂŝŐŚƚĞƌ�ƉŽƐƚƵƌĞ͘��ůƚŚŽƵŐŚ�ŶŽ�ƐƚƵĚŝĞƐ�
have shown its effectiveness, ergotherapy may allow proper adaptation to the 
professional environment. 

- Adaptation of practiced sports: Allowed types of sports include those with limited 
jumps, shocks, blows or falls. 

- Avoiding overweight with the help of nutritionists if necessary. 
- Avoiding wearing heavy items on back (backpacks). 
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Figure 4: Ergonomic kneeling chair. The patient͛Ɛ�ǁĞŝŐŚƚ�ŝƐ�ƐƵƉƉŽƌƚĞĚ�ďǇ�ƚŚĞ�ŬŶĞĞƐ͕�ƚŚĞ�ĐŚĂŝƌ�
is lightly inclined. As a result, the patient is forced to maintain an upright posture.   

2.2. What types of sports may be safely practiced? 

Physical education at school is rarely contra-indicated. If required, the physician may provide 
a written note partially excusing the patient from sports placing high stressors on the spine 
according to the official bulletin of the ministry of education. Physical exercise is authorized 
in a recreational rather than performance capacity in order to reduce microtrauma. Activity 
levels must be monitored and limited, sports unloading the spine preferred, sufficient 
recovery time provided, and a healthy lifestyle promoted [Ϯϯ͘�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂŶĚ�
high-performance sports are not always compatible and the link between the two have been 
well established [23]. As a rule, thoracic kyphosis and lumbar lordosis have a tendency to 
increase with the number of hours per week of physical exercise [24,27]. The prevalence of 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŽĨ�ƚŚĞ�ůƵŵďĂƌ�ƐƉŝŶĞ�ŝŶĐƌĞĂƐĞƐ�ǁŝƚŚ�ƚŚĞ�ŝŶƚĞŶƐŝƚǇ�ŽĨ�ƚƌĂŝŶŝŶŐ͕�ĞƐƉĞĐŝĂůůǇ�
in boys carrying heavy weights [25].  

/Ŷ�ŚŝƐ�ƚŚĞƐŝƐ͕��ƵďŝůůĠ�ĚŝƐĐƵƐƐĞĚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂŶĚ�ŝƚƐ�ĂƐƐŽĐŝĂƚĞĚ�ĨĂĐtors in 97 young 
high-performance skiers [26]. His study showed an increased prevalence of back pain and 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŝŶ�ƚŚŝƐ�ƉŽƉƵůĂƚŝŽŶ͘�WĂƌƚĂŬŝŶŐ�ŝŶ�ŝŶƚĞŶƐĞ͕�ĐŽŵƉĞƚŝƚŝŽŶ-level alpine ski 
seems to be the principal driving force behind the appearance of this pathology. The 
mechanical loads placed on the spine during these activities are extremely high, thus placing 
all professional skiers at risk [26].  

Furthermore, intensive gymnastics increases thoracic kyphosis, especially in male athletes 
[27]. ��ƐƉĞĐŝĂůŝƐƚ�ƐŚŽƵůĚ�ďĞ�ĐŽŶƐƵůƚĞĚ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĂƐĐĞƌƚĂŝŶ�ĞĂĐŚ�ƉĂƚŝĞŶƚ͛Ɛ�ĂĐƚƵĂů�ƌŝƐŬ�ĨĂĐƚŽƌƐ͘�
Certain sports to avoid in an intensive manner are those which place high strains on the spine, 
such as activities requiring flexion of the spine thereby increasing the thoracic kyphosis. This 
includes horseback riding [28], wrestling, rugby, football (soccer), judo, field hockey, diving, 
parachuting, skiing [26,29], tennis, table tennis, and hockey [30] among others. Sports that 
theoretically should be recommended instead include those that extend spine, including 
dancing [31], rhythmic gymnastics, fitness, volleyball, handball, and backstroke swimming 
among others. Nevertheless, there is no consensus between the different studies as to the 
effects that football (soccer) [32], volleyball [33], handball [34], and tennis [35] have on 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͘�^ǁŝŵŵŝŶŐ�ŝŶĐƌĞĂƐĞƐ�ŵƵƐĐůĞ�ƐƚƌĞŶŐƚŚ�ǁŚŝůĞ�ƌĞĚƵĐŝŶŐ�ƚŚĞ�ůŽĂĚ�ŽŶ�ƚŚĞ�
ƐƉŝŶĞ͕� ďƵƚ� ŝŶƚĞŶƐŝǀĞ� ƐǁŝŵŵŝŶŐ͕� ĞƐƉĞĐŝĂůůǇ� ďƵƚƚĞƌĨůǇ� ƐƚƌŽŬĞƐ͕� ŵĂǇ� ŝŶĐƌĞĂƐĞ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�
disease of the thoracic spine [30]. 
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During the painful stages of the disease, sports is contra-indicated for an extended period of 
time. If the pain has completely disappeared and radiographic signs have stabilized for at least 
3 months, progressive return to sports may be allowed. 

When no contra-indications to physical exercise have been found during a consultation, 
preventive strategies must be highlighted. Care must be taken when physical activity 
surpasses 8 to 10 hours per week, or when joining a school sports team, sports training 
facilities or a national team. Adjustments to the volume or intensity of training may be  
suggested if they are judged to be unsuitable or poorly experienced. Children requesting 
ƉĞƌŵŝƐƐŝŽŶ�ĨŽƌ�͞ƉůĂǇŝŶŐ-ƵƉ͟�require a specific medical exam. 

3. Functional treatment  

3.1. Symptomatic treatment 

Even though hyperkyphosis is localized to the thoracic spine, pain is generally located outside 
of the stiff area, especially at the thoracolumbar junction and at the lumbar segment. The 
pain is persistent, mechanical in nature with occasional inflammatory episodes, and may 
progress in flares that may be disabling. Ergotherapy, physiotherapy, shockwave therapy, 
infrared therapy, and electrotherapy may provide pain relief. Consultation with a pediatric 
pain specialist may be particularly helpful.  

3.2. Rehabilitation 

According to a recent meta-analysis [36], rehabilitation has a positive effect on thoracic 
kyphosis. strength training in particular should be preferred: abdominal, lumbar and erector 
spinae muscles, and postural correction [29]. Effects are much less tangible in terms of lumbar 
lordosis, for which strength training and stretching must be simultaneously undertaken 
(posterior chain and iliopsoas). Hamstring tightness are a known risk factor for sagittal 
decompensation [37,38] (figures 5A and B). Postural exercises counteract posterior shift of 
the spine, pelvic retroversion, shoulder antepulsion, and anterior shift of the head [4]. 
Unfortunately, these exercises do not prevent the progression of the deformity, but may 
decrease the stiffness of the spine, especially when associated with bracing.  

  

Figures 5A and B: Adolescent with thoracic kyphosis and hamstring tightness. 
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4. Bracing 

Nonoperative treatment has two goals:  

- Limit progression of the disease and preserve the intervertebral discs by reducing the 
load on the anterior portion of the spine  

- Control the structural deformity of the thoracic kyphosis and prevent the appearance 
of compensatory curves at the lumbar and cervical segments [36]. 

In patients with higher remaining potential for spinal growth (Risser <2), correction of the 
deformity is generally more durable if spinal hyperextension during treatment allowed for 
compensatory growth of the anterior portion of the spine [39]. 

There is actually no consensus on the optimal type of brace and length of treatment. The 
effectiveness of treatment is assessed based on the restauration of acceptable sagittal 
alignment, correction of the anterior wedging of the vertebral bodies, and the appearance of 
signs of healing in case of a fracture of the marginal borders of the vertebra. Complete 
correction or ad integrum restitution of the kyphotic deformity is generally not possible, 
except for some very early cases. Intervertebral disks generally remain deformed and only 
moderate correction of the vertebral wedging is possible [40]. Bracing is generally necessary 
for a long period of time and maintained until skeletal maturity, which tends to discourage 
adolescents who are often unable to tolerate it. Even though the effectiveness of bracing has 
been established by some authors, the overall outcomes are deceiving. After weaning of the 
brace, loss of correction is expected (between 5 and 20°), suggesting that, even though 
bracing expands the anterior intervertebral space, its effects are temporary [14]. Effects are 
even less significant in the treatment of lumbar disease. Treatment must therefore be 
undertaken in the early stages of the disease, before wedging of the vertebral bodies has 
taken place. 

4.1. Immobilization 

Temporary immobilization is indicated only in acute, painful episodes with the aim of relieving 
pain, and is not recommended for prolonged use, as it may lead to atrophy of the 
paravertebral muscles. 

4.2. Corrective treatment 

When bracing is considered, a multitude of options exist, all of which must include a posterior 
support at the apex of the deformity, and 2 anterior supports parasternally in order to 
retropulse the shoulders.  

4.2.1. Corrective cast brace 

The use of a cast brace has the ultimate goal of reducing thoracic hyperkyphosis, thereby 
decreasing the mechanical load on the anterior portion of the vertebral bodies. This is meant 
restore the normal growth of the anterior part of the vertebrae and reduce wedging. The cast 
brace is inspired by the elongation-derotation-flexion (EDF) brace used in scoliotic patients. 
The indication for orthopedic treatment is generally progressive kyphosis >60° with residual 
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potential growth (and thereby the potential exacerbation in the absence of treatment) [9]. 
The spine must be relatively flexible in order to undertake this treatment (supine fulcrum 
extension test). This treatment modality is undertaken in association with physiotherapy and 
postural exercises.  

The cast is molded on a Cotrel traction table [41]. The primary posterior support must be 
situated beneath the apex of the kyphosis, on both sides of the spinous processes. Two 
anterior supports opposing the previous one are placed at the level of the pelvis and the 
manubrium sterni. Flexion of the hips during cast molding reduces lumbar lordosis by 
retroverting the pelvis. Windows allowing for the expansions of the rib cage and the 
abdominal cavity must be conceived. The anterior thoracic window must be relatively large 
allowing for the expansion of the rib cage during breathing. Depending on brace tolerance, 
sequential casting is undertaken at 2- to 3-week intervals until correction is obtained. 
Occipital-mandibular support is not recommended in this case and should be reserved for 
patients with a deformed hyperkyphosis. 

Cutaneous complications may develop at the level of the cast-skin points of contact. At the 
level of the pelvis, the window must also be large enough to allow flexion of the hips and 
avoid entrapment of the lateral femoral cutaneous nerve in the seated position. 

4.2.2. Progressive correction by the addition of felt 

Correction is obtained by progressively increasing pressure at the zones of contact with the 
addition of layers of felt to the initial cast, 2 to 3 weeks after initiation of treatment. An extra 
layer of felt is added on a weekly basis with surveillance of the skin at the zones of contact. 
Radiographic follow-up is necessary in order to assess the effectiveness of the correction. 

4.2.3. Milwaukee brace 

The principal of the Milwaukee brace may be tempting by its active auto-elongation effect on 
the trunk which tends to decrease the spinal curves in the sagittal plane. It is more frequently 
reserved for young children, although some authors have utilized it in adolescents. It may be 
undertaken as a standalone treatment or as a continuity of correction by casting [41]. 
Unfortunately, it is often badly tolerated by the patient and discontinued by almost 50% 
patients, especially those who are a little older [41]. Some authors have recommended the 
use of a thoraco-lumbo-sacral orthosis (TLSO) instead of the Milwaukee brace [42]. 

4.2.4. Rigid brace (figure 6) 

Since the Milwaukee brace is often badly tolerated, it may be replaced by a bivalve brace [13]. 
This type of brace is molded on the trunk. During the molding process, the patient must be in 
a standing position with the hips partially flexed in order to decrease lumbar lordosis. Once 
more, cutaneous complications at the contact points must be monitored. Brace-wear must 
be continued during the entire period of residual growth of the trunk. A diurnal-only use of 
the brace may be allowed. A hypercorrective night-time brace may also be prescribed, 
although it places excessive stress on the spine and may not be well tolerated. 
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Figure 6: Bivalve rigid brace 

5. Operative treatment  

The need for operative treatment ŝŶ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� remains exceptional and 
controversial. A detailed chapter has been consecrated to this end (see ͞Is there a place for 
surgical management in adoleƐĐĞŶƚƐ� ǁŝƚŚ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ͍͟� ďǇ� �ŶƚŽŝŶĞ� ,ĂŵĞůͿ͘�
Surgery is considered as the final recourse for pediatric patients who are at the end of their 
growth or in adults. It may be indicated in patients with severe kyphosis (>70°), back pain, 
neurological symptoms, and resistance to all other forms of treatment [37,38,41]. The surgical 
approach may include posterior or combined spinal fusion, with or without osteotomies of 
the apex of the deformity. Instrumentation may be hybrid or an all-screw construct. Fusion 
must be extensive, include 10-12 vertebrae, and must include the first lordotic intervertebral 
segment (often T2/T3 to L2/L3). Shorter constructs lead to post-operative loss of correction 
with the appearance of badly tolerated junctional kyphosis. In the setting of preoperative 
assessment, an MRI is ordered in search of spinal cord anomalies, herniated discs, or spinal 
cord compression at the apex of the deformity since the major risk of this surgery is the 
development of paraplegia. Nevertheless, in order minimize neurological complications, it is 
recommended not to overcorrect the kyphosis. 

6. Indications  

Indications for the choice of treatment depend primarily on the age of the child, stiffness of 
the deformity, location and number of vertebrae implicated, and refractory pain [42]. 
Thoracolumbar and lumbar disease often lead to moderate angular deformities which are 
more often painful due to the presence of Schmorl nodes; These are generally treated by 
conservative management, except in rare cases where neurological signs may be present, in 
which case surgical spinal cord decompression along with posterior spinal fusion would be 
necessary. In younger patients with thoracic disease, the deformity is rarely severe, is always 
flexible, and is manageable by conservative treatment. Rehabilitation is extremely effective 
in improving the posture, especially when the thoracic spine is flexible, and the sagittal curve 
is not extreme (45-55°). The rehabilitation strategy should concentrate on hamstring and 
pectoral stretching, as well strengthening the extensors of the spine. When the curve 
magnitude is superior to 50-55°, a full-time brace may be indicated (TLSO or Milwaukee). 
Rehabilitation may be associated with brace-wear but is in no way sufficient by itself as a 
means of correcting an already-structuralized kyphotic deformity. Conservative treatment 
must be pursued until the end of growth in order to prevent any loss of correction [12-13]. In 
adolescents, the majority of authors agree on the effectiveness of conservative treatment in 
flexible forms or in patients with a Risser<3. For patients with a stiff deformity, serial 



119 
 

corrective casting may be attempted as an initial treatment modality. A loss of correction of 
10-20° after discontinuation of conservative treatment has been reported in at least 30% of 
patients [11]. For patients with a kyphosis >70°, functional results are less satisfactory [17]. 
Severe postural alterations that accompany more advanced forms ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ 
are sources of discogenic pain at the junction between the structuralized, stiff deformity and 
the mobile segments [14]. Moreover, compensatory curves, such as lumbar and cervical 
hyperlordosis, are also sources of painful mechanical spinous process impingement. 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� Ěisease tends to resolve in males between 16 and 18 years of age, with 
possible radiographic sequellae that may not be painful. 

Conclusion  

The optimal treatment modality in Scheuermann͛Ɛ� ĚŝƐĞĂƐĞ� ŝƐ� ƉƌĞǀĞŶƚŝŽŶ͘� ,ŽǁĞǀĞƌ͕� ƚŚĞ�
majority of patients present at advanced stages where bony deformity has already been 
established and is almost impossible to reverse. The primary goal of treatment is to attempt 
to delay progression of the deformity. Conservative treatment by bracing is protracted and 
often badly tolerated by adolescents. Surgical management is exceptional and may be 
indicdated at the end of growth and only as a last resort. 
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Introduction  

Surgical management is rarely indicated in children and adolescents with spondylolysis and 
spondylolisthesis when considering the high prevalence of these two entities in the general 
population. Abstention of treatment and conservative management are much more 
frequently employed management strategies. The focus of this chapter will be on the surgical 
strategies of L5-S1, the most frequent location of spondylolysis and spondylolisthesis. 

Numerous surgical techniques have been described and the decision on which to employ 
remains controversial for both low-grade and high-grade spondylolisthesis. Different 
techniques, their results and their complications will be discussed, along with a management 
strategy based on the degree of vertebral translation and stability. 

Surgical techniques 

1. Pars repair [15] 

First described by Kimura in 1968, the goal of pars repair is to restore the continuity of the 
isthmus with a bone graft. This intervention has the theoretical advantage of conserving the 
mobility of the L5-S1 segment and requires a healthy L5-S1 intervertebral disc pre-operatively 
verified on MRI. The patient is placed prone, and a posterior midline approach is made. After 
the posterior arch is cleared, fibrous tissue at the level of the pars interarticularis is excised. 
The autologous bone graft, harvested from the iliac crest using the same incision, is placed. 

In order to ensure the graft is held firm in place, multiple fixation techniques have been 
described [5]: 

- Screw fixation through the superior articular process with an associated laminar hook 
(Morscher technique). 

- Direct fixation of the isthmus (Buck repair) (figure 1): lag screw placement through the 
lamina is often difficult due to the laminar dysplasia.  
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Figure 1: A) 10-year-old girl with symptomatic grade I spondylolisthesis resistant to 
conservative treatment. B) ŝƐƚŚŵŝĐ�ƌĞƉĂŝƌ�ďǇ��ƵĐŬ͛Ɛ�ƚĞĐŚŶŝƋƵĞ͘�ZĞƐƵůƚƐ�Ăƚ 6-year follow-up. 

- Cerclage wire around the transverse and spinous processes (Scott repair). 
- perforated screw with passage of a polyesther ligament with the strands placed 

around the L5 lamina ;�ŽŶŶĂƌĚ͛Ɛ� ƚĞĐŚŶŝƋƵĞͿ. The construct is combined with a 
Kirschner wire passing through the lamina and the pedicle in order to neutralize 
shearing forces. 

Our preference is the combination of a pedicle screw and a sublaminar hook along with a 
short rod in between (figure 2). This construct may be undertaken with most commonly used 
spinal instrumentations and allows adequate compression of the grafted area. The increased 
stability renders post-operative immobilization unnecessary [5]. 

 

Figure 2: A) 18-year-old boy with symptomatic grade I spondylolisthesis resistant to 
conservative treatment. B,C) pars repair with pedicle screws and sublaminar hooks. Results 
at 1-year follow-up.  

These different instrumentation techniques were tested experimentally by Fan et al. [3], who 
confirmed increased stability with the screw-hook construct. 

Return to full sporting activities is usually authorized 6 months postoperatively. 
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2. Posterolateral fusion (PLF) [15] (figure 3)  

 

Figure 3: A) 15-year-old boy with symptomatic, unstable, grade III spondylolisthesis. B,C) L4-
S1 posterolateral fusion. Results at 6-year follow-up. No further translation of L5 over S1 was 
observed. 

Posterolateral fusion is undergone ĂĐĐŽƌĚŝŶŐ�ƚŚĞ�tŝůƚƐĞ͛Ɛ�ƚĞĐŚŶŝƋƵĞ with the aim of in-situ 
L5-S1 and sometimes L4-S1 fusion without reduction or instrumentation. Laminectomy or 
exploration of the spinal canal are not necessary. A posterior midline incision is made 
centered on L5-S1. Subcutaneous dissection is done approximately 5cm lateral to the midline. 
After incision of the aponeurosis and passage between the multifidus and longissimus 
muscles, the L5 transverse process, the lateral portions of the L5-S1 facet joints, and the sacral 
ala are exposed. A rongeur is used to excise the fibrous tissue at the level of the pars 
interarticularis (isthmic hook) since it can be a source of localized and radiating radicular pain. 
Decortication of the L5 transverse processes, lateral portion of the L5-S1 facet joint, and sacral 
ala is carried out. Finally, cortical and cancellous bone grafts harvested from the iliac crest 
through the same incision are placed. Immobilization with a thermoformed back brace, 
crafted prior to the intervention, is prescribed for a period of 3 months. 

3. Closed reduction and fusion [15].  

This technique is used in high-grade spondylolisthesis. The goal is to achieve progressive 
reduction of the lumbosacral kyphosis followed by fusion in the reduced position. This 
technique is highly constringent and requires a cooperative child and family. Reduction is 
achieved through bipolar traction and support with a hammock. The hammock is fashioned 
out of a 20cm-wide piece of cloth with the superior ends passing directly over the 
anterosuperior iliac spines. The hammock is then progressively tightened by adding a weight 
on both sides. The weight is then progressively increased ƵŶƚŝů�ŚĂůĨ�ŽĨ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ǁĞŝŐŚƚ is 
reached and until the buttocks are suspended in the air. Reduction may be obtained within 
the first 24 to 48h. Radiographs are obtained to confirm the reduction of the lumbosacral 
kyphosis. A cast is then fashioned in the reduced position and includes both thighs. 
Circumferential (anterior and posterior) fusion is then performed while the patient is still in 
the cast, through a window that is created beforehand. The cast is left in place until 
consolidation is achieved. This technique is no longer commonly used due to its constringent 
nature. 
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4. Surgical reduction and fusion [15] (figure 4).  

  

Figure 4: A) grade IV spondylolisthesis. B,C) surgical correction with reduction with L5-S1 
anterior and L4-S1 posterior fusion. Postoperative results at 1-year follow-up. 

The goal of reduction and fusion in spondylolisthesis is the restoration of sagittal balance with 
correction of the lumbosacral kyphosis rather than reduction of the translated vertebrae. An 
L5 laminoarthrectomy is realized through a posterior approach, and the L5-S1 root are 
located. The L5 roots must be protected throughout the procedure due to the risk of 
compression within the foramen or stretching after reduction is achieved, with the risk a 
permanent postoperative deficit. L4-L5 pedicular screws are then placed. At the level of the 
pelvis, fixation may be achieved with S1-S2 screws, iliac screws, or by trans-sacral rods as per 
the Jackson technique. Under fluoroscopy, the sacral dome is resected passing by both sides 
of the dural sac using an osteotome. The rods are bent beforehand and positioned allowing 
for a progressive reduction of the lumbosacral kyphosis. At the end of correction, the L5-S1 
roots must be checked for entrapment. The iliac bone grafts are finally placed in front of the 
L5-S1 space, and posterolaterally between L4, L5 and S1. In order to increase stability, an 
intersomatic cage may be placed at the level of L5-S1, which also aids in restoring the L5-S1 
intervertebral disc height. Postoperatively, in order to release the L5 root, the patient͛Ɛ�ŚŝƉƐ�
and knees must be kept in flexion with the support of a pillow. Extension is allowed 
progressively over the following days, and then a cast brace or rigid lumbar brace with 
inclusion of the thighs is prescribed for at least 3 months. 
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5. Trans-sacral screw fixation [15] (figure 5).  

  

Figure 5: A) 18-year-old girl with Spondyloptosis. B,C) circumferential fusion through a 
posterior approach with placement of a trans-sacral screw. Postoperative radiographs at 3-
month follow-up.  

Trans-sacral screw fixation is indicated in high-grade spondylolisthesis. The patient is placed 
on cushions in the prone position, allowing partial reduction of the intervertebral translation 
and lumbosacral kyphosis. An L5-S1 laminoarthrectomy is carried out. The nerve roots and 
the dural cul de sac are retracted in order to expose the posterior aspect of the S2 vertebra. 
Under fluoroscopic control, a Kirschner wire is placed through S2 at its midline in the direction 
of the posterosuperior corner of L5. A perforated drill bit is used over the guidewire and the 
dedicated screws are placed (Medicalex®); The proximal end of the screw is curtailed allowing 
for the attachment of the posterior aspect of the S2 vertebra after adequate compression has 
been achieved. The protruding dome of S1 is resected in order to liberate the S1 vertebra and 
the L5 nerve root is checked for entrapment. L5-S1 discectomy is then carried out, and 
debridement of the L5 and S1 endplates is achieved using an osteotome and a curette. Finally, 
the iliac bone grafts are placed anteriorly in the L5-S1 intervertebral space and posteriorly 
around the posterolateral area.  

6. Lumbosacral fusion without instrumentation by anterior approach [15]. 

Lumbosacral fusion without instrumentation using an anterior approach is indicated in high-
grade spondylolisthesis as a complement to L5-S1 posterolateral fusion. The patient is placed 
supine in a hyperlordotic position. A Pfannenstiel incision is made, and the anterior aspect of 
L5 is reached by subperiosteal dissection. Using an osteotome, the middle third of L5 is 
resected. The L5-S1 intervertebral disc and the sacral dome are accessed and the L5-S1 disc 
is excised. An autologous graft harvested from either the tibia or the iliac crest is then placed. 
Postoperative immobilization is prescribed for 4 months. 

Results 

1. Low-grade spondylolisthesis.  

The most frequently utilized techniques are PLF and pars repair. Clinically, pars repair has 
satisfactory results in the majority of the reported series with 80 to 90% of the studies 
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reporting good results, ranging between 56 and 100% [5]. Return to physical exercise at the 
previous level is observed in the majority of patients. However, the isthmus may not 
consolidate in all patients. Furthermore, incertitude persists on the long-term effects of these 
interventions on the L5-S1 disc. After a 15-year follow-up, Schlenzka et al. found identical 
results between PLF and pars repair for both symptoms and lumbar mobility [19]. 

2. High-grade spondylolisthesis (superior to 50%).  

Multiple series have shown good results with in-situ fusion, all of which were carried out with 
long-term follow-up; 10 years for Seitsalo et al. [18] and 17 years for Lamberg et al. [11]. 
Circumferential fusion has been shown to provide better results than isolated posterior or 
anterior fusion [2,11]. No significant advantages were found between fusion with or without 
reduction. Alzakri et al. [1] and Mac-Thiong et al. [14] reported better results after restoration 
of the pelvic sagittal balance. Contrarily, Poussa et al. found improved results after in-situ 
fusion compared to reduction and fusion [16]. Longo et al. found identical clinical outcomes 
and no significant differences in terms of neurological complications in a systematic review 
comparing in-situ fusion (101 patients) to reduction and fusion (165 patients) [12], and the 
only difference found was the risk of non-union, with higher rates non-union in non-
instrumented cases. No advantages were found for fusion with reduction. In a recent study, 
Joelson et al. confirmed the good clinical and functional outcomes after a 30-year follow-up 
in patients treated with circumferential fusion without reduction [8]. Nevertheless, these 
patients reported a deteriorated self-image compared to the general population and related 
it to their lumbosacral deformity [9]. 

Complications  

In a series with over 600 patients, Fu et al. reported complication rates exceeding 10% [4]. In 
50% of these patients, neurological deficits were noted mostly at the level of L5 root, with 
cauda equina syndrome also being reported. Damage to the L5 nerve root is estimated at 
around 10 to 50%. The deficit is most often temporary, although it can rarely be permanent. 
The risk of neurological damage is increased in patients in who had undergone reduction [12]. 
Nonetheless, this complication may also arise in patients treated by posterolateral fusion 
without reduction, and especially in high-grade spondylolisthesis [12,17]. 

Perioperatively, the L5-S1 roots must be protected. Perioperative monitoring of the L5-S1 
roots has been proposed, although no objective results have been reported in the literature 
[12]. As was previously discussed, patients must be placed with hips and knees in flexion over 
a cushion in the postoperative period. Progressive extension is allowed in the days following 
surgery. 

Other complications include a 3% risk of infection, with no significant differences between 
reduction and in-situ fusion [4].  

The risk of non-union is higher in patients treated by in-situ fusion (18%) compared to surgical 
reduction (5.5%) [12]. 
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Complications specific to the anterior approach include vascular complications secondary to 
the proximity of the aorto-bi-iliac bifurcation and the ilio-cava venous confluence, and 
neurovegetative complications (reduced fertility) due to the proximity of the hypogastric 
plexus. 

Indications  

Operative treatment remains controversial. This is true for both the indications for surgical 
management and the surgical technique to use. The most essential element is the analysis of 
sagittal balance in order to assess the stability of the deformity [7,10,14,20]. 

Two factors are essential: sacral slope and pelvic incidence.  

- In patients with a horizontal sacrum, the deformity is generally stable due to the 
vertical orientation of the sacral plate, thereby conferring sufficient lumbar lordosis 
that is harmonious with the pelvic incidence. This is true even in patients with high 
pelvic incidence. 

- In patients with a vertical sacrum, the deformity is generally unstable due to the 
ŚŽƌŝǌŽŶƚĂů�ŽƌŝĞŶƚĂƚŝŽŶ�ŽĨ�ƚŚĞ�ƐĂĐƌĂů�ƉůĂƚĞ͕�ƚŚĞƌĞďǇ�ůŝŵŝƚŝŶŐ�ƚŚĞ�ůƵŵďĂƌ�ƐƉŝŶĞ͛Ɛ�ĂďŝůŝƚǇ�ƚŽ�
increase lordosis and to adapt to the pelvic incidence. 

As a result, if pelvic incidence is high, the slippage of L5 over S1 will usually progressively 
increase and may even rotate around the anterosuperior corner of S1 in an attempt to 
increase lordosis. This is characterized by lumbosacral kyphosis with an L5-S1 angle <90° (as 
described by Dubousset). In the majority of cases, this leads to a decompensated sagittal 
alignment and a progressive translation of L5 over S1 leading to spondyloptosis. 

1. Spondylolysis and low-grade spondylolisthesis (translation <50%)  

Stable forms 

Operative treatment in stable forms is rarely indicated and is recommended only in patients 
who remain symptomatic after conservative treatment has been attempted. As previously 
mentioned, pars repair and PLF have similar outcomes. Our preference is operative treatment 
of these patients with a direct pars repair by pedicular screws and sublaminar hooks.  

Unstable forms 

Unstable forms are rarely encountered in patients with low-grade spondylolisthesis. 
Nevertheless, knowledge of these forms is still important. In our institution, surgery is 
absolutely indicated in order to avoid further slippage of L5 over S1. L5-S1 PLF is sufficient to 
ensure stability. In fact, fusion between L5 and S1 will modify the lumbosacral alignment, with 
the superior endplate of L5 becoming the new base upon which the lumbar spine will adapt 
its lordosis. 
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2. High-grade spondylolisthesis (translation >50%)  

Stable forms 

Various studies have shown that conservative management with close follow-up is possible 
in stable forms [2,6,13]. However, after an 18-year follow-up, Harris and Weinstein [6] 
showed that patients who had been previously operated were more active. As such, in both 
symptomatic and asymptomatic patients, surgical intervention is preferred [2]. Our 
preference in this case is to operate with in-situ fusion without reduction.  

Unstable forms 

Surgery is absolutely indicated in these unstable forms with large displacement in order to 
avoid progressive translation of L5 over S1 and to relieve pain, a very complaint. 

Circumferential fusion is necessary in these patients. However, the question of reduction is 
controversial. As was previously discussed, the goal is reduction of the lumbosacral kyphosis 
rather than the translation of L5 over S1.  

Our attitude actually depends on the amount of translation. It must be taken into 
consideration that the per-operative prone position often allows partial reduction of the 
translation and, more significantly, the L5-S1 kyphosis. In grade III spondylolisthesis, reduction 
with posterior fusion and intersomatic L5-S1 cage placement may be indicated. In 
spondyloptosis, in-situ fusion with trans-sacral screws is preferred. In grade IV, choosing 
between the two techniques may be difficult. 

3. Spondylolisthesis by isthmic elongation 

This particular type of spondylolisthesis is rare but must be mentioned. The isthmus is 
elongated but not fractured and translation is generally moderate (grades I or II). Progression 
of slippage of L5 over S1 may be responsible for poorly tolerated lumbar spinal stenosis 
requiring laminoarthrectomy along with L5-S1 fusion and instrumentation. 

Conclusion  

Surgical management of spondylolisthesis must be suggested with care. It is rarely indicated 
in forms with low translation, with PLF or pars repair both providing good results in 
symptomatic patients not responding to conservative treatment. Surgery is more formally 
indicated in forms with a large displacement where circumferential fusion is indicated. 
Reduction of the deformity remains controversial. 
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Introduction  

Over a century has passed since Holder Scheuermann described a kyphotic deformity with 
anterior wedging of the vertebral bodies and characteristic irregularities of the vertebral 
endplates [1]. 

The first signs usually appear during the growth spurt at the start of puberty and no 
radiographic signs have been reported before the age of 10 years.  

^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ�ĂĨĨĞĐƚƐ�ĂƌŽƵŶĚ�Ϭ͘ϰ�ƚŽ�ϭϬй�ŽĨ�ĂĚŽůĞƐĐĞŶts aged between 10 and 14 
years old. When even minor irregularities of the ossification of endplates are considered, the 
prevalence increases to 40%. 

Pathophysiology 

1.  Histology  

Scheuermann suggested a form of aseptic necrosis of the growth plate at the level of the 
lateral vertebral margins. Schmorl and Junghans considered endplate herniations as typical 
ůĞƐŝŽŶƐ�ĨŽƵŶĚ�ŝŶ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂŶĚ�ŚǇƉŽƚŚĞƐŝǌĞĚ�ƚŚĂƚ�ĂůƚĞƌĂƚŝŽŶƐ�ŝŶ�ƚŚĞ�ĐŽŶƐŝƐƚĞŶĐǇ�
of the cartilaginous endplates may be the cause of ScheuermĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�Ϯ͘�,ŽǁĞǀĞƌ͕�ƚŚĞ�
occurrence of such irregularities may be seen outside of the kyphotic area and even in 
ƉĂƚŝĞŶƚƐ�ǁŝƚŚŽƵƚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͘ 

Histologic studies have revealed anomalies of the vertebral endplates and growth plates 
suggesting that the etiology may be an alteration of endochondral ossification. Aufdermaur 
and Spycher [3], and Ippolito and Ponseti [4] identified similar anomalies with a lack of 
osteoporosis or avascular necrosis of the lateral margins. In fact, Aufdermaur and Spycher [3] 
suggest that the primary histologic lesion may be an alteration of the connective tissue fibrils 
of the vertebral endplates that are disrupted, irregular, and may be fragmented, which lead 
to weakening of the connective sheath of the vertebral endplates. Ascani and Montanaro 
ƐƵŐŐĞƐƚĞĚ�ĚŝĨĨĞƌĞŶƚ�ĞůĞŵĞŶƚƐ�ϱ͕�ǁŝƚŚ�ƚŚĞ�ƉƌŝŵĂƌǇ�ĂŶŽŵĂůǇ�ďĞŝŶŐ�ŵŽƐĂŝĐ�у�ĂůƚĞƌĂƚŝŽŶƐ�ŽĨ�ƚŚĞ�
cells and the extracellular matrix of the vertebral growth plates and endplates. Rarefaction 
and thinning of the collagenous fibers and excessive proteoglycans characterize this 
pathological extracellular matrix. The cellular phenomenon of endochondral ossification is 
altered, slowed, or absent with bone formation taking place directly from cartilage without 
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the process of physiological differentiation. These phenomena alter the longitudinal growth 
of the vertebra. 

^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŝƐ͕�ŝŶ�ĨĂĐƚ͕�ƐĞĐŽŶĚĂƌǇ�ƚŽ�Ă�͞ƐůŽǁŝŶŐ�ŝŶ�ŐƌŽǁƚŚ͟�ƌĂƚŚĞƌ�ƚŚĂŶ�Ă�ƉƌŽĐĞƐƐ�
of destruction. This finding contrasts with the fact that the vertebral endplates lying outside 
of the deformed zone are not affected by this pathological process. In fact, these zones are 
characterized by accelerated growth and hyperplasia of the lateral margins, thus leading to a 
progressive increase in vertebral wedging. According to Pierre Stagnara, this could be due to 
defective adaptation of the spine to the standing or sitting position [6]. Studies showing 
similar anomalies in large primates who are quadrupedal but only occasionally bipedal, 
conform to this hypothesis [7]. Other studies measuring the bone mineral density in patients 
ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŚĂǀĞ�ƐŚŽǁŶ�ƚŚĂƚ�Ă�ŬǇƉŚŽƐŝƐ�ƐƵƉĞƌŝŽƌ�ƚŽ�ϰϱΣ�ŝƐ�ĂĐĐŽŵƉĂŶŝĞĚ�ďǇ�
notable osteoporosis [8], leading to possible therapeutic options. 

2. Genetics 

A high incidence ŽĨ�̂ ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�Ěisease has been noted within families. Halal et al. studied 
ƚŚĞ�ŐĞŶĞƚŝĐ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŝŶ�ϱ�ĨĂŵŝůŝĞƐ�ǁŝƚŚ�ŚŝŐŚ�ŝŶĐŝĚĞŶĐĞƐ�ŽĨ�ƚŚŝƐ�
pathology and suggest an autosomal mode of transmission with a high degree of penetrance 
and variable expressivity [9]. The existence of this anomaly in the homozygous twin brother 
ŽĨ�Ă�ƉĂƚŝĞŶƚ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ�ŝƐ�ŽďƐĞƌǀĞĚ�ŝŶ�ĂůŵŽƐƚ�ϳϱй�ŽĨ�ĐĂƐĞƐ͘�tŝƚŚŝŶ�Ă�ϯϲ-
ŵĞŵďĞƌ� ĨĂŵŝůǇ� ŝŶ� ǁŚŽŵ� ƐŝŐŶƐ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ� ŚĂǀĞ� ďĞĞŶ� ŝĚĞŶƚŝĨŝĞĚ͕� ƚŚĞ�
previously described observations have been found in 30% of the members, while only 4% 
are found in control subjects [10]. This anomaly may be seen in both males and females 
without an established sex ratio, although some authors have shown that boys are twice as 
likely to be affected than girls [10]. 

3. Mechanical 

WĂƚŝĞŶƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂƌĞ� larger and heavier with a higher body mass index 
than control subjects [11]. Nevertheless, this finding is not correlated to the severity of the 
deformity and may correspond to a hormonal profile that is associated rather than causal. In 
ĨĂĐƚ͕�ďŽŶĞ�ĂŐĞ�ŝƐ�ŚŝŐŚĞƌ�ĨŽƌ�ĐŚƌŽŶŽůŽŐŝĐĂů�ĂŐĞ�ŝŶ�ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂŶĚ�ƚŚĞ�
role of transitory growth hormone hypersecretion has been hypothesized but not proven 
[12]. 

Moreover, vertebral overloading with repetitive microtrauma has been incriminated in the 
ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŚĞ�ůƵŵďĂƌ�ƚǇƉĞ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͕�ĞƐƉĞĐŝĂůůǇ�ŝŶ�ŵĂůĞ�ƐƵďũĞĐƚƐ͘ 

Conclusions on the pathophysiology 

The actual etiology ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂse remains unknown with variable and sometimes 
contradictory data resulting from histological studies of resected specimens. Typical 
disruption of the vertebral endochondral ossification may be the result rather than the cause 
of this pathology. Nonetheless, an evident genetic context and possible mechanical factors 
exist that could predispose to or aggravate the disease. 
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Functional signs 

Primary reasons for consultation are twofold, with the first being obviously kyphotic 
deformity. This kyphosis is generally uniform in the upright position and appears angular 
when the patient bends forward (Adams forward bending test) (figure 1). 

 

Figure 1: uniform thoracic kyphosis in the upright position that becomes angular when the 
patient bends forward (Adams forward bending test) ʹ The fingertip-to-floor distance is 
reduced and is probably due to hamstring tightness.  

dŚĞ�ŬǇƉŚŽƐŝƐ� ŝŶ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ŝƐ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�Ă�ƐŝŐŶŝĨŝĐĂŶƚ� ůŝŵŝƚĂƚŝŽŶ�ŝŶ�ƐĂŐŝƚƚĂů�
spinal mobility both in flexion and in extension [13]. 

Pain is also a frequent reason for consultation. Pain at the apex of the deformity may be 
secondary to degenerative phenomena of the vertebra endplates and the intervertebral discs, 
as may be seen on MRI [14]. The rigidity of the thoracic kyphosis may explain the excess 
mobility of the adjacent cervicothoracic and thoracolumbar junctions [11]. The increased 
cervical and lumbar lordosis restoring the sagittal balance on either end of the thoracic 
kyphosis (figure 2) may in and of itself be the cause of the pain due to posterior interarticular 
impingement. The pain often radiates to the paraspinal area and distal to the level of the 
ĚĞĨŽƌŵŝƚǇ� ϭϱ͘� WĂƚŝĞŶƚƐ� ǁŝƚŚ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ŽĨ� ƚŚĞ� ƚŚŽƌĂĐŽůƵŵďĂƌ� ƐƉŝŶĞ͕� ŵŽƌĞ�
specifically the lumbar spine, are especially prone to present with pain from a disrupted 
sagittal alignment. 

The disordered global sagittal alignment of the spine with anterior translation of the head 
leads to muscle contractions that may damage certain muscles, such as the pectorals or the 
hamstrings [16] (figure 1). 

Physical exam 

Similar to all spinal deformities, the physical exam starts by measuring the ƉĂƚŝĞŶƚ͛Ɛ�length in 
the standing position, then only the head and trunk segments in the seated position. Clinical 
measurement of the sagittal curves may be done using a plumb line: distance between the 
plumb line running tangent to the apex of the kyphosis and the protrusion of C7, the apex of 
the lumbar lordosis, and the convexity of the sacrum (figure 2). 
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Figure 2: Exaggeration of cervical and lumbar lordosis on either end of the thoracic kyphosis 
restoring the sagittal balance ʹ the plumb line allows for the measurement of the sagittal 
curves (C7: 7th cervical vertebra, T7: 7th thoracic vertebra, L3: 3rd lumbar vertebra, S3: 3rd sacral 
vertebra)  

These measurements quantify the deformity and assess the results of the suggested 
treatment. In severe forms, the plumb line that runs tangent to the apex of the deformity lies 
greater than 2cm than the clinical contour of the sacrum (figure 2). A minor gibbosity (rib 
hump) may be found indicating a small scoliotic curve, often of the lumbar spine, that is often 
a non-structural deformity. Moderate pectus excavatum with a caved-in appearance of the 
thorax beneath the mammary glands, induced at least partially by the patient collapsing into 
kyphosis, accompanies quite often such kyphotic deformities (figure 3). 

  

Figure 3: Moderate pectus excavatum with caved-in appearance beneath the mammary 
glands induced by the collapse into kyphosis.  

Pectus carinatum is also possible but rare. Tightening of the hamstrings (figure 1) may be 
noted and evaluated with the popliteal angle. In some cases, posterior horizontal stretch 
marks may be seen at the apex of the kyphosis (figure 4), thought to be due to the increased 
straing on the cutaneous and subcutaneous tissues. 
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Figure 4: posterior horizontal stretch marks at the apex of the kyphosis. 

Examining the limbs, the overlying skin, and a complete neuro-orthopedic exam complete the 
physical assessment. 

Finally, the psychological burden of the disease felt by the child must be assessed, who is 
often introverted. This global attitude of collapsing in oneself may be the consequence of the 
deformity but may also be an element exacerbating the kyphosis. 

Radiographic signs 

Radiographic diagnosis is based on whole-spine radiographs in the standing position using the 
EOS® system with measurement of the sagittal Cobb angle (between the tangent to the 
superior vertebral endplate of the upper end vertebra and the inferior vertebral endplate of 
the lower end vertebra) (figure 5). A sagittal Cobb angle superior to 40° at the level of the 
thoracic spine is deemed as pathological [17]. Pierre Stagnara considered that this cutoff 
value may be too stringent, suggesting instead that every patient has their own, personal 
sagittal alignment [6]. The sagittal Cobb angle is an indicator of the functional prognosis and 
is considered of poor prognosis if it is superior to 75°. Sagittal angular alterations are generally 
less important in patients with thoracolumbar or lumbar deformities with a limited wedging 
of the vertebra, giving way instead to Schmorl nodes. The Cobb angles of adjacent lordotic 
curves as well as the variable differences in sagittal balance allow a complete analysis of the 
deformity (figure 5). 

  

Figure 5͗�^ĂŐŝƚƚĂů�ƐƉŝŶĂů�ƌĂĚŝŽŐƌĂƉŚ�ŽĨ�Ă�ƐƵďũĞĐƚ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�disease of the thoracic 
spine: Wedging of the vertebral bodies around the apex of the kyphosis with vertebral 
endplate irregularities. 
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The radiographic diagnosis oĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� requires four criteria established by 
Sôrensen (18):  

Anterior wedging across 3 consecutive vertebrae around the apex superior to 5°, vertebral 
endplate irregularities, intervertebral disc space narrowing, and intravertebral disc 
herniations. All of the above criteria must not necessarily be met for the diagnosis to be made. 
Schmorl nodes correspond to a depression of the vertebral endplate and result from the 
penetration of the nucleus pulposus into adjacent cancellous bone. This finding is not specific 
ƚŽ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ĂŶĚ�ŵĂǇ�ďĞ�ĨŽƵŶĚ�ĞǀĞŶ�ŝŶ�ƐƵďũĞĐƚƐ�ǁŝƚŚŽƵƚ�ǀĞƌƚĞďƌĂů�ƉĂƚŚŽůŽŐǇ͘�
Separation of the anterior vertebral margins (limbus vertebrae) at the level of the lumbar 
spine is secondary to the same pathophysiologic mechanism [19] (figure 6). 

 

Figure 6: Schmorl node and separation of the anterior vertebral margins (limbus vertebrae) at 
the level of the lumbar spine. 

Differential diagnosis 

Postural kyphosis ĚŝĨĨĞƌƐ�ĨƌŽŵ�̂ ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ�ďǇ�Ă�ƌĞĚƵĐŝďůĞ�ĚĞĨŽƌŵŝƚǇ�ďŽƚŚ�ƉĂƐsively 
and actively (figure 7), and by the absence of vertebral wedging and other radiographic typical 
ƐŝŐŶƐ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ͘� <ŚĂƌƌĂƚ� ĂŶĚ� �ƵďŽƵƐƐĞƚ� ĚĞƐĐƌŝďĞĚ� Ă� ƚǇƉĞ� ŽĨ� ŬǇƉŚŽƐŝƐ͕�
probably congenital in nature, with progressive anterior fusion of the intervertebral discs 
ǁŚŝĐŚ͕�ƉƌŝŽƌ�ƚŽ�ƚŚĞ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ�ƚŚĞƐĞ�ĂŶŽŵĂůŝĞƐ͕�ĐŽƵůĚ�ďĞ�ĨĂůƐĞůǇ�ůĂďĞůĞĚ�ĂƐ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�
disease [21]. Other types of kyphosis (spondyloepiphyseal dysplasia, type I 
neurofibromatosis, dysraphism) are characterized by distinct radiographic signs, relevant 
history and clinical elements allowing to rapidly establish the correct diagnosis. 

 

Figure 7: Actively reducible [ostural thoracic kyphosis. 

/Ŷ� ƐƵŵ͕� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ� ŝƐ� Ă� ĨƌĞƋƵĞŶƚůǇ� ĞŶĐŽƵŶƚĞƌĞĚ� ĚĞĨŽƌŵŝƚǇ� ƚŚĂƚ�ŵĂǇ� ůĞĂĚ� ƚŽ�
functional decline. The consideration of certain elements as well as knowledge of the natural 
history of the disease will guide management. 
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Introduction  

Knee trauma is a common reason for presentation to the pediatric orthopedic clinic in 
children and adolescents. In fact, sports related accidents are more frequent than motor 
vehicle accidents [1-3]. The most frequently encountered injuries in this setting include 
fractures (contusions, growth plate injuries, osteochondral lesions), lesions of the extensor 
mechanism, and meniscal tears with or without ligamentous rupture. The Imaging modalities 
for the diagnosis of meniscal and ligamentous injuries as well as their semiology will be 
discussed in this chapter. 

Imaging modalities 

The recommendations of the American College of Radiology (ACR) on the radiographic 
evaluation of knee trauma based on the mechanism of injury and physical exam underline the 
necessity for conventional radiographs and MRI in most patients [4]. Other imaging modalities 
are less commonly indicated. 

1. Conventional radiographs 

Two orthogonal views are required and are generally sufficient in acute trauma or pain 
experienced during physical exercise: anteroposterior and true lateral views with the knee in 
extension. The following findings may be seen on conventional radiographs: 1. Knee joint 
effusion on lateral radiographs appearing as a thickening of the suprapatellar recess; 2. 
Traumatic bone or osteochondral lesions; 3. Dysplastic deformities (trochlear dysplasia, 
patellar dysplasia, etc.). Comparative radiographs are not indicated in this setting and should 
be avoided.  

2. Magnetic resonance imaging (MRI) 

Magnetic resonance is the preferred imaging modality for the assessment of intra-articular 
derangements of the knee in both adults and children. This allows a minute analysis of the 
meniscal and ligamentous structures, extensor mechanism, cartilage, bone marrow signal, 
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and presence or absence of edema of the adjacent soft tissues. The MRI exam must include 
views in the 3 planes and in various sequences. As a rule, fat saturation proton density, T1, 
and eventually echo gradient T2* images must be obtained [5-10]. A standard MRI exam lasts 
for  20 minutes. With the development of new imaging techniques, three-dimensional 
reconstructions can be obtained in a shorter period of time with an excellent diagnostic value. 
However, this setting is not available on all MRI machines [11]. There is no consensus on the 
optimal moment to order an MRI; too early and post-traumatic edema may overestimate the 
lesion; Too late and important diagnostic information may be delayed. In addition, the use of 
an adapted antenna may be impossible in the presence of an immobilization apparatus such 
as a cast, thereby diminishing the quality of the acquired images. Injection of contrast media 
such as Gadolinium is usually unnecessary when the traumatic nature of the injury has been 
established. 

Indications for MRI include the suspicion of internal derangements of the knee, the search for 
an occult fracture, persistent posttraumatic pain, and hemarthrosis.  

3. Computed tomographic scan 

Computed tomography is usually not indicated except when a detailed analysis of an 
associated bony lesion is required [4]. 

4. Ultrasonography  

Ultrasonography is a powerful tool for the evaluation of joint effusion, the collateral 
ligaments, and the tendons of the extensor mechanism. It is also more sensitive than MRI in 
the evaluation of meniscal injuries [12]. However, ultrasonography is not recommended by 
the ACR in the diagnostic workup of meniscal and ligamentous injuries of the knee since it 
does not allow an evaluation of the entirety of neither the menisci nor the cruciate ligaments. 

Normal findings 

Normal findings on an MRI exam of the knee will be developed in this section. 

1. Menisci 

The medial meniscus ŝƐ�ƐŚĂƉĞĚ�ůŝŬĞ�Ă�͞h͟�Žƌ�͞ŽƉĞŶ��͕͟�ĂŶĚ�ƚŚĞ�ůĂƚĞƌĂů�ŵĞŶŝƐĐƵƐ͕�ďĞŝŶŐ�ŵŽƌĞ�
ĐŝƌĐƵůĂƌ͕�ŝƐ�ƐŚĂƉĞĚ�ůŝŬĞ�ĂŶ�ŝŶƚĞƌƌƵƉƚĞĚ�͞K͘͟�Both menisci have a triangular appearance when 
sectioned with the base at the periphery and a thin central free edge. From front to rear, the 
meniscus is subdivided into an anterior horn, a body, and a posterior horn [13] (figures 1-3). 



141 
 

  

Figure 1: Contiguous sagittal views using fat saturation proton density MRI of the medial 
meniscus in a six-year-old child. Horizontal arrow: Anterior horn; oblique arrow: body; vertical 
arrow: posterior horn. 

Figure 2: Contiguous sagittal views using T1 MRI of the lateral meniscus in the same patient 
as figure 1. Horizontal arrow: anterior horn; oblique arrow: body; vertical arrow: posterior 
horn.  

Figure 3: Coronal view using fat saturation proton density MRI of the knee in a 12-year-old 
child showing the body of the meniscus and the medial collateral ligament (arrow). L: lateral, 
M: Medial. 

The menisci grow in size with age. However, the growth of the lateral meniscus is slower than 
the corresponding surface of the tibial epiphysis [14]. The body is the narrowest part of the 
menisci. The structures that ensure the attachment of the menisci are easily recognizable, 
swhen they exist. These consist of the anterior intermeniscal and meniscofemoral ligaments. 
On the medial meniscus, the meniscofemoral and meniscotibial liagments are prolongations 
of the deep fibers of the medial collateral ligament; the capsular attachment of the lateral 
meniscus is looser, but the fascicles of the meniscopopliteal ligament facing the posterior 
horn are identifiable.  

MRI of the menisci shows a low intensity signal on all sequences owing to their 
fibrocartilaginous nature. In practice, it is impossible to distinguish the two structural zones 
of the menisci: the ƌŝĐŚůǇ�ǀĂƐĐƵůĂƌŝǌĞĚ�ƉĞƌŝƉŚĞƌĂů�͞ƌĞĚ�ǌŽŶĞ͟�ĂŶĚ�ƚŚĞ�ĐĞŶƚƌĂů�ĂǀĂƐĐƵůĂƌ�͞ǁŚŝƚĞ�
ǌŽŶĞ͘͟�DĞŶŝƐĐĂů�ƐŝŐŶĂů�ŽŶ�DZ/͕�ĂƐ�ŝŶŝƚŝĂůůǇ�ĚĞƐĐƌŝďĞĚ�ďǇ��ƌƵĞƐ�Ğƚ�Ăů͘�ŝŶ�ϭϵϴϳ͕�ŝƐ�ĐůĂƐƐŝĨŝĞĚ�ŝŶƚŽ�
four grades: Grade 0 corresponds to a globally homogeneous, low intensity signal of the 
meniscus; Grade 1 corresponds to a zone with a punctiform or ovoid higher intensity signal, 
without communication with an articular surface or the meniscocapsular junction; Grade 2 
corresponds to linear or arcuate increased signal intensity without communication with the 
articular surfaces, although it may reach the meniscocapsular junction; Grade 3 is a linear or 
arcuate intrameniscal increased signal that is rather large and communicates with one or both 
articular surfaces. Grades 1 and 2 in both children and adults do not signify meniscal tear [5]. 
In children, increased signal intensity is due to a highly vascularized area and is found in 60% 
of children younger than 13 years of age; in adults, this is often due to mucoid degeneration 
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of the meniscus. The increased signal intensity is generally localized to the posterior horn of 
the medial meniscus [15] (figure 4). 

  

Figure 4: Sagittal view using fat saturation proton density (a) and T1 (b) MRI of the knee in an 
11-year-old child. An area of relative increased signal intensity can be seen at the level of the 
posterior horn of the medial meniscus (oblique arrows). This aspect is not abnormal. 

The aspects of grades 1 and 2 are classic pitfalls, often falsely interpreted as a meniscal tear 
[16]. A folded appearance of the free edge of the medial meniscus may be observed on the 
sagittal view without signifying pathology [16,17]. 

2. Cruciate ligaments 

The anterior cruciate ligament (ACL) is an oblique fibrous band, easily recognizable on sagittal 
views of the knee, and stretched between the medial intercondylar eminence on the front 
and bottom, and the posterior part of the medial edge of the lateral femoral condyle on the 
rear and top (figure 5). 

 

Figure 5: Sagittal view using fat saturation proton density MRI of the knee in an 11-year-old 
child illustrating the morphology of the ACL (oblique arrow): linear, and with a sharp anterior 
edge that is virtually parallel to the Blumensaat line (horizontal arrow). 

When the knee is in extension, the ACL is linear and forms an angle of 10° or less with the 
Blumensaat line (roof of the intercondylar notch), with a low signal intensity on all sequences, 
and a relatively striated aspect. On coronal views, the constitutive bundles (anteromedial and 
posterolateral) are discernable. Recognizing the ACL in the coronal, sagittal and axial planes 
is essential in order to detect partial tears [18-20]. The posterior cruciate ligament (PCL) is 
longer but thicker than the ACL, extends from the posterior, median part of the tibial 
epiphysis on the bottom and rear, to the anterior, intercondylar edge of the medial condyle; 
In extension, the PCL forms a concave curve on the bottom and front (figure 6). 
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Figure 6: Sagittal view using fat saturation proton density MRI of the knee of the same patient 
as in figure 5. The morphology of the LCP (oblique arrow) can be seen with its anteroinferior 
concavity and its characteristic thickness. 

3. Other ligaments 

The collateral ligaments are easily identifiable on MRI and on ultrasound. The proximal, 
femoral insertions of the collateral ligaments are entirely epiphyseal [21]. A significantly lower 
intensity is seen on MRI with sharp and regular contours (figure 3). The anterolateral ligament 
is difficult to visualize in children younger than 15 years old [22]. 

Meniscal injury 

The prevalence of meniscal injuries is lower in children compared to adults. 

1. Meniscal tears  

Meniscal tears may be isolated or associated with ligamentous and/or osteochondral lesions. 
In the context of trauma, the medial meniscus is more often damaged than the lateral 
meniscus, and its posterior horn more often injured than the anterior horn or body. The 
strong correlations between the aspect of the meniscus on MRI and surgery has long been 
established, with a sensibility of 85% and a specificity of 88 to 100% [7,8].  

Different types of meniscal tears exist. However, only signal intensity alterations that 
communicate with the articular surface are considered pathological (grade 3). Meniscal tears 
may be horizontal, vertical, radial or oblique, peripheral or central, or of the bucket handle 
type. Bucket handle tears are distinct entities, and the diagnosis is easily made when a large 
ĨƌĂŐŵĞŶƚ�ŝƐ�ƉƌŽũĞĐƚĞĚ�ǁŝƚŚŝŶ�ƚŚĞ�ŝŶƚĞƌĐŽŶĚǇůĂƌ�ŶŽƚĐŚ͕�ŐŝǀŝŶŐ�ƌŝƐĞ�ƚŽ�Ă�͞ĚŽƵďůĞ�W�>͟�ƐŝŐŶ�ŽŶ�the 
sagittal views, and an absence or marked alteration of one of the meniscal horns or the body 
;ĨŝŐƵƌĞ� ϳͿ͘� ��ŵĞŶŝƐĐĂů� ĨůĂƉ�ŵĂǇ� ďĞ� ƉƌŽũĞĐƚĞĚ� ĂŶƚĞƌŝŽƌůǇ� ĂŶĚ� ŐŝǀĞ� ƚŚĞ� ĂƐƉĞĐƚ� ŽĨ� Ă� ͞ĚŽƵďůĞ�
ĂŶƚĞƌŝŽƌ� ŚŽƌŶ͘͟� � separation between the capsule and the meniscus or a loose meniscal 
fragment may be difficult to identify in children [5,23]. Finally, tears of the posterior horn of 
the lateral meniscus may be underestimated [24]. 
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Figure 7: Coronal (a) and sagittal views (b) using fat saturation proton density MRI of the knee 
in a 13-year-old adolescent illustrating a bucket handle tear of the medial meniscus. The loose 
fragment (oblique arrows) is situated in the intercondylar notch on the coronal view (a) and 
ŐŝǀĞƐ�ƚŚĞ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ�Ă�͞ĚŽƵďůĞ�W�>͟�ŽŶ�ƐĂŐŝƚƚĂů�ǀŝĞǁƐ�;ďͿ͘ *: hemarthrosis. 

2. Discoid meniscus  

A discoid deformity of the meniscus constitutes anomalies in both the shape and attachment 
of the meniscus. Discoid menisci are frequently encountered and affect the lateral meniscus 
(1.5% to 15% of the population depending on the series) more frequently than the medial 
meniscus (0.3% of the population) and are bilateral in almost 1/3 of cases. Multiple 
anatomical classifications have been developed [5,25-32]. The etiology remains unknown. A 
discoid meniscus may be asymptomatic but predisposes to complications which may be 
manifested clinically (pain, blocking). A clear history of trauma or intense physical exercise 
that may have started at an earlier age compared to other types of meniscal tears is often 
absent. On anteroposterior radiographs, lateral tibiofemoral joint widening, largening of the 
lateral femoral condyle with a squared shape, and cupping of the lateral tibial plateau may be 
seen. On MRI, the diagnosis is easily made in the absence of meniscal avulsion. The discoid 
meniscus is generally larger and thicker than regular menisci, and the anterior and posterior 
horns are seen on three contiguous sagittal slices [25]. A relatively thick horizontal fissure is 
consistently found (figure 8). If completely displaced, the discoid nature of the meniscus may 
be difficult to confirm [33] (figure 9).  

 

Figure 8: Coronal view using fat saturation proton density (a) and sagittal view using T1 (b) 
MRI of the knee in a 7-year-old child. A discoid lateral meniscus is seen (horizontal arrow). M: 
medial.  
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Figure 9: Coronal (a) and sagittal (b) views using fat saturation proton density MRI of the knee 
in a 12-year-old adolescent illustrating a lateral meniscal tear over a discoid meniscus with a 
centrally and posteriorly displaced fragment (arrows). M: medial.  

3. Meniscal cyst 

Rarely found in children and adolescents, a meniscal or parameniscal cyst presents as painful 
and renitent swelling over the femorotibial joint line. Ultrasonography is non-specific since 
the lesions may have a finely echoic, or even heterogenic content. On MRI, a meniscal tear, 
most often longitudinal, is consistently found; In the absence of such a tear, the differential 
diagnosis of a soft tissue mass should be considered [6,34].  

Ligamentous lesions 

1. Anterior cruciate ligament lesions  

The preferred imaging modality for the assessment of the ACL is MRI. Both the direct and 
indirect signs that are described in adults may be applied to children as well [18,35]. Direct 
signs of an ACL tear include discontinuity of the fibers, modification of their orientation, and 
an abnormal signal (difficult to assess when there is significant joint effusion). Indirect signs 
include verticalization of the PCL, anterior shift of the tibia, posterior translation of the 
posterior horn of the lateral meniscus, joint effusion, and bone contusions (lateral femoral 
condyle and medial tibial plateau) (figure 10). 

  

Figure 10: Sagittal (a,b,d) and transverse views (c) using fat saturation proton density MRI of 
the knee in an 11-year-old child illustrating a complete ACL tear (a, horizontal arrow; c, 
asterisk) with marked angulation of the PCL (b, vertical arrow), and vertical tear in the 
posterior horn of the lateral meniscus (d, oblique arrow). 
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These signs are rarely observed in their totality. One study found a sensitivity of 95% and a 
specificity of 88% in diagnosing ACL tears using MRI [35]. The diagnosis of a partial ACL tear is 
difficult to make and, based on the findings during the physical exam, the MRI may be 
repeated. 

Tibial eminence fractures are more commonly encountered in children than purely 
ligamentous injuries and correspond to an osseocartilaginous avulsion of the distal insertion 
of the ACL. Multiple subtypes of tibial eminence fractures exist and are classified according 
the Meyers and McKeever classification, which was later modified by Zaricznyj (36). The 
classification is based on a sagittal radiograph of the knee but may also be applied to MRI or 
CT-scan. Type I corresponds to no or minimal displacement, type II (the most frequent) 
corresponds to an anterior displacement of the fragment with an intact posterior hinge, type 
III is characterized by complete displacement of the osteochondral fragment, and type IV 
corresponds to complete displacement with rotation and comminution (figure 11). As a 
general rule, in avulsion fractures of the intercondylar eminence, the ACL is normal. 
Postoperative MRI evaluation after surgical repair of the ACL will not be discussed in this 
chapter. 

 

Figure 11: 13-year-old adolescent presenting with trauma to the right knee. The initial 
radiographs (a,b) show a bony avulsion of the lateral border of the tibial epiphysis signaling a 
Segond fracture (a, circle), abundant hemarthrosis (b, asterisk), and a marked lateral condylar 
notch (b). MRI three weeks after the incident (c,d : sagittal views using T1 images; e: coronal 
view using fat saturation proton density images) show a continuous but serpentine aspect of 
the ACL (c, vertical arrow), impaction of the lateral condyle (d, arrow), and edema at the level 
of the tibial eminence (e, asterisk). CT-scan obtained at the same time as the MRI (f) shows a 
comminuted fracture of the intercondylar eminence (f, horizontal arrow).  

2. Other ligamentous injuries  

Injuries to the PCL are rare in children and adolescents and are generally secondary to 
hyperextension of the knee. A PCL rupture is diagnosed using MRI and shows an interruption 
of the fibers and/or a global or focal increased signal of the ligament. It is rarely an isolated 
injury. A mechanism of injury similar to that of ACL injuries may lead to an avulsion of the 
tibial insertion of the PCL (figure 12). 
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Figure 12: Sagittal views using T1 (a) and fat saturation proton density (b) MRI of the knee in 
a 13-year-old adolescent who had presented 3 months prior with trauma to the knee with 
persisting pain and instability. An osteochondral avulsion fracture of the posterior insertion of 
the PCL (oblique arrows) can be seen. 

Injury to the collateral ligaments is rarely isolated, and medial compartment injuries are much 
more frequently observed than at the lateral compartment. These injuries may be assessed 
using ultrasound or MRI. On MRI, collateral ligament injuries are classified into three grades: 
grade 1, edema of the ligament and adjacent soft tissues with normal appearance; grade 2, 
partial disruption with thickening and edema of the ligament; grade 3, complete disruption 
of the ligament. In these lesions also, an osseocartilaginous avulsion fracture that is generally 
located at the proximal insertion may be secondary to the same mechanism of injury (figure 
13). 

 

Figure 13: 11-year-old child presenting with trauma to the right knee. The initial radiograph 
(a) shows an avulsion fracture of the lateral edge of the femoral epiphysis (a, oblique arrow). 
MRI obtained on the same day (b: sagittal view using T1 images; C: transverse view using fat 
saturation proton density images) confirms the avulsion fracture (oblique arrow) at the 
proximal insertion of the lateral collateral ligament (b, horizontal arrow) and the popliteus 
tendon.  

Associated lesions 

Clinical and radiographic signs of hemarthrosis of the knee is an indication for an MRI. In fact, 
significant injuries (lesions of the extensor mechanism, osteochondral lesions, 
meniscoligamentous lesions, occult fractures) are observed in almost 50% of cases, with 
meniscoligamentous injuries found in almost 25% of cases [37-39]. Meniscal and ligamentous 
injuries may be isolated or associated with numerous other lesions, especially of the medial 
meniscus, ACL, and medial collateral ligament [20,40,41]. 

Findings of bone edema may provide some insight into the mechanism of injury and potential 
associated meniscoligamentous lesions must be ruled out [42]. Contrary to adults, traumatic 
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bone contusion in children may be isolated without associated meniscoligamentous lesions 
[41,43,44]. On conventional radiographs, the careful search for an osseous injury is 
imperative: e.g. in a Segond fracture, avulsion of the lateral edge of the lateral tibial plateau 
may be discrete and may even be absent on MRI; Its discovery must lead to an assessment of 
the ACL in order to rule out rupture, tibial eminence fracture and/or a lateral meniscal tear 
(figure 11). 

Messages  

ͻ� DZ/� ŝƐ� ƚŚĞ� imaging modality of choice in meniscoligamentous injuries in children and 
adolescents as a complement to physical exam and conventional radiographs. 

ͻ�/Ŷ�ĂĐƵƚĞ�ŝŶũƵƌŝĞƐ͕�ƚŚĞƌĞ�ŝƐ�ŶŽ�ĐŽŶƐĞŶƐƵƐ�on the optimal moment for the realization of an MRI. 

ͻ�DĞŶŝƐĐĂů�ůĞƐŝŽŶƐ�ŵĂǇ�ďĞ�ŝƐŽůĂƚĞĚ�or, more frequently, associated with other injuries. 

ͻ��Ŷ�ŝƐŽůĂƚĞĚ�ŚĞŵĂƌƚŚƌŽƐŝƐ�is an absolute indication for an MRI. 
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Introduction  

In its most classic definition, an overuse injury is a chronic injury due to a high level of 
physiological load exerted on the musculoskeletal system without allowing ample amount of 
rest between training sessions [1,2]. As a result, a quantified amount of overuse cannot be 
specifically defined for the entire pediatric population. 

There has been a recent increase in overuse injuries in children, injuries which are often 
ignored Žƌ�ƚƌŝǀŝĂůŝǌĞĚ�ĂŶĚ�ĂƌĞ�ĐĂƚĞŐŽƌŝǌĞĚ�ĂƐ�͞ŐƌŽǁŝŶŐ�ƉĂŝŶƐ͘͟�,ŽǁĞǀĞƌ͕�ŐƌŽǁƚŚ�ŝƐ�ŶŽƚ�ƉĂŝŶĨƵů�
and musculoskeletal pathologies are responsible for the pain, an invalidating complaint for 
many children. These pains are especially aggravated during pubertal growth spurts when the 
lower limbs develop too quickly and the entire musculoskeletal system is overloaded [3]. 

This chapter will mostly focus on sports-related injuries, even though overuse injuries may 
occur in children who practice little to no sports. Even non-athletic children complaining of 
chronic pains that are typical of these types of injuries frequently seek medical attention. 

Instead of simplifying the issue as one affecting hyperactive athletic children in general, it 
would be preferable to compare it ƚŽ�Ă�ŵŝƐŵĂƚĐŚ�ďĞƚǁĞĞŶ�͞ƐƵƉƉůǇ͕͟�ŝ͘Ğ͘�ƚŚĞ�ŵƵƐĐƵůŽƐŬĞůĞƚĂů�
ƐǇƐƚĞŵ͛Ɛ�ĂďŝůŝƚǇ�ƚŽ�ĐŽƉĞ�ǁŝƚŚ�Ă�ŐŝǀĞŶ�ĂĐƚŝǀŝƚǇ�ŽǀĞƌ�Ă�ĐĞƌƚĂŝŶ�ƉĞƌŝŽĚ�ŽĨ�ƚŝŵĞ�ĚƵƌŝŶŐ�ŐƌŽǁƚŚ͕�ĂŶĚ�
͞ĚĞŵĂŶĚ͕͟�ŝ͘Ğ͘�ƚŚĞ�ŝŶƚĞŶƐŝƚǇ͕�ĨƌĞƋƵĞŶĐǇ͕�ĂŶĚ�ĚƵƌĂƚŝŽŶ�ŽĨ�ŽŶĞ�Žƌ�ŵƵůƚŝƉůĞ�ĂĐƚŝǀŝƚŝĞƐ͖ It should 
be noted that, in certain children, merely activities of daily living may be considered as 
physical activity. 

The most common overuse injuries of one or multiple extremities will be discussed in this 
chapter while concentrating on the more typical sports-related injuries. In order to simplify 
the presentation, reasons for consultation will be discussed first, i.e. pain in either the lower 
or upper limbs. 

Lower limb pain 

Pain located at the knee or tibia is a frequent complaint in preadolescent children seeking 
medical attention. The most common overuse injuries include:  

- Osgood-Schlatter disease 
- Sinding-Larsen-Johansson syndrome 
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These two entities represent 18% of all causes of overuse injuries in the pediatric population 
and form part of the grand family of osteochondroses [4]. 

Osgood-Schlatter disease is defined as chronic inflammation of the patellar tendon at its 
insertion on the tibial tuberosity. In its most frequent form, Osgood-Schlatter disease affects 
girls between 8 and 13 years old and boys between 10 and 15 years old and is the primary 
ailment suffered in France by boys engaging in professional football (soccer) [5]. While striking 
the ball, the quadriceps is locked, the knee is in full extension, and the entire extensor 
mechanism is stressed. Pain, in the absence of appropriate management, may become 
invalidating to the point of preventing the child from participating. 

The typical clinical presentation includes pain during physical activity, tenderness, and, in its 
more severe forms, swelling and erythema at the level of the tibial tuberosity. Conventional 
radiographs are often normal; fragmentation of the secondary ossification center of the tibial 
tuberosity is a normal finding. Contrarily, in its chronic form, ossification of the patellar 
tendon may be rarely seen. Further complementary examination is unnecessary. Radiographs 
themselves are not always required, especially when the clinical findings are typical, and the 
pain is bilateral [6,7]. Care must be taken in case of clinical doubt and radiographs must be 
obtained in the search for a differential diagnosis, particularly bony tumors. 

Sinding-Larsen-Johansson syndrome is the equivalent of Osgood-Schlatter disease of the 
proximal insertion of the patellar tendon [3]. Clinically, the child complains of pain on the 
anterior aspect of the knee; the patient is cannot always precisely localize the pain. Palpation 
of the tip of the patella with the knee in extension and the quadriceps relaxes elicits intense 
pain. As in Osgood-Schlatter disease, radiographs are most commonly normal. In more 
chronic presentation, a spur may be seen on the inferior pole of the patella.  

At the level of the lower limbs, the type of overuse injury also depends on the type of sporting 
activity. In runners, in addition to the two previously discussed injuries, one of the most 
frequent ailments is iliotibial band syndrome [8,9]. Findings are characteristic, since they 
occur mainly during the act of running. The pain is localized on the lateral side of the knee, 
precisely on the lateral aspect of the lateral femoral condyle. The pain is so intense that the 
child will inevitably discontinue the physical activity. The lateral condyle is tender, and rest 
provides relief. However, return to running unavoidably reawakens the pain. However, 
participating in other sporting activities that load the knee in a different manner than running 
may be possible without awakening the pain. Iliotibial band syndrome is generally due to 
excessive friction between the distal iliotibial band and the lateral femoral epicondyle. 

In girls, pain during the act of running is most frequently localized over the anterior tibia [9]. 
Two entities are to be distinguished: Medial tibial stress syndrome (MTSS), and stress 
fractures. MTSS is more commonly encountered in girls, those with little experience in 
running, those with a previous MTSS, and those with a high body mass index (BMI). Contrarily, 
stress fractures are found in high-level adolescent runners [10-12]. It is important to note that 
stress fractures occur on a normal bone. Conventional radiographs are therefore essential in 
the workup of the pain, although they are often insufficient for the official diagnosis. A 
common finding is thickening of the anterior cortex of the tibia. However, the fracture line 
may be subtle and difficult to identify. MRI or CT-scans are sometimes necessary in order to 
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make an official diagnosis [4]. Physicians must be prudent when treating children with 
ŽǀĞƌƵƐĞ�ŝŶũƵƌŝĞƐ�ƐŝŶĐĞ�ƚŚĞǇ�ŵĂǇ�ďĞ�ƉƌĞƐƐƵƌĞĚ�ďǇ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ƉĂƌĞŶƚƐ͕�ĞƐƉĞĐŝĂůůǇ�ƐŝŶce diagnostic 
delay often leads to apprehension. In some cases, if a tumor is included within the differential 
diagnoses, complementary exams must be ordered in order to rule out the diagnosis. MRIs 
are not always beneficial in stress fractures since cortical bone density is high, and the low 
spatial resolution of the MRI does not allow identification of the fracture line.  

Sever disease is an osteochondrosis similar to Osgood-Schlatter disease and is localized at the 
level of the insertion of the Achilles tendon on the calcaneus [1-4]. Sever disease is very 
frequently encountered in children during growth spurts. Patients typically complain of pain 
at the level of the heel that is exacerbated while walking and particularly during running. For 
some patients, mere contact between the heel and the floor may be impossible due to 
excruciating pain, leading these patients to walk on the tips of their toes. On physical exam, 
there is tenderness while pinching the heel or while palpating the insertion of the Achilles 
tendon. Radiographs are rarely required except when there is diagnostic doubt. 
Fragmentation of the secondary ossification center of the calcaneus is a normal finding and 
is not a sign of Sever disease. Stress fractures may also occur level of the foot. Nevertheless, 
their prevalence remains too low thereby precluding a discussion in this chapter. In patients 
presenting with foot pain in the setting of intense physical exercise, a stress fracture must be 
considered, and an MRI ʹ the preferred imaging modality ʹ must be ordered. 

Upper limb pain 

Overuse injuries of the upper limbs are usually due to excessive traction or compression at 
the level of a joint. The 3 most frequently encountered injuries in the literature are: 

- 'ǇŵŶĂƐƚ͛Ɛ�ǁƌŝƐƚ 
- >ŝƚƚůĞ�ůĞĂŐƵĞƌ͛Ɛ�ƐŚoulder 
- >ŝƚƚůĞ�ůĞĂŐƵĞƌ͛Ɛ�ĞůďŽǁ 

The last two listed injuries are extremely rare in Europe where baseball is not a commonly 
practiced sport, although they are common entities in adolescent pitchers in the United 
States. Moreover, gymnastics is a pediatric sport that is almost exclusively high-performance, 
even though the Olympic games are reserved for those older than 16 years of age. Gymnasts 
reach their highest level of performance even before puberty, with 75% of gymnasts having 
already reported wrist pain during practice or competition [4]. 

'ǇŵŶĂƐƚ͛Ɛ�ǁƌŝƐƚ�ŝƐ�ĂŶ�ŝŶũƵƌǇ�ƚŚĂƚ�ĂƌŝƐĞƐ�ĚƵĞ�ƚŽ�ƌĞƉĞƚŝƚŝǀĞ�ĐŽŵƉƌĞƐƐŝŽŶƐ�ŽĨ�ƚŚĞ�ǁƌŝƐƚ�ŝŶ�ŚǇƉĞƌ-
extension. As a result, there is premature closure of the distal physis of the radius. Initially, 
pain is felt at the level of the wrists, and radiographs are most commonly normal, and MRI 
may show edema of the distal metaphyses of the radius and ulna [13,14]. 

>ŝƚƚůĞ�ůĞĂŐƵĞƌ͛Ɛ�ĞůďŽǁ�ŝƐ�Ă�ŐĞŶĞƌŝĐ�ƚĞƌŵ�ƚŽ�ĚĞƐĐƌŝďĞ�Ă�ŐƌŽƵƉ�ŽĨ�ŝŶũƵƌŝĞƐ�ŽĨ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ĞůďŽǁ�ƚŚĂƚ�
occur in baseball playĞƌƐ�ϰ͕ϭϱ͘�,ŽǁĞǀĞƌ͕�>ŝƚƚůĞ�ůĞĂŐƵĞƌ͛Ɛ�ĞůďŽǁ�ƐƉĞĐŝĨŝĐĂůůǇ�ĂĨĨĞĐƚƐ�ƚŚĞ�ŵĞĚŝĂů�
epicondyle of the elbow and is caused by repetitive traction in children aged between 11 to 
15 years old thus leading to chronic widening of the physis of the medial epicondyle. 
Nonetheless, its occurrence in Baseball players is exceptional in France, although it may be 
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ƐĞĞŶ�ŝŶ�ƚĞŶŶŝƐ�ƉůĂǇĞƌƐ͘�dŚĞ�ĨĂŵŽƵƐ�͞ƚĞŶŶŝƐ�ĞůďŽǁ͟�ĞŶĐŽƵŶƚĞƌĞĚ�ŝŶ�ĂĚƵůƚƐ�ŵĂǇ�ďĞ�ƚƌĂŶƐůĂƚĞĚ�
in children by a lesion of the ossification center of the medial epicondyle. Radiographs show 
widening of the physis and the diagnosis is confirmed by signs of inflammation on an MRI. 

>ŝƚƚůĞ� ůĞĂŐƵĞƌ͛Ɛ�ƐŚŽƵůĚĞƌ�ĐŽƌƌĞƐƉŽŶĚƐ�ƚŽ�ĞƉŝƉŚǇƐŝŽůǇƐŝƐ�ŽĨ�ƚŚĞ�ƉƌŽǆŝŵĂů�humerus due to the 
repetitive motion of pitching [15,16]. This injury is exceptional in France. 

TREATEMENT AND PREVENTION [1,6] 

The treatment of overuse injuries is discussed in another chapter. Nevertheless, the essential 
concepts of treatment and especially the prevention of overuse injuries will be touched upon. 

Once the diagnosis is made, it is fundamental to approach these injuries in their entirety, and 
risk factors should be identified promptly. Intrinsic and extrinsic risk factors should be 
differentiated [4,17]. 

Intrinsic risk factors ŝŶĐůƵĚĞ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ŝŶƚĞƌŶĂů�ƉĞƌƐŽŶĂů factors. These may be further divided 
into modifiable and non-modifiable risk factors. 

Modifiable intrinsic risk factors include BMI, strength, and flexibility [3,4,8,18]. Non-
modifiable intrinsic risk factors include age, height, timing of the pubertal growth spurt, and 
previous overuse injuries. Moreover, having previously been diagnosed with an overuse 
injury is the primary risk factor for the occurrence of another. 

Extrinsic risk factors are, by definition, modifiable and are related ƚŽ� ƚŚĞ� ĐŚŝůĚ͛Ɛ� ĞǆĞrcise 
regimen: Volume, intensity, type of coaching, variability of the exercises, and the level of 
competition before the start of the present season [4,8,9,17]. 

There is no consensus on prevention strategies. However, a period of active rest after a 
competition cycle is indicated. Adapted training with more variability is also recommended 
[17]. 

There is no consensus of the optimal treatment approach either. Some studies suggest 
complete cessation of sporting activities, while others suggest adapting the physical activity 
ďĂƐĞĚ�ŽŶ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ƐǇŵƉƚŽŵƐ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ůŝŵŝƚ�ƚŚĞ�ƉƐǇĐŚŽůŽŐŝĐĂů�ŝŵƉĂĐƚ�ŽĨ�ĐĞƐƐĂƚŝŽŶ�ŽĨ�ƐƉŽƌƚƐ�
in these young athletes. Some authors suggest programs with stretching and physical 
conditioning [19]. However, no studies have compared the different therapeutic approaches. 
It is always recommended, independently of the adopted therapeutic strategy, not to return 
to intensive competition or sports until after the pain has completely subsided [4]. 

The relationship between the sports medicine physician, surgeon, sports instructor, parents, 
and child must be fluid and transparent in order to, firstly reassure the patient and their 
family, and secondly to accompany the often-protracted healing process. This may sometimes 
even lead to a reconsideration of the practiced sports. However, numerous prejudices often 
persist, and it may sometimes be difficult to discuss these sensitive topics with the patients 
and their families. Nevertheless, it is paramount to remain centered on the initial objective 
and tŽ�ƌĞŵĂŝŶ�ĨŽĐƵƐĞĚ�ŽŶ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ǁĞůů-being rather than their performance. 
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Introduction  

The intensity of physical exercise in children is constantly increasing [1,2] and many of these 
children practice multiple types of sports with decreasing periods of rest at the end of the 
sporting season. This leads to permanent overuse of the musculoskeletal system [3]. 
Moreover, children have a tendency to specialize in one type of sport precociously, with a 
constant premature increase in intensity, thereby leading to an overt risk of overuse injuries 
[4]. 

Repeatedly stressing the bones, muscles and tendons without appropriate recuperation and 
healing times leads to mictrotrauma of these structures. The growth plate is physiologically 
vulnerable, especially at the level of the apophyses where the strained tendons attach, 
leading to specific injuries. The physis and the epiphysis might also be stressed which could 
lead to intraarticular lesions. Finally, repetitive compression and traction of a bone may lead 
to bone marrow edema and stress fractures of the diaphysis, metaphysis, or the spine 
(spondylolysis). 

The treatment of these injuries must be aimed at the entire pathophysiological process of the 
overuse injury and, of course, at the specific lesions and local consequences cause by this 
increased load. 

General principles 

Rest is the basis of the treatment of overuse injuries and should be absolute, unless severe 
intra-articular injuries have occurred. Depending on the severity of the lesion and pain, 
ƚƌĂŝŶŝŶŐ� ŵĂǇ� ďĞ� ƐŝŵƉůǇ� ĂĚĂƉƚĞĚ� ƚŽ� ƚŚĞ� ƉĂƚŝĞŶƚ͛Ɛ� ŝŶũƵƌǇ� Žƌ� ƚŚĞ� ƐƉĞĐŝĨŝĐ� ŵŽǀĞŵĞŶƚ� ƚŚĂƚ� ŝs 
overloading a certain joint modified [5]. 

Immobilization is sometimes useful in alleviating pain or in facilitating the healing of a bony 
fragment. 

Conventional painkillers or NSAIDs are rarely prescribed since artificial pain relief might 
encourage the child to return to sports prematurely, thereby leading to further overuse and 
exacerbation of the injury. Furthermore, peritendinous or peri-apophyseal injections must be 
avoided [5].  
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Surgery may be indicated in some cases in order to facilitate healing, remove or repair an 
loose osteochondral fragment, or treat sequelae of a previous injury. 

Patience is key in overuse injuries since a significant proportion of these injuries (of the physes 
or apophyses) will spontaneously heal during puberty as the growth plates begin to fuse and 
the pelvis reaches Risser grade 1. Overuse injuries are diverse, and every anatomical site and 
type of injury (apophysis, epiphysis, physis or stress fracture) has its own characteristics. 

Treatment of apophyseal injuries  

General principles [6] 

The first step in the management of apophyseal injuries is relative rest. The presence of 
residual pain will guide management to either need for further rest or return to sports. If pain 
is experienced at the level of the apophysis during physical exercise, sports should be 
restricted for a period of days to weeks. Return to sports may be achieved progressively with, 
Ăƚ�ĨŝƌƐƚ͕�ƌĞƐƚƌŝĐƚĞĚ�ƚƌĂŝŶŝŶŐ�ƚŝŵĞƐ͕�ƵŶƚŝů�ƚŚĞ�ƉĂƚŝĞŶƚ͛Ɛ�ƉƌĞǀŝŽƵƐ�ůĞǀĞů�ŽĨ�ŝŶƚĞŶƐŝƚǇ�ŝƐ�ƌĞĂĐŚĞĚ͘�/Ĩ�
symptoms reoccur, activity is once again either reduced or withheld.  

The family, school and trainer must be informed that adjusting the training volume depending 
ŽŶ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ƉĂŝŶ�ŵĂǇ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ͘�&Žƌ�ŚŝŐŚ-performance athletes, a sporting activity that 
spares the injured joint may be authorized in order to maintain cardiovascular conditioning. 

Extremely painful episodes may be managed by temporarily immobilizing the limb. This 
immobilization must not be too prolonged in order to avoid muscular atrophy. 

Painkillers may be prescribed, although local treatments such as icing are preferable. Finally, 
ƉŚǇƐŝĐĂů�ƚŚĞƌĂƉǇ�ŝƐ�ƐŽŵĞƚŝŵĞƐ�ƵƐĞĨƵů�ŝŶ�ŝŶĐƌĞĂƐŝŶŐ�ƚŚĞ�ƚŝŐŚƚĞŶĞĚ�ŵƵƐĐůĞ͛Ɛ�ĨůĞǆŝďŝůŝƚǇ�ĂŶĚ�ůĞŶŐƚŚ�
ʹ an integral part of the pathophysiology of apophysitis ʹ and should be initiated as soon as 
the apophyseal pain has subsided. In fact, continued strain on the apophysis during 
rehabilitation may maintain the microlesion that is at the source of the symptoms that the 
physical therapist is attempting to treat. Daily stretching programs may therefore be simpler 
and more useful than formal physical therapy. 

Return to normal sporting activity is allowed depending on the non-recurrence of the injury 
by maintaining adequate flexibility and proper muscular length. 

Elbow [3] 

Medial epicondyle apophysitis, secondary to valgus loading in patients with open medial 
epicondylar growth plates (between 9 and 12 years), is frequently encountered in tennis and 
baseball players. The initial treatment is limiting the activity causing the increased load (e.g. 
pitching) along with local treatments such as icing. Adequate joint range of motion should be 
maintained as soon as symptoms decrease in order to avoid stiffness. Furthermore, young 
athletes should maintain some sort of physical activity in order to preserve their 
cardiovascular conditioning. Return to sports is achieved progressively while limiting the 
number of pitches or serves in tennis players. In addition, premature return to sports may 
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lead to recurrence of the injury, medial epicondylar hypertrophy, or an apophyseal avulsion 
fracture requiring surgical fixation.  

Pelvis and hip 

Apophyseal injuries of the iliac spine, ischium, or lesser trochanter are essentially avulsion 
fractures secondary to the attachments of the tendons [7]. The treatment is very frequently 
symptomatic. Rest with unloading of the limb and bed rest for a period of 7 to 10 days is 
ƌĞĐŽŵŵĞŶĚĞĚ͘�dŚĞ�ƉĂƚŝĞŶƚ͛Ɛ�ƉŽƐŝƚŝŽŶ�ĚƵƌŝŶŐ�ƚŚŝƐ�ƚŝŵĞ�ƐŚŽƵůĚ�ƌĞĚƵĐĞ�ƚŚĞ�ƐƚƌĂŝŶ�ŽĨ�ƚŚĞ�ƚĞŶĚŽŶ�
in question (e.g. flex hip for injuries of the anteroinferior iliac spine caused by traction of the 
rectus femoris). 

Weight bearing is returned progressively. Potential muscle tightness must be assessed and 
treated by stretching as soon as the pain subsides. Return to sporting activities is generally 
allowed after the second month. Repositioning and surgical fixation should be discussed but 
does not allow a faster return to sports. Nevertheless, a recent meta-analysis showed a return 
to sports at a higher level after surgery compared to conservative treatment and recommends 
that fragments with a displacement superior to 15mm be treated with surgical fixation, 
especially in high-level athletes [8]. 

Knee 

Apophyseal injuries of the knees are essentially chronic injuries, such as Osgood-Schlatter 
disease of the tibial tuberosity and Sinding-Larsen-Johansson syndrome of the tip of the 
patella. Treatment consists primarily of relative rest. Cessation of all sports that are at the 
origin of the increased strain on the apophysis will lead to progressive pain relief. Return to 
sports is achieved progressively with an adjustment of the volume and intensity of the training 
and is primarily guided by the persistent symptoms. Painkillers and local treatments such as 
icing are also useful.  

Immobilization with a knee brace may considered if symptoms are severe or resistant to 
symptomatic treatment. Once a pain-free return to sports has been achieved, patients with 
Osgood-Schlatter disease or Sinding-Larsen-Johansson syndrome must maintain adequate 
flexibility of the quadriceps and hamstrings in order to limit strain and traction on the 
apophysis and decrease the risk of injury recurrence [7,9]. In fact, a direct link has been found 
between symptomatic Osgood-Schlatter disease and muscle tightness [10]. 

Intratendinous heterotopic ossifications may be a potential complication of apophysitis and 
require surgical excision if pain is experienced on the long term despite physeal closure 
[3,7,11]. 

Ankle and foot 

Apophysitis of the greater tuberosity of the calcaneus (Sever disease) is frequently 
encountered in children between 8 and 12 years of age [7] and treatment is always 
symptomatic. Initially, physical exercise must be limited until the pain subsides. A triceps 
surae stretching program must then be initiated since posterior chain tightness is a 
fundamental element of Sever disease [9,11]. Commercial elastomer insoles may be 
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prescribed decreasing ground reaction forces during gait. Nevertheless, these insoles must 
reduce the shock all the while avoiding concealing any equinus that may be due to a tight heel 
cord. In fact, such equinus would only exacerbate the traction forces on the calcaneal 
apophysis.  

More severe pain may require offloading the affected limb with crutches or a wheelchair. 
Immobilization with a short leg cast or a walking boot for a period of 3 to 4 weeks may 
sometimes also be useful in more severely painful episodes [9]. 

Other osteochondrites of the foot are rarely encountered. Navicular injuries are managed 
with symptomatic treatment. The bone is physiologically reconstructed over a period of 
months, during which intense sporting activities must be suspended and plantar orthoses 
supporting the medial arch, or even short periods of immobilization, may be utilized 
depending on the severity of the pain [7]. 

The treatment of Iselin disease (base of the 5th metatarsal), Renander disease (sesamoid of 
the greater toe),  and Freiberg disease (head of 2nd metatarsal) is identical to Sever disease. 
Rarely, in some patients with &ƌĞŝďĞƌŐ͛Ɛ� ĚŝƐĞĂƐĞ͕� ĂŶ� ŽƐƚĞŽƚŽŵǇ� ŽĨ� ƚŚĞ� ŚĞĂĚ� ŽĨ� ƚŚĞ� Ϯnd 
metatarsal may be necessary [7]. 

Treatment of epiphyseal injuries  

Elbow 

Osteochondritis of the lateral condyle of the elbow, or Panner disease, occurs in very young 
children and presents primarily as painful and limited elbow extension without locking 
sensations or intra-articular loose bodies. The natural history of the disease always progresses 
toward healing. 

Treatment is therefore only symptomatic with painkillers, restriction of sporting activities, 
and exceptionally immobilization until symptomatic relief over 12 to 18 months [7,12]. 
Osteochondritis dissecans of the capitellum, occurring essentially in adolescents, presents a 
similar clinical scenario with sometimes locking and clicking due to loosening of an 
osteochondral fragment within the joint. 

Treatment depends on the stability of the osteochondral fragment. Stability is generally 
evaluated using MRI: instability is evidenced by an increased signal intensity surrounding the 
osteochondral fragment on T2-weighted images [12]. 

In patients with stable lesions, rest and restriction of all physical exercise causing excessive 
valgus load on the elbow, such as gymnastics, for a period of at least 6 months is 
recommended. Patients with persistent signs of instability or with an intra-articular loose 
body after a period of conservative management may benefit from surgery [11,12], preferably 
by arthroscopy. Arthroscopic management consists of debridement of the osteochondral 
area and removal of the loose osteochondral fragment from the joint space. Perforating the 
lesion area may relieve the pain and facilitate healing, especially in skeletally mature patients 
[13]. For lesions larger than 10mm, osseocartilaginous grafts are generally used [14]. 
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Knee 

Juvenile osteochondritis dissecans of the knee often only requires symptomatic treatment 
[9]. The lesions are generally stable with an intact joint line. Load from physical exercise 
should be reduced for a minimum of 6 months, although weight bearing is authorized. A short 
non-weight-bearing period may be indicated if pain is the primary complaint [7]. MRI 
determines the presence of associated cartilaginous lesions and guides management. Unlike 
in adults, an increased signal intensity on T2 images in children does not indicate instability 
of the osteochondral fragment [15]. If the osteochondral fragment is smaller than 2.5 cm2, 
half of patients achieve healing over a period of 6 months, with the rest almost always within 
18 months [7]. In patients in whom healing is delayed, extra-articular perforations of the 
osteochondral area through the epiphysis may be considered in order to increase 
vascularization and facilitate consolidation, all the while preserving the articular surface 
[9,16]. If the cartilage is injured, arthroscopy may be used to assess and then perforate the 
damaged area through the joint line in order to accelerate healing. Loose osteochondral 
fragments within the joint may also be removed via arthroscopy. If the fragment is large 
enough, fixation must be attempted even though healing is not guaranteed. However, if the 
same fragment is on a weight-bearing portion, then osteochondral mosaicplasty may be 
attempted [17]. 

Talus 

Osteochondral lesions of the talus may be either anteromedial (primarily as a complication of 
a sprain) or posteromedial, with the latter being the most frequent location of 
osteochondrosis [7]. Treatment consists primarily of complete sporting restriction. 
Radiographic and MRI surveillance are used to guide the remainder of the treatment. These 
lesions may heal spontaneously over several months, although chondral lesions may require 
perforation either by arthroscopy or arthrotomy with sometimes a trans-malleolar approach 
to better expose the injured area. 

Treatment of physeal injuries 

General principles 

Physeal injuries may be due to acute trauma, the treatment of which is within the realm of 
general trauma and will not be detailed in this chapter. Overuse injuries of the growth plate 
may occur in young athletes and at different anatomical locations, and be due to different 
types of sports. The majority of these lesions heal without complications by simply limiting 
physical exercise. However, epiphysiodesis has been described in rare instances sometimes 
resulting in a varus deformity of the knee  secondary to injury to the distal femoral or proximal 
tibial growth plate in rugby and tennis players [18].  

These injuries can be prevented; Training intensity and load on the physes during growth 
spurts should be limited. Exercise should be varied during training in order to avoid overly 
straining a single joint. Proper physical preparation with appropriate warm-ups, 
proprioception training and stretching must be compulsory. Trainers must further be 
educated on the actuality of these pathologies. Finally, in order to properly rest the physes, 
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the periodic nature of training sessions must be respected, and resting periods, particularly 
summer breaks, must be imposed [18]. 

Shoulder 

At the level of the shoulder, overuse of the proximal humeral physis (leading to widening of 
the physis and epiphysiolysis of the humerus) is treated by suspension of sporting activities 
for a period of 3 months (often baseball pitchers, gymnasts, tennis players, volleyball players, 
or swimmers) [7,11]. A program based on strengthening, better pitching mechanics, and 
physiotherapy is suggested for high-level athletes [6]. A preexisting deficit in internal rotation 
of the glenohumeral joint is a predisposing factor for these sorts of injuries in children. 
Recurrence of injury is common (7% at 7 months) and 3 times more frequent in children with 
a preexisting deficit in internal rotation [19].  

Wrist 

At the level of the wrist, physeal injuries are frequently encountered in gymnasts, especially 
in patients in whom the ulna is shorter than the radius [7,20]. Treatment is based on 
interruption of sporting activities and immobilization in an attempt to avoid premature 
closure of the physis [7]. Cast immobilization is preferred over splinting in order discourage 
premature mobilization by children who may be pressured by their trainers or parents. More 
severe injuries found on imaging may require longer recuperation periods. As a result, some 
authors prefer early screening of radial physis injuries in gymnasts [20]. The complete fusion 
of the distal radius is one complication of these types of sports injuries and may require distal 
ulnar epiphysiodesis or an ulnar shortening osteotomy [21]. 

Knee 

Overuse injuries of the physes of the distal femur may be visualized on conventional 
radiographs as a widening of the physis, although a more adequate diagnosis may be made 
on MRI. Healing is always achieved with a return to normal growth by simply limiting physical 
exercise, and the use of a knee brace may accelerate recuperation. Return to normal activity 
in over 3 months is determined both clinically and after normalization of imaging. Rest is an 
essential component of treatment since non-compliance may lead to axial deformities of the 
knee [9,22]. 

Treatment of stress fractures 

Overuse leading to stress fractures are common and may be seen in 13 to 50% of young 
athletes, depending on the practiced sport [6]. Conventional radiographs have a sensitivity of 
only 10% in the acute setting. The diagnosis is usually made on MRI. Findings in the acute 
setting may be limited to simple periosteal edema without a clear fracture line, whereas more 
advanced stages tend to show a complete fracture line [23]. 

Management is preferentially undertaken on an individual basis depending on the site of 
injury, age of the child, and practiced sport. Nevertheless, the general principles of treatment 
include reduction of the load to allow proper healing. Immobilization, protected weight-
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bearing (e.g. using a walking boot or a long pneumatic splint) or full-weight-bearing using 
crutches may further reduce the load and control the pain. It is recommended to alternate 
training with activities sparing the injured limb, such as biking or swimming, in order to 
maintaining cardiovascular conditioning [6]. Return to sports must be done progressively 
after complete resolution of the pain and radiographic signs of healing are evident, A process 
requiring around 3 to 4 months in periosteal forms, and 6 months in patients with an actual 
fracture [6,23]. Management is exceptionally surgical but may be indicated in certain rare 
cases, such as stress fractures of the femoral neck with progressive displacement or a non-
union. These patients are generally treated by osteosynthesis similar to conventional 
fractures [24]. 

Prevention  

The best treatment of overuse injuries is prevention by acting early and addressing the 
multiple pathophysiological elements that are at the origin of these injuries. 

Early specialization 

Early sports specialization is one of the primary causes of overuse injuries [25,26]. This 
generally entails intense training throughout the year for a single type of sport while excluding 
other types of physical exercise [27]. In fact, there has been an increase in training intensity 
in young children, the majority of which are already specialized before the age of 7 years. 
Participating in multiple types of activities allows skill transfer from one sport to another and 
a better overall development of young athletes [28]. This variety in sporting activities also 
allows a more balanced neuromuscular development and a decrease of the repetitive stresses 
over the same joints [27]. As a result, preventing overuse injuries must imperatively include 
a varied approach to the volume and quality of physical exercise in these young athletes. 

Lifestyle 

Similar to adults, high-level athletic children must maintain a healthy lifestyle. This allows the 
proper conditioning for the body to endure the repetitive load it is subjected to during 
physical exercise. An adapted diet, proper hydration, and sufficient sleep (more than 8 hours 
per night) all play a major role in limiting these overuse injuries [7,27,29]. Finally, the 
equipment must be adapted to the type of strain caused during exercise (proper socks, softer 
ďĂůůƐ�ŝŶ�ĐŚŝůĚƌĞŶ͙Ϳ�ϳ͘ 

Adapting training frequency 

The volume and quality of training must be evaluated. There is a broad consensus on the rule 
of 10%, which states that the work done must not increase more than 10% per week in order 
to allow better recuperation. Depending on the type of sport, this signifies that training time, 
weight, distance, and speed must not increase by more than 10% [7]. Trainers must also be 
included while adapting the quality of the training program. This allows for a better analysis 
ŽĨ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ĂƚŚůĞƚŝĐ�ƚĞĐŚŶŝƋƵĞƐ�ĂŶĚ�ƉĞƌĨŽƌŵĂŶĐĞ�ĞƌƌŽƌƐ͘�dŚĞ�ƚŽƚĂů�ǁĞĞŬůǇ�ƚŝŵĞ�ƐƉent training 
is also important: if this time is superior to 16 hours per week, the risks of sustaining an injury 
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increase significantly [6]. Moreover, a minimum of 1 day per week and 3 months per year 
must be afforded for adequate rest and recuperation.  

Flexibility 

Musculotendinous tightness is an essential element of overuse injuries [10]. Flexibility both 
ŝŵƉƌŽǀĞƐ� ƚŚĞ� ĐŚŝůĚ͛Ɛ� ƉĞƌĨŽƌŵĂŶĐĞ� ĂŶĚ� ĂǀŽŝĚƐ� ŝŶĐƌĞĂƐĞĚ� ƐƚƌĂŝŶ� ŽŶ� ƚŚĞ� ĂƉŽƉŚǇƐĞƐ͘� ZĞŐƵůĂƌ�
stretching sessions (quadriceps, hamstrings, triceps surae) should be mandatory. However, 
these stretching sessions should preferentially take place at a distance from the training 
session, since they can aggravate the muscular microlesions that have been sustained during 
exercise. These sessions are preferentially held during dedicated periods after apophyseal 
pain has subsided and follow a thorough program [7]. 

Adapting training during puberty 

Trainers and parents must be continually aware of the ĐŚŝůĚ͛Ɛ pubertal stage. In children 
younger than 12 years old, growth plate fragility makes the occurrence of an overuse injury 
more likely if both training intensity and volume are not adapted. 

The pubertal status must be favoured over chronological age, since, in a similar age group, 
there are evidently differences in stages of pubertal development between children. In some 
children, certain movements risk placing too much stress on certain joints, and training must 
be adapted on an individual basis [7]. 

Conclusion  

The majority of overuse injuries are benign, and their treatment is often simple and solely 
symptomatic, relying primarily on common sense and adaptation of the sporting activity 
ďĂƐĞĚ�ŽŶ�ƚŚĞ�ĂƚŚůĞƚĞ͛Ɛ�ĂŐĞ͘�dŚĞ�ŵĞĂŶƐ�ŽĨ�ƉƌĞǀĞŶƚŝŽŶ�ŵƵƐƚ�ďĞ�ǁĞůů�ŬŶŽǁŶ�ďǇ�ĐŚŝůĚƌĞŶ͕�ƉĂƌĞŶƚƐ͕�
and trainers. 

Cessation of sports is always the initial management strategy, and after returning to sports, 
children must be aware or early signs of recurrence. 

Even though immobilization, or even surgery, may sometimes be necessary, adapting the 
ĂĐƚŝǀŝƚǇ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ĂŐĞ�ĂŶĚ�ƉƵďĞƌƚĂů�ƐƚĂƚƵƐ is the primary element in management 
and dictates treatment outcomes. 
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Even though regular physical activity is one of the most effective ways to stay healthy [1], 
high-performance sports, due to the high intensity and frequency of training, may have 
significant detrimental consequences on a persŽŶ͛Ɛ� ŚĞĂůƚŚ͕� ƌĞƋƵŝƌŝŶŐ� Ă� ƐƉŽƌƚƐ� ƉŚǇƐŝĐŝĂŶ͛Ɛ�
ĞǆƉĞƌƚŝƐĞ͘�dŚĞ�ƉƌŝŵĂƌǇ�ƌŽůĞ�ŽĨ�Ă�ƐƉŽƌƚƐ�ƉŚǇƐŝĐŝĂŶ�ŝƐ�ƚŽ�ĞŶƐƵƌĞ�ĂŶ�ĂƚŚůĞƚĞ͛Ɛ�ŵĞĚŝĐĂů�ĞůŝŐŝďŝůŝƚǇ�
and physical condition to participate in sports, followed by avoiding exacerbating any 
preexisting sports injuries and accompanying the athlete in further preventing new injuries 
and sport-specific accidents. Finally, sports injuries should be properly cared for and a return 
ƚŽ�ƐƉŽƌƚƐ�ŵƵƐƚ�ďĞ�ŽƌŐĂŶŝǌĞĚ�ŝŶ�Ă�ŵĂŶŶĞƌ�ĂƐ�ƚŽ�ĐŽŶƐĞƌǀĞ�ƚŚĞ�ƉĂƚŝĞŶƚ͛Ɛ�ĂƚŚůĞƚŝĐ�ĨƵƚƵƌĞ͕�ďĞ�ƐĂĨĞ͕�
and allow a progressive return to activity. In children and adolescents who aim at elite or high-
performance athleticism, schedules including training for multiple hours per week as well as 
schooling leave little space for rest and physical recuperation. In addition to an initial medical 
eligibility assessment, sports physicians must accompany these athletes in order to avoid any 
exercise-related consequences on growth, bone development, metabolism and puberty, and 
overuse injuries [2-4]. 

I. Definition and organization of high-performance sports in France:  

�ŽŵŵŽŶ�ƵƐĞ�ŽĨ�ƚŚĞ�ƚĞƌŵ�͞ ŚŝŐŚ-ƉĞƌĨŽƌŵĂŶĐĞ͟�ƌĞůĂƚĞƐ�ƚŽ�ŝŶƚĞŶƐĞ�ĂŶĚ�ĐŽŵƉĞƚŝƚŝǀĞ�ĞŶŐĂŐĞŵĞŶƚ�
in a given sport. In fact, this term refers to a very specific and thoroughly codified statute 
(Articles R221-1 to T221-2 of the Sports Code, Decree no. 2016-1286 from September 29, 
2016 relating to high-intensity sports). The status of high-performance athlete is obtained 
after registering to the high-performance athlete list under the jurisdiction of the ministry 
responsible for sporting affairs. This registration requires a recommendation by the 
corresponding sporting federation and approval of the deputy national technical director. 
Furthermore, high-performance athletes may only apply to the high-performance athlete list 
if they have previously participated in international competitions in a given sport (of which 
the high-performance nature is recognized), if they qualify for a high enough performance 
level in a given sport, and if they were 12 years of age or older during the year in which they 
had applied to the ministerial list. Four different categories exist on the high-performance list: 
Elite, Senior, Youth, and Reconversion. 
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In addition to the high-performance athlete list, two additional categories exist: 

- National collective athlete list: Includes athletes who did not meet the above criteria 
but whose integration in a national collective was deemed necessary. These may 
include training partners who were previously listed as high-performance athletes 
themselves who suffer from health-related issues (sports injuries), or even athletes 
with potential for future high-performance status. 

- Hope athlete list: Includes athletes who have shown proficiencies in certain sports that 
are considered high-performance and who are testified by the deputy national 
technical director of the concerned sporting federation, but do not yet meet the 
criteria for registering to the high-performance athlete list. 

Children and adolescents are mostly included in the Elite and Youth categories of the 
ŵŝŶŝƐƚĞƌŝĂů� ůŝƐƚ� ĂŶĚ� ƚŚĞ� ,ŽƉĞ� ĂƚŚůĞƚĞ� ůŝƐƚ͘� �Ŷ� ĂƚŚůĞƚĞ� ĐĂŶ� ĂƉƉůǇ� ƚŽ� ƚŚĞ� ͞�ůŝƚĞ͟� ůŝƐƚ� ŝĨ� ƚŚĞǇ�
undertake a significant performance or obtain a significant rank during international 
benchmark tests (R221-4 Sports Code). Performance, rank and evaluations are identified in 
the Federal Performance Project of each sporting federation. Registration is valid for two 
ǇĞĂƌƐ͘�ZĞŐŝƐƚƌĂƚŝŽŶ�ŝŶ�ƚŚĞ�͞zŽƵƚŚ͟�ĐĂƚĞŐŽƌǇ͕�ƚŚĞ�ĐĂƚĞŐŽƌǇ�ĐŽŶĐĞƌŶŝŶŐ�ĂƚŚůĞƚĞƐ�ƐĞůĞĐƚĞĚ�ĨŽƌ�ƚŚĞ�
French national team for an international competition, is valid for one year (R221-6 Sports 
Code). 

Once registered on the ministerial high-performance or Hope lists, athletes have certain rights 
(e.g. access to national training facilities) and duties. A convention provided for in Article L. 
221-2-1 of the French Sports Code determines the reciprocal rights and obligations of the 
sporting federations and elite athletes. These include directives regarding the medical follow-
up of these high-performance athletes in the form of regulatory longitudinal medical 
monitoring. 

II. Certificate of medical non-contraindication to the practice of a sport, reglementary 
ĂƐƉĞĐƚƐ�ĂŶĚ�ĐŽŶĐĞƉƚ�ŽĨ�͞ƉůĂǇŝŶŐ-ƵƉ͗͟ 

Medical assessment for the eligibility to participate in sports has the ultimate goal of 
delivering the certificate of medical non-contraindication (CMNCI) to the practice of a sport. 
This certificate may be delivered after all clinical anomalies or pathologies susceptible of 
being exacerbated during physical activity have been ruled out. The delivery of such a 
certificate commits the professional responsibility of the physician and must therefore be 
based on a minute physical exam. The Sports Code clauses relative to this medical certificate 
have been modified by the law no. 2016-41 of January 26, 2016 for the modernization of 
&ƌĂŶĐĞ͛Ɛ�ŚĞĂůƚŚĐĂƌĞ�ƐǇƐƚĞŵ͕�ĂƐ�ǁĞůů�ĂƐ�ƚŚĂƚ�ŽĨ��ƵŐƵƐƚ�Ϯϰ͕�ϮϬϭϲ�ƚŚĂƚ�ƉĞƌƚĂŝŶƐ�ƚŽ�ƚŚĞ�ŵĞĚŝĐĂů�
certificate testifying the absence of contraindications to sports. One of the primary 
modifications concerns the intervals at which a new CMNCI to the practice of a sport must be 
issued in order to renew a sports license, which increased from 1 to 3 years: Health 
questionnaires (QS-Sport) must be administered on a yearly basis; in case of a change in the 
ĂƚŚůĞƚĞ͛Ɛ�ŚĞĂůƚŚ͕� ƚŚĞ� ƌĞƐƉŽŶƐĞƐ� ƚŽ� ƚŚŝƐ� ƋƵĞƐƚŝŽŶŶĂŝƌĞ�will determine the delivery of a new 
CMNCI. 

Obtaining a CMNCI is mandatory in order to receive an initial license allowing participation in 
an organized competition by the relevant sporting federation (said CMNCI must be no older 
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than 1 year). The renewal of a license depends on presenting every 3 years a CMNCI to 
participate in a sporting competition dating less than a year old, and a confirmation by the 
athlete that they have would have responded as negative on each section of the QS-Sport 
questionnaire, every year, even when a certificate was not required (CMNCI every year for 
high-risk athletes, detailed below). A CMNCI dating less than a year old is also necessary for 
participation in organized sports competitions by the authorized sporting federation 
(competitions such as select organized running competitions, including marathons, trails, and 
ultra-trails).  

Some sports are known to induce excessive load on certain body parts and are thus deemed 
as high-risk sports (Sports Code: law no. 2016-41 of January 26, 2016 ʹ article 219, D. 231-1-
5 of the Sports Code):  

1. Sports that require a specialized facility 
a. Mountaineering 
b. Underwater diving 
c. Speleology 

2. Competition combat sports in which knockouts are authorized 
3. Sports including the use of firearms or pneumatic weapons 
4. Sports requiring the use of motor vehicles in a competition setting, not including 

radio-controlled model vehicles 
5. Sports requiring the use of aircrafts, not including model aircrafts 
6. Rugby XV, rugby XIII and rugby VII. 

Delivering an initial license to participate in sports with a high risk on the security or health of 
the athlete implies an annual medical follow-up specific to the type of sport. As a result, 
receiving or renewing a license are dependent on obtaining a CMNCI dating less than one year 
old, thus indicating the absence of contraindications to the participation in the specific sport 
(notably in competition). 

Such certificates are delivered after a specific medical assessment detailed by the ministry 
responsible for health and sports (decree of July 24, 2017 pertaining to the characteristics of 
the specific medical assessment required to deliver the CMNCI to practice high-risk sports). 

The medical assessment can be done by all medical doctors according to the 
recommendations of the French Society of Exercise and Sports Medicine (SFMES) and 
presents the following characteristics (Article A231-1 of the Sports Code): 

1. For mountaineering below 2,500 meters in altitude: 
a. Cardiovascular assessment; 
b. History of or risk factors related to high-altitude-hypoxia justifying the need 

for a specialized or mountain medicine consultation; 
2. For underwater diving: ENT (eardrum, Eustachian tube equilibration/permeability, 

vestibular examination, auditory acuity) and dental assessment; 
3. For speleology: cardiorespiratory assessment; For cave diving, ENT (eardrum, 

Eustachian tube equilibration/permeability, vestibular exam, auditory acuity) and 
dental assessment; 
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4. For competition combat sports in which a fight might end, especially or exclusively, 
due to a knockout: 

a. Neurological exam and mental health; 
b. Ophthalmic assessment: visual acuity, visual fields, intraocular pressure and 

fundoscopy; 
5. For sports including the use of firearms or pneumatic weapons: 

a. Neurological exam and mental health; 
b. Auditory acuity and assessment of the dominant upper limb for the biathelon; 
c. Spinal exam in minors participating in upright shooting; 

6. For competition sports including the use of motor vehicles: 
a. Neurological exam and mental health; 
b. Ophthalmic assessment (visual acuity, visual field, color vision); 

7. For sports requiring the use of aircrafts: 
a. Neurological exam and mental health; 
b. Ophthalmic assessment (visual acuity, color vision); 
c. ENT (eardrum, Eustachian tube equilibration/permeability, auditory acuity, 

vestibular exam) and dental assessment; 
d. Shoulder exam for parachuting and paragliding; 
e. Spinal exam for class 1 ultralight aviation pilots; 

8. For Rubgy XV and VII aged 12 to 39 years old, during and out of competition: 
a. Cardiovascular assessment; 
b. Spinal exam; 

9. For Ruby XIII: orthopedic exam; 
 

The concept of playing-up:  
Playing-up corresponds to a special authorization given to a child allowing competition in a 
higher age category, including the adult category. Playing-up is managed by regulations and 
special forms specific to each sporting federation. Depending on the federation and each 
case, physicians may be faced with demands for playing-up at one, two or even three 
categories. Although a demand for a one-category advancement may sometimes be 
undertaken by general practitioners, two or three-category advancements require the 
expertise of a certified sports physician or a physician authorized by the corresponding 
sporting federation. The requests should then be validated by a federal (regional or general) 
physician and approved by the technical supervisory staff.  
There is a lack in objective criteria for the appraisal of playing-up demands and the decision 
is generally left to either the examining or federal physician.  
Nevertheless, the criteria for a playing-up request to be granted must ensure a physiological 
response by the athlete that is higher than that of the normative values for their age category. 
As a result, playing-up should not be granted to athletes with growth delay or if the intense 
physical training risks inducing a negative effect on growth. Playing-up demands must 
therefore be granted to athletes whose capacity to adapt to physical stress at least equals or 
surpasses that of their age category (maximal strength and recuperation during a maximal 
stress test). 
III. Goals of the evaluation for the eligibility to participate in sports in children and 
adolescents 
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Medical assessment for eligibility to participate in sports must answer the following principal 
questions: 

- Is there any temporary or permanent contraindication to participate in sports 
(infectious, cardiac, respiratory, osteoarticular, muscular, psychological or addictive)? 

- Are there risk factors for sports-related injuries (clinical or osteoarticular pathologies, 
working conditions)? 

- Is there a history of or present illness that may increase the risk of injury when 
engaging in a given type of sport? 

- Does the sport in question entail intense physical training that may require a specific 
medical assessment and screening of risk factors (overuse injuries, overtraining, burn-
out, ĞĨĨĞĐƚ�ŽŶ�ŐƌŽǁƚŚ͕�ŵĂůŶƵƚƌŝƚŝŽŶ͙Ϳ͍�^ƵĐŚ�ŝƐ�ƚŚĞ�ĐĂƐĞ�ŽĨ�ŚŝŐŚ-performance athletes. 

- Have I properly adapted my physical examination according to age, practiced sport, 
type of practice, and level of the athlete (hobby, high-performance or playing-up)? 

Intensive training is defined as a total training time superior to 10 hours per week in children 
older than 10 years or 6 hours per week in children younger than 10 years [5]. Only supervised 
training sessions are included in this definition, thereby allowing spontaneous recreational 
play for the child during their free time. As such, intensive training is defined by a threshold 
value that does not consider the intensity of the training sessions, which is generally the cause 
of overuse injuries [2]. Practically, the training sessions of young high-performance athletes 
surpasses 15 hours per week and may even reach 20 to 25 hours per week. 

In order to reduce the risk of injury, it is recommended that children be allowed resting 
periods of one or two days per week and at least three months per year in one-month 
intervals [6]. 

The primary risks of intensive training include: 

- Growth disturbance: delayed growth, deviation in the growth chart, delayed puberty 
and primary or secondary amenorrhea; 

- Overuse injuries: microtraumatic damage to bone, muscle or tendon caused by 
repetitive biomechanical stress. The American Academy of Pediatrics has described 4 
stages for these types of injuries [6]: 1) pain in the affected area after physical activity; 
2) pain that occurs during the activity but does not restrict performance; 3) pain that 
occurs during the activity and restricts performance; and 4) chronic, unremitting pain, 
even at rest; 

- Osteochondral lesions: see specifics in athletic children in paragraph 5; 
- Loose body complicating a neglected osteochondral lesion; 
- Stress fractures and muscle injury: due to abusive repetitions of certain exercises that 

may be more traumatic than others; 
- Overtraining syndrome; 
- Psychological risks: ill-systematized in a global context of athletic, academic and 

personal stressors. The stress of training, management of competitions, constant 
traveling, separation from family, stress of group living, and difficulties finding 
personal time in an academically and athletically full schedule. The expectation of a 
certain performance or the maintenance of said performance significantly adds to the 
multiple psychological risk factors and may induce a variety of psychological disorders, 
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ranging from anxiety to depression or substance abuse with the specific risk of doping. 
Specific questionnaires for the screening of stress, anxiety, depression, unhealthy 
eating habits, low self-esteem, and burnout may be used. 

IV. Medical assessment for eligibility to participate in sports: history and physical exam  

A thorough medical assessment is essential in order to collect all the required data for the 
delivery of a CMNCI to participate in sports, in the absence of findings requiring further 
investigation. In the setting of a presentation for any other complaint (symptoms during 
activity or at rest), a rigorous approach must be maintained in order to undertake an 
assessment that is as comprehensive as possible. The French Society of Exercise and Sports 
Medicine suggests the following [7]: 

- Vital record and administrative information 
- dŚĞ�ĐŚŝůĚ͛Ɛ�ĞŶǀŝƌŽŶŵĞŶƚ͗ 

o Collection of data specific to the sport: the practiced sport, role, level of 
practice (from amateur to international), age at onset of training, age at onset 
of competition, and the motivations for the choice of the practiced sport 
;ĐŚŝůĚ͛Ɛ� ŽǁŶ͕� ĨĂŵŝůǇ� Žƌ� ŽƚŚĞƌͿ͘� /ƚ� ŝƐ� ĂůƐŽ� ĞƐƐĞŶƚŝĂů� ƚŽ� ĂƐƐĞƐƐ� ƚŚĞ� ǀŽůƵŵĞ� ĂŶĚ�
intensity of the practice (volume and duration of training sessions), the 
conditions of practice (terrain, equipment, engagement in a weight-category 
sport, climatic ĐŽŶĚŝƚŝŽŶƐ͙Ϳ� 

o Collection of data specific to the environment: the home environment 
;ĚŝǀŽƌĐĞ͕� ƐŝďůŝŶŐƐ͕� ĨĂŵŝůǇ͛Ɛ� ƉĞƌƐƉĞĐƚŝǀĞ� ŽŶ� ƚŚĞ� ĐŚŝůĚ͛Ɛ� ƐƉŽƌƚŝŶŐ� ƉƌĂĐƚŝĐĞͿ͕� ƚŚĞ�
number of trainers, group or individual sport 

o Collection of data on the academic environment: academic level, plans of 
academic future, presence of sports/study supervision 

- History: Child athletes are still children and it is essential to include all of the elements 
of a pediatric physical examination:  

o �ƐƐĞƐƐŵĞŶƚ�ŽĨ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ŚĞĂůƚŚ�ƌĞĐŽƌĚƐ 
� Verification of vaccination records depending on the latest 

recommendations; 
� History of childhood illnesses, allergies and drug contraindications, age 

of adiposity rebound: red flag if earlier than 6 years old (risk of obesity). 
o Past history 

� Medical and surgical history: Personal cardiovascular risk factors, 
history of or active or passive smoking (pack-year), alcohol 
consumption, cannabis use and/or other drugs. The presence of type I 
diabetes, overweight or obesity (BMI and control of the adiposity 
rebound age), cardiac pathologies (last resting electrocardiogram 
and/or echocardiogram), asthma (last pulmonary function testing), 
epilepsy, near-sightedness (last corrections), traumatic brain injury 
(with or without loss of consciousness), muscle pathology, neurological 
pathology, coagulation disorders, loss of function of a paired organ, 
genetic disorders, and history of trauma (previous injuries, recurring 
sprains); 

� First-degree family history: congenital diseases, diabetes, muscle 
pathology, genetic disorders, and coagulation disorders; 
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o Gynecological history: Age of menarche, regularity of menstrual cycle, use of 
contraceptives, HPV and Hepatitis B vaccines  

o Treatments: 
� Information on the totality of medical treatments and nutritional 

supplementation of the athlete, absence of illegal substance use as per 
the World Antidoping Agency (WADA), follow-up on Therapeutic Use 
Exemption (TUE) in patients requiring a treatment that is included in 
the list of prohibited substances, reconciliation of the totality of non-
medical treatments: physiotherapy, foot orthoses (orthotic insoles), 
other orthoses (knee or ankle braces), or prostheses in parasports; 
evaluation of eyeglasses in patients with vision disorders. 

o Lifestyle 
� Complete nutritional assessment: the number of meals and snacks per 

day, the quality of the food and/or adherence to any particular diet 
� Sleep: time of sleep and waking, quality of sleep, presence of 

nightmares (may be anxiety-related, but beware oxyurosis), enuresis.  
� Sedentary behavior: screen time (TV and/or video games, computer 

time, mobile phone). 
o Functional symptoms leading to consultation: symptoms at rest and/or on 

exertion: musculoskeletal symptoms (occurrence, location and type of pain), 
cardiovascular and pulmonary symptoms, weakness, etc.  

Physical exam 

- Morphology and development: weight, height, body mass index, estimated adipose 
mass, wingspan, evaluation of growth, psychomotor development, pubertal stage 
(Tanner stage). 

- Physical exam undertaken systematically with a particular attention to thĞ�ƉĂƚŝĞŶƚ͛Ɛ�
current concerns: 

o Cardiovascular and pulmonary exam: resting heart rate, bilateral blood 
pressure, peripheral pulses, cardiac auscultation to eliminate any bruits or 
murmurs, and pulmonary auscultation and cyanosis. The French and European 
societies of cardiology recommend systematically obtaining a resting ECG in 
patients aged 12 years or older, repeated every 3 years until 20 years of age 
and, in case of any anomalous findings, a stress-test may be suggested. 

o Orthopedic exam: spinal alignment disorders (nonstructural or structural 
scoliosis with an assessment of gibbosity on Adams forward bending test), 
lower limb deformities (genu valgum or varum), joint range of motion, muscle 
strength assessment, apophyseal tenderness, foot exam.  

o Digestive system, lymph node palpation, ENT (eardrum, sinuses, auditory 
ĂĐƵŝƚǇ͙Ϳ͕� ĂŶĚ� ĚĞŶƚĂů� ĂƐƐĞƐƐŵĞŶƚ͗� ĚĞŶƚĂů� ĨŽůůŽǁ-up, wisdom teeth, tooth 
alignment, oral parafunctional activities (e.g. bruxism). 

V. Specifics of child and adolescent high-performance athletes  

1. Microtraumatic pathologies [8]: 
o Osteochondral lesions: intense physical exercise leads to bony repercussions, 

especially at the ossification centers, leading to repetitive microtrauma and 
chronic inflammation: Osteochondritis (osteochondrosis). The diagnosis relies 
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on the presence of both mechanical pain and radiographic findings. Depending 
on the location of osteochondral lesion: 

� Knee: 
x Osteochondral lesions of the tibial tuberosity (Osgood Schlatter 

disease): This pathology appears primarily in boys aged 11 to 15 
years old and occurs mostly in sports requiring repetitive 
jumping (football, basketball, handball, etc.).  

x Osteochondral lesions of the tip of the patella (Sinding-Larsen-
Johansson syndrome): Less frequently encountered than 
Osgood-Schlatter disease, Sinding-Larsen-Johansson syndrome 
affects children aged 11 to 13 years old who participate in 
sports with trauma to the knees (Figure skating, handball, etc.). 

� Foot and ankle: 
x KƐƚĞŽĐŚŽŶĚƌĂů� ůĞƐŝŽŶƐ� ŽĨ� ƚŚĞ� ĐĂůĐĂŶĞĂů� ĂƉŽƉŚǇƐŝƐ� ;^ĞǀĞƌ͛Ɛ�

disease): This pathology preferentially occurs in boys aged 
between 10 and 13 years old and is more frequently found in 
practitioners of sports including sudden changes of direction 
and significant traction on the heel (football, gymnastics, etc.). 
The pain is usually localized at the level of the attachment of 
the Achilles tendon and is manifested by mechanical talalgia.  

x Osteochondral injuries of an accessory navicular bone (Köhler 
disease) 

x Osteochondral injuries of the growth plate of the base of the 
fifth metatarsal (Iselin disease). 

x Osteochondral injuries of the heads of the 2nd or 3rd metatarsals 
(Freiberg disease) 

x KƐƚĞŽĐŚŽŶĚƌĂů� ŝŶũƵƌŝĞƐ� ŽĨ� ƚŚĞ� ƐĞƐĂŵŽŝĚ� ďŽŶĞƐ� ;ZĞŶĂŶĚĞƌ͛Ɛ�
disease) 

� Spine: 
x KƐƚĞŽĐŚŽŶĚƌĂů� ŝŶũƵƌŝĞƐ�ŽĨ� ƚŚĞ� ƐƉŝŶĞ� ;^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞͿ͗�

this pathology is equally called osteochondritis deformans 
juvenilis dorsi and causes sagittal deformities of the spine with 
loss of disc height. The following radiographic findings 
ĐŚĂƌĂĐƚĞƌŝǌĞ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͗ 
i Vertebral endplate irregularities  
i Wedging of at least 3 adjacent vertebrae  
i Schmorl nodes or intravertebral disc herniations 
i Intervertebral disc narrowing 
i Limbus vertebrae  

o Tibial periostitis: These injuries are induced by microtraumatic events at the 
level of the anteromedial aspect of the tibia. They are very frequently found in 
long distance runners and jumpers. 
Other overuse injuries may also be found in children: stress fractures, bone 
fragility, and tendinopathies.  

o Spondylolysis: defined by an acquired defect of the isthmus of the posterior 
vertebral arch and may be isolated or associated with spondylolisthesis. 
Patients with spondylolysis often present with tenderness during physical 
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activities requiring hyperlordosis and other significant mechanical stresses 
(diving, gymnastics, judo, Olympic style weightlifting, skiing, football, etc.), 
although they may also be asymptomatic. Even though spondylolysis 
essentially affects both isthmuses, unilateral affections are usually found in 
sports requiring repetitive unilateral torsion (tennis, Javelin throw). 
Symptomatic patients usually complain of pain (low back pain, sciatica and/or 
lumbosciatica), intermittent claudication and/or loss of lumbar lordosis.  

2. Acute traumatic injuries [8]: 
o Apophyseal avulsions: Often secondary to intense physical exercise, 

apophyseal avulsions occur primarily at the level of the pelvis (ischium, iliac 
spines, iliac crest, lesser trochanter, ischial tuberosity, and greater trochanter). 
Sports increasing the risk of these types of avulsions include football (soccer), 
athletics and gymnastics. This diagnosis must be considered in skeletally 
immature patients presenting with traumatic injuries that appear to be of 
muscular origin.  

o Classic traumas: Ankle sprain (anterior talofibular and calcaneofibular 
ligaments), knee sprain and trauma (anterior cruciate ligament rupture), 
muscle injury after growth plate fusion (muscle tears, tears at the 
myoaponeurotic junction, etc.) and fractures. 

3. Growth defects [9]: 
Physical exercise may lead to failure to thrive. As a result, growth chart monitoring is 
essential: early adipose rebound before 6 years of age suggests obesity, and a 
deviation from the growth chart suggests hormonal disorders and/or unhealthy 
nutritional habits. In both cases, a more comprehensive assessment is required. In 
patients presenting with failure to thrive, gymnastics is often identified as a cause. In 
fact, intensive training in children is the essential element leading to growth defects 
by delaying growth spurt. Nevertheless, regular follow-ups are necessary in order to 
monitor the ĐŚŝůĚ͛Ɛ�ŐƌŽǁƚŚ͘ 

4. Child abuse: 
�ůƚŚŽƵŐŚ�ƐƉŽƌƚƐ�ĂƌĞ�ŵĞĂŶƚ�ƚŽ�ďĞ�ŵŽƚŝǀĂƚĞĚ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ŽǁŶ�ĂŵďŝƚŝŽŶƐ͕�ĐŚŝůĚ�ĂƚŚůĞƚĞƐ�
are often influenced by external pressures including the sporting federations and 
families. The former only work towards international recognition, which, in some 
ĐŽƵŶƚƌŝĞƐ͕�ŵĂǇ� ůĞĂĚ�ƚŽ�ƚŚĞ�ĚĞƚƌŝŵĞŶƚ�ŽĨ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ĚĞǀĞůŽƉŵĞŶƚ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�ƚŚĞ�
ĨĂŵŝůǇ͛Ɛ�ŵŽƚŝǀĂƚŝŽŶƐ� ĨŽƌ� ĂƚŚůĞƚŝĐ� ƐƵĐĐĞƐƐ�ŵĂǇ� ďĞ� ŝŶĨůƵĞŶĐĞĚ� ďǇ� ƐĞĐŽŶĚĂƌǇ� ĨŝŶĂŶĐŝĂů�
gains and social recognition (mediatized children, increased incomes). This set of 
motivations may lead to overtraining, psychological consequences (anxiety and 
depression, conduct disorders) and eating disorders (malnutrition, specific diets for 
weight-specific sports). 

VI. Longitudinal medical follow-up of high-performance athletes: 

Adopted policies consist of placing athletes that are registered on the ministerial high-
performance athlete lists, especially potential candidates for registration to these lists and 
athletes who are integrating the path of athletic excellence, on a specific medical surveillance. 

This medical surveillance allows screening, preventing and limiting the risks that are related 
to high-intensity physical exercise. 
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The decree of June 13, 2016 concerned with the medical surveillance of high-performance 
athletes, Hope athletes and national collectives modernized the Sports Code (A231-3) in 
regard to the medical surveillance of athletes. 

In the two months following their first registration to the ministerial list of high-performance 
athletes and annually afterwards, high-performance athletes must be submitted to: 

1. A medical assessment by a sports physician: 
a. A physical exam and history as per the recommendations of the French Society 

of Exercise and Sports Medicine (SFMES); 
b. A dietary assessment and nutritional recommendations; 
c. A psychological assessment in order to screen for psychopathological 

complications related to intense physical exercise; 
d. Indirectly screening for overtraining syndrome through an elaborate 

questionnaire as per the recommendations of the SFMES; 
2. Resting electrocardiogram 

At the recommendation of the sports physician and under their responsibility, the 
psychological and nutritional assessment discussed above may be undertaken by a clinical 
psychologist and dietitian, respectively. 

On this common basis, sporting federations may also include specific complementary exams. 
For athletes registered on the Hopes athletes list or included in the national collective, the 
contents and implementation of medical surveillance must consider the age, burden of 
training, specific physical stressors of the specific sport, morbidity and inherent risks of the 
type of sport. 

The delegate sporting federations ensure the organization of the medical surveillance of their 
licensed athletes and may require complementary medical evaluations specific to the type of 
sport. 

The French Federation of Rugby (FFR) serves as an interesting example since high-
performance Rugby players require specific medical evaluations due to the traumatic nature 
of the sport. The longitudinal medical follow-up of these athletes is detailed in Annex no. XIV 
(medical regulation) of the General Regulations that dictate the regulatory environment 
relative to the management of Rugby in France [10]. 

As a result, the FFR has established specific evaluations in addition to the regulated medical 
exam for all athletes registered on the ministerial high-performance or Hope athlete lists. 

As a result, rugby players must be subjected to the following medical exams: 

1. Evaluation for proteinuria, glycosuria, hematuria, and urinary nitrites on a urine 
dipstick; 

2. Resting transthoracic echocardiogram with a medical report; 
3. In the absence of apparent anomalies on resting cardiovascular physical exam and the 

two preceding exams, a stress test at maximal intensity (coupled, if required, to the 
measurement of gaseous exchanges and to pulmonary function testing) realized by a 
physician, according to the most recent scientific data. 
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This stress test aims at screening possible abnormalities or lack of adjustment during 
exeƌƚŝŽŶ͕�ǁŚŝĐŚ�ŝŵƉŽƐĞ�Ă�ƐƉĞĐŝĂůŝƐƚ͛Ɛ�ŽƉŝŶŝŽŶ͖ 

4. A dental assessment by a certified specialist; 
5. An MRI of the cervical spine for the screening of cervical spinal stenosis in loose-head 

prop, hooker and tight-head prop positions after the age of 16 years; 
The medical surveillance of these athletes includes: 

1. Twice a year: 
A medical exam realized by a medical practitioner licensed in sports medicine 
including: 

a. Medical interview; 
b. Physical exam; 
c. Anthropometric measurements; 
d. Nutritional assessment and recommendations that may be aided by a 

specialist; 
e. Search for proteinuria, glycosuria, hematuria, and urinary nitrites on urine 

dipstick; 
2. Once a year: 

a. Dental assessment by a certified specialist; 
b. Standardized resting electrocardiogram with medical report; 
c. After parental authorization for minors, a biological exam for athletes aged 15 

years or more including a  
i. complete blood count; 

ii. reticulocytes; 
3. A psychological assessment is conducted twice a year during a specific interview either 

by a physician or by a psychologist with medical supervision. This psychological 
assessment aims at: 

a. Detecting psychopathological difficulties and personal and family factors of 
vulnerability or protection; 

b. Preventing difficulties related to intense training; 
c. Orienting toward management; 

4. Once every four years: 
A maximal effort stress test 

5. Candidates for registration to the high-performance athlete lists or Hope atheltes who 
have already undergone an ECG before the age of 15 years must be have another ECG 
between the ages of 18 and 20 years. For players in sports academies, varsity teams, 
France national teams or professional Rugby teams, in addition to the ones already 
planned for, complementary medical surveillance is ensured by the FFR.  

Each concerned player must undergo the following exams: 

- Cardiological assessment: 
o Resting ECG every 2 years 
o Stress test every 2 years 
o Echocardiography every 4 years or at changing of status. 
o An MRI of the cervical spine for players of all positions, to be reassessed in the 

case of new pathology or a change of status depending on the intervals set by 
the regulations. 
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o Preseason neurological assessment (concussion follow-up). 
o Biological follow-up. 

Conclusion  

Participation in sports, even at high-performance, must remain a vector for good health. It is 
thus imperative to ensure that the risks specific to each type of sport be maximally reduced. 
This requires a rigorous evaluation of the initial medical eligibility and a meticulous and 
regular medical follow-up. The primary objectives of this management are to accompany the 
ĐŚŝůĚ͛Ɛ�ƉĞƌĨŽƌŵĂŶĐĞ͕�ŶŽƌŵĂů�ĚĞǀĞůŽƉŵĞŶƚ�ĂŶĚ�ƐĞůĨ-fulfillment. 
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For children with disabilities, partaking in sports presents additional challenges that must be 
overcome. Any limitations caused by their disabilities, especially in patients with more severe 
cases, may be a source of discouragement. As a result, disabilities are often responsible for a 
decrease or even an arrest in sports, which hinders their well-being of these children. In fact, 
sports allow an improvement in physical and mental health, and particularly social skills and 
self-esteem in these children. 

In order for benefit rather than harm these children with disabilities, physical activity must be 
ƐƵƉĞƌǀŝƐĞĚ�ĂŶĚ�ĂĚĂƉƚĞĚ�ĚĞƉĞŶĚŝŶŐ�ŽŶ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ƐƉĞĐŝĨŝĐ�ĚŝƐĂďŝůŝƚǇ�ĂŶĚ�ĚĞŐƌĞĞ�ŽĨ�ƐĞǀĞƌŝƚǇ͘�
Meticulously detailed recommendations may be found on the website of the French 
Federation for Handicapped Sport. 

In this presentation, recommendations for the practice of sports in children with certain 
orthopedic pathologies will be discussed, followed by a portrayal of the experience of the 
parasports division of thĞ�ZŽƋƵĞƚĂŝůůĂĚĞ�ĐŚŝůĚƌĞŶ͛Ɛ�ƌĞŚĂďŝůŝƚĂƚŝŽŶ�ĐĞŶƚĞƌ͘ 

Orthopedic pathologies and sports 

1. Cerebral palsy 

The proposed sporting activity depends on the ůĞǀĞů�ŽĨ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ĚŝƐĂďŝůŝƚǇ͘�^ƉŽƌƚƐ�ĂůůŽǁ�ĂŶ�
improvement in motor function, especially in skill and strength, and an increase in bone 
density [6]. In counterpart, physical activity has little effect on the improvement of gait [2]. 
Sports teams also allow social interaction. 

All activity must be supervised, since abnormal muscle control in these children can lead to 
both muscle and bone injuries [5,11]; wheelchair-based exercises may lead to injuries of the 
upper limbs, especially the shoulders. If there is a history of convulsions, certain activities 
must be avoided, such as aquatic sports and activities requiring high-speed movement or 
ballistic equipment (shooting, archery). The choice of sport must be made after an initial 
ĞǀĂůƵĂƚŝŽŶ�ŽĨ� ƚŚĞ�ĐŚŝůĚ͛Ɛ�ĐĂƉĂďŝůŝƚŝĞƐ� ϱ͘�The type of activity, its duration, and its intensity 
must be personalized for each individual child [4,14]. 

2. Neuromuscular diseases  
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In children with myopathies or infantile spinal muscular atrophy, sports allow an 
improvement in quality of life and both gait and wheelchair use and slows the progression of 
the disease by slowing muscular deterioration [1,3,8]. However, if the level of exercise is too 
intense, this may cause an elevation in creatine phosphokinase and lead to the detriment of 
muscle [12]. Resistance or eccentric training risk exacerbating the dystrophic process [7].  

Physical exercise is very beneficial for patients with neuromuscular diseases, as long as they 
are moderate in intensity [6]. In case of fatigue or pain, activity should be limited in terms of 
duration, intensity, and frequency [7,12]. 

3. Juvenile chronic arthritis 

Sports allow muscular reinforcement and increased endurance and bone density [13]. Non-
weight-bearing activities are preferable, especially aquatic sports [9,10]. In patients with 
progressive disease, and depending on the anatomical location of the affliction, the sport may 
increase the risk of articular damage, or may even lead to fractures or neurological 
complications [6]. It is therefore imperative to adapt the level of activity depending on each 
ĐŚŝůĚ͛Ɛ�ĂďŝůŝƚŝĞƐ͘ 

Parasports division of the Roquetaillade children͛s rehabilitation center.  

The Roquetaillade center is a pediatric follow-up care and rehabilitation center managed by 
the Order of Malta. It is situated next to the Auch commune in the Gers department in France. 
The center is specialized in orthopedics, burns, and neuromuscular diseases. Children who 
are admitted are provided rehabilitation, schooling and readaptation.  

In 2004, an athletic study center for children with disabilities was founded at the 
Roquetaillade center. This was the first of its kind in France and was realized in association 
with the French chapter of order of Malta and the ministry of national education (Carnot 
College in Auch). The goals of this athletic section were to provide young people with motor 
disabilities of the high-school or equivalent age, a profound sporting experience in the setting 
of an athletic study section, at the same level as in able-bodied children. Multiple levels of 
activity were proposed: Discovery of a sporting activity, perfecting capacities, competition, 
and insertion with able-bodied children. Sporting coordination was ensured by a physical and 
sports education professor who was at the behest of the Carnot school for a period of 4 hours 
a week. Children were admitted after examination of their academic files and a medical 
assessment. The athletic section offered multiple sporting activities. The type of sport was 
ĐŚŽƐĞŶ�ĂƐ�Ă�ĨƵŶĐƚŝŽŶ�ŽĨ�ƚŚĞ�ĐŚŝůĚ͛Ɛ�ĐĂƉĂĐŝƚǇ�ĂŶĚ�ǁĂƐ�ĂůǁĂǇƐ�ĂĚĂƉƚĞĚ�ƚŽ�ƚŚĞŝƌ�ůĞǀĞů�ŽĨ�ĚŝƐĂďŝůŝƚǇ͘�
This included sports that were agreed upon by the French Federation for Handicapped Sport, 
represented at the Paralympic games or in national competitions: horse-back riding, table 
tennis, sport blowgun, swimming, shooting, athletics, judo, archery, boccia, basketball, 
tennis, Olympic-style weightlifting, and handbike (figures 1-6).  
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The primary results were very encouraging, with the integration of 12 children in the athletic 
division. The sports in question included horseback riding, swimming, football (soccer), table 
tennis, shooting, boccia, and blowgun.  

However, partnership with the ministry of national education was cut short, which put an end 
to the athletic study section. This was later replaced by the Saint-Jacques Roquetaillade 
parasports organization, which works in partnership with the departmental and regional 
parasports comities. Sports tournaments are regularly arranged with its culmination being 
ƚŚĞ�͞EĂƚŝŽŶĂů�'ĂŵĞƐ�ŽĨ� ƚŚĞ�&ƵƚƵƌĞ�WĂƌĂƐƉŽƌƚƐ͟�ǁŚŝĐŚ� ƚĂŬĞ�ƉůĂĐĞ�ĞǀĞƌǇ�Ϯ�ǇĞĂƌƐ�ĂŶĚ�ǁŚŝĐŚ�
welcome, depending on the edition, 450 to 650  young people. The official program is 
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composed of 12 sporting activities: Athletics, basketball, boccia, fencing, 5-man football 
(soccer), swimming, table tennis, blowgun, archery, shooting, and tricycling. The parasports 
division of Roquetaillade includes 10 to 15 participants each year. Some have undertaken 
grand performances: participating in the Paralympic games, French blowgun championship, 
world and European champions in wheelchair football (soccer). The evaluation of athletes in 
the Roquetaillade center confirms the importance of sports in these children which has a 
major impact on motor function, quality of life, and well-being. 

Conclusion  

The importance of sports for the physical and mental well-being of disabled children should 
no longer be debated. Nevertheless, the level of physical activity must be adapted to the 
disability of each child in order to avoid injury.  

The role of the parasports division renders sports accessible to all children with motor 
disabilities and allows better social integration. 
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Osteochondritis (OCD) of the knee is a pathology of the joint cartilage and underlying  
subchondral bone. OCD in skeletally immature patients is designated as juvenile OCD. Its 
preferred location is the lateral aspect of the medial femoral condyle. These types of lesions 
are generally classified based on their radiographic [1,2], MRI [3,4], and arthroscopic 
appearances [5,6]. The risk of progression is predicted primarily by the age of onset [7] and 
stability of the lesion [8,9]. 

The goal of treatment, in addition to pain relief, is to reconstitute the subchondral bone and 
prevent articular surface degeneration, ultimately preventing early secondary arthritis, 
especially in patients which a loose osteochondral fragment. 

Surgical management of OCD may be considered after conservative treatment has failed. 
dŚĞƐĞ�ŵŽĚĂůŝƚŝĞƐ�ĚĞƉĞŶĚ�ŽŶ� ƚŚĞ�ƉĂƚŝĞŶƚ͛Ɛ� ƐǇŵƉƚŽŵƐ�ĂŶĚ� ƐŬĞůĞƚĂů�ŵĂƚƵƌŝƚǇ͕� ĂƐ�ǁĞůů� ĂƐ� ƚŚĞ�
characteristics of the lesion (nature, location, size, and stability). Nevertheless, surgical 
management remains controversial without any real consensus on the matter. Nonetheless, 
different therapeutic options will be discussed, and a management algorithm based on the 
results in the literature will be suggest.  

If surgical management of an osteochondral lesions is considered, associated favoring 
mechanical factors, such as axial deformities of the lower limbs, especially frequently 
encountered in more severe cases, must also be addressed. 

I ʹ Surgical techniques  

1. Arthroscopic exploration and assessment 

Surgical management in patients presenting with OCD begins with an arthroscopic 
exploration of the knee, including inspection and testing of the osteochondral lesion with a 
hook. The lesion is thus characterized based on its appearance, size, and stability, allowing to 
either confirm or adjust the considered surgical technique [6] (figure 1). 
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Figure 1: Arthroscopic classification of osteochondral lesions of the knee. 

Furthermore, certain arthroscopic appearances may correspond to both a stable and unstable 
lesion on MRI. As a result, considering the progress made in the field of magnetic resonance 
imaging, especially its ability to diagnose early lesions and its high sensitivity in evaluating 
signs of secondary instability [10], in cases where MRI and arthroscopy confer conflicting 
results, the surgical strategy should preferentially be based on the appearance on MRI. 

The patients and their families should be informed of the possibility of such discordant 
findings during arthroscopic exploration compared to preoperative imaging, with a possible 
intraoperative change in surgical strategy and technique. These possibilities should be 
anticipated, and the appropriate instruments and materials should be readily available. In the 
case where a more severe lesion than previously thought is encountered and a change in 
surgical technique is required, the surgeon should not hesitate to delay the surgical 
reconstruction if the required tools are lacking until the appropriate instruments are 
available. 

2. Microfractures  

The surgical creation of microfractures in the treatment of OCD is considered as the standard 
surgical technique by many authors. It is less frequently used in France, where the perforation 
(Pridie) technique is more common. 

The principle of this techniques is to mobilize the subchondral mesenchymal stem cells which 
colonize a post traumatic blood clot by punching a hole around the osteochondral lesion via 
a direct transchondral approach. This technique generally undertaken by an arthroscopic 
approach. After debridement of the lesion and removal of the calcified plaque (Tidemark), a 
hole is made through the residual cartilaginous tissue using a fine awl or an angulated punch, 
at 3 to 4mm intervals. The areas where the microfractures were created must be checked for 
bleeding at the end of the intervention [11].  

The healing process is achieved through a relatively quick formation of fibrocartilaginous 
tissue ensuring the fusion of the osteochondral lesion. However, these fibrocartilaginous 
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formations seem to lose stability over the long term, with progressive degradation taking 
place [12]. 

3. Autologous matrix-induced chondrogenesis 

Autologous matrix-induced chondrogenesis is an evolution of the previously described 
surgical technique and consists of enclosing the clot induced by the microfractures by 
trapping it in a protective membrane. This membrane is generally fashioned out of 
periosteum or collagen (e.g. Chondro-gide®) that is either glued or sutured over the 
osteochondral loss of substance [13]. This membrane plays the role of a matrix securing the 
proteoglycans in place and inducing chondrogenic differentiation. 

Early studies were very promising, with other authors later questioning the real efficacy of 
this technique [14]. 

4. Drilling 

The drilling technique is much more frequently used in France compared to the 
microfractures technique. Pridie introduced the essential principles of drilling the exposed 
subchondral bone with the aim of achieving fibrocartilaginous healing, even before Smillie 
developed the drilling technique for osteochondritis dissecans [15]. 

This surgical technique is indicated after failure of conservative treatment of a stable lesion 
with a preserved cartilaginous surface.  

The objective of this technique is to permeabilize the area of sclerotic bone surrounding the 
osteochondral lesion in order to induce bony healing through a local secretion of growth 
factors, revascularization of the osteochondral area, and migration and proliferation of 
osteochondral cells. This consists of perforating the floor of the lesion, either through a trans-
chondral approach through the joint cartilage, or by a retroarticular approach. Both provide 
similar clinical and radiographic results (95% after 15 months of follow-up in patients between 
10 and 16 years old) [16]. 

4.a. Trans-chondral drilling 

Trans-chondral drilling is performed on stable lesions via knee arthroscopy, even though it 
was initially described by Smillie via open arthrotomy [15]. The osteochondral lesion is drilled 
by a retrograde approach directly through the cartilaginous surface by using fine K-wires 
(1.2mm) at a depth of 15 to 20mm (figure 2).  
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Figure 2: Arthroscopic view of trans-chondral drilling to treat stable osteochondritis 
dissecans. 

Afterwards, a 1-month period of strict bed rest with complete unloading of the limb is 
imperative. Results are generally satisfactory, with younger subjects showing better results. 

4.b. Retroarticular drilling 

Retroarticular drilling implies the use of fluoroscopy. This technique respects the cartilaginous 
surface as well as the physis by utilizing a retrolesionnal and transepiphyseal approach. The 
K-wires are introduced under fluoroscopic guidance through the femoral condyle, on both 
anteroposterior and lateral images, until reaching the cartilage. A maximal number of 
perforations must be performed, covering the entire surface of the lesion [17,18] (figure 3). 

  

Figure 3: Depiction of the fluoroscopic anteroposterior and lateral views of the retroarticular 
perforations technique.  

5. Fixation of an osteochondral fragment  

When MRI confirms the unstable nature of an osteochondral fragment, fixation of said 
fragment is the preferred method, and is ideally undertaken via fluoroscopic guidance. 
However, in order to achieve proper fixation, a sufficiently large fragment is required. 

The bed of the osteochondral fragment is first debrided and prepared, then perforated by K-
wires as previously described. If the lesion is too deep relative to the thickness of the loose 
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fragment thereby leaving a dead space after restoring the fragment, a cancellous bone graft 
from either the iliac crest of the proximal tibial metaphysis should be used. 

In sum, the fragment is restored and maintained in place by a thin temporary K-wire. 
Osteosynthesis is then realized by 1 or 2, ideally cannulated, or even doubly threaded, screws. 
The head of the screws must be countersunk within the cartilaginous surface in order to avoid 
any local retractions any friction between tibial plateau and the screw head (figure 4). 

  

Figure 4: Fixation of an unstable osteochondral fragment. a: fixation by 1 metallic screw. b: 
ĂďƐŽƌďĂďůĞ�͞ůŽǁ-ƉƌŽĨŝůĞ͟�^ŵĂƌƚEĂŝů® ConMed® implants presenting alternatives to screws.  

Both standard and absorbable screws may be used. In fact, metallic screws present the 
inconvenience of causing artefacts on a future MRI and are frequently the source of 
significant local friction, thus requiring revision surgery for the removal of the screw [5]. As 
such, absorbable screws essentially made out of two materials are preferred: polyglycolic acid 
(PGA) and Polylactic acid (PLA). The former has the advantage of being relatively fast 
absorbing (around 3 months) but generates a significant amount of local inflammation [19], 
whereas the latter has a slower absorption time (up to 6 years) which may lead to similar 
complications as non-absorbable screws [20].  

Another alternative is an association of the 2 polymers. These implants are not screws, but 
rather jagged nails which avoid cut-out and allow compression of the fragment with a shallow 
head (low profile) [21] (figure 4).  

The outcomes of fragment fixation are globally satisfactory in children with better results than 
in adults [22]. 

6. Autologous osteochondral graft 

The principle of autologous osteochondral grafting consists of packing the prepared defect 
zone with osseous tissue covered by a cartilaginous surface. The graft is harvested from a 
non-weight-bearing area in order to limit morbidity at the donor site. 
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The graft may consist of a single osteochondral block: this technique is limited in terms of 
grafting surface, since morbidity increases with the size of the harvested area and with the 
incongruency of the shape of the grafting area relative to that of the bone graft (radius of the 
curve). This technique is indicated in less extensive lesions. 

Alternatives consist of grafting one or multiple cylinders (mosaic) allowing to globally model 
the shape of the grafting volume while playing on the lengths of different implanted grafts 
(plasty). 

6.1. Mosaicplasty 

This technique of osteochondral grafting allows the reconstruction of surfaces presenting a 
relatively extended loss of substance. Initially attempted by Matsusue in 1988 [23], it was 
later developed by Hangody in the early 1990s, who based their findings on experimental 
animal studies and backed by a large number of case series with good global outcomes 
(around 90% depending on the series and outcome criteria) [24,25]. Outcomes are generally 
better in younger subjects [26]. 

In fact, histological studies of grafted areas show that, 10 weeks after grafting, 60 to 70% of 
the grafted surface is formed by hyaline cartilage and 30 to 40% fibrocartilage. Similar results 
have been found in studies on humans who were biopsied 5 years after grafting. 

Mosaicplasty presents, compared to autologous chondrocyte grafting ʹ its modern 
alternative ʹ the advantages of being easy-to-use since it does not require cellular cultures 
(and the means that this imposes), and being undertaken as a single event.  

Objectives:  

The objectives of mosaicplasty include: 

x After debridement and preparation, completely fill the volume of the osteochondral 
lesion until reaching a healthy bony bed. The bony part of the graft must be in contact 
with the healthy bone.  

x The surface of the grafted cartilage must constitute 70% of the surface of the defect 
(80% for some authors). 

x Respect the physis which is deep to the lesion site. Figure 5 illustrates the procedure. 

  

Figure 5 : Illustration of an autologous osteochondral graft by mosaicplasty. a: initial lesion. 
b: harvesting of the first graft and preparation of the grafting area. c: final grafting with 7 
grafts harvested from both edges of the trochlea. 
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Approach:  

Mosaicplasty is undertaken either via open arthrotomy (medial or lateral parapatellar 
approach depending on the location of the lesion) or by arthroscopy, depending on the 
ƐƵƌŐĞŽŶ͛Ɛ�ĞǆƉĞƌŝĞŶĐĞ�ǁŝƚŚ�ĂƌƚŚƌŽƐĐŽƉǇ͕�ƚŚĞ�ĂĐĐĞssibility of the osteochondral lesion, and the 
available instruments. 

Materials and instruments:  

Specific instruments are required, including drill bits for the preparation of the grafting site 
(with possibly an adjustable depth stop) of different diameters (2, 7 and 8mm), chisels for 
graft harvesting with diameters in accordance with those of the preparation drill bits, an 
adapted bone impactor, and a tube with a depth gage for the easy positioning of the grafts.  

Donor sites: 

The harvesting areas include, in descending order of preference, the edges of the femoral 
trochlea, preferably the medial side (especially superomedial), then lateral, and finally the 
periphery of the femoral intercondylar notch [27]. Some surgeons prefer harvesting from the 
edge of the contralateral femoral condyle in order to identify the origins of any possible future 
pain [28]. 

The lateral edge of the trochlea allows harvesting of larger grafts (up to 3 grafts of 10 to 11mm 
each), a more delicate procedure on the medial side (grafts of 7 to 8mm each) and at the 
intercondylar notch (grafts of 6mm each). 

Note that the areas of bone and cartilage loss secondary to the harvesting of the grafts may 
bleed and may be responsible for a postoperative hematoma. As a result, some authors 
suggest packing these defects with, for example, collagen gauzes which allow, in addition to 
their powerful hemostatic abilities, proper reconstitution of a fibrocartilaginous surface [29]. 

Preparation of the grafting site:  

Preparation consists of debriding any fibrous tissue and questionable edges around the lesion 
area using a shaver and/or a curette until reaching healthy cartilaginous edges that are 
regular and perpendicular to the subchondral bone. The depth of the lesion is debrided using 
a curette or a burr until arriving at healthy bone. Although contact with healthy tissue, either 
cartilaginous or bony, is essential for the graft to take properly, graft harvesting is 
nevertheless realized with moderation in order to avoid unnecessary damage. 

The grafting area which will be receiving the cylindrical grafts is prepared with a drill bit, the 
diameter of which corresponds to the diameter of the cylinders. The required drilling depth 
should be previously set on the drill bit. Preparation of the osteochondral lesion must be done 
in a perfectly perpendicular fashion which implies a very precise and delicate positioning of 
the drill bit. The different cylinders should be either spaced at intervals of 1mm, or in contact 
with one another. This implies meticulous placement of the drill bit in order to achieve 
perfectly parallel tubes. 
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In practice, the grafting area is drilled after the osteochondral grafts have been harvested in 
order to ensure compatibility of size (height of graft and depth of the grafting area), a process 
which is easier to control while drilling rather than harvesting. 

Size and amount of graft:  

The sizes of the grafts depend on the depth of the osteochondral lesion, the defect that must 
be filled, and the distance to the physis (which must be respected). Practically, the graft often 
has a length of around 15 to 25mm. The diameters of the grafts depend on both the size and 
shape of the defect and surgeon preference. Nevertheless, recent publications tend toward 
harvesting larger grafts, which present with the advantage of increased stability, generating 
less fibrous interposition between the fragments, providing a wider cartilaginous surface, and 
minimizing the risk of causing a fracture of the donor site. An alternative would be to harvest 
cylinders of varying diameters in order to optimize it to the shape of the lesion (>80%). The 
number of grafts required should be determined at the beginning of the intervention after 
the osteochondral lesion has been evaluated by comparing its surface to bone impactors of 
different diameter. 

Graft harvesting:  

Specific instruments are required, including drill bits of different diameters (2, 7 and 8mm) 
for the preparation of the grafting site (with possibly an adjustable depth stop), chisels for 
graft harvesting with diameters in accordance with those of the preparation drill bits, an 
adapted bone impactor, and a tube for easy positioning of the graft with a depth gage.  

Harvesting is undergone with dedicated tubular chisels. Care must be taken to properly place 
the chisels perpendicularly to the articular surface (figure 6).  

 

Figure 6 : Illustration of the arthroscopic view of the chisel during graft harvesting placed 
perpendicular to the lateral edges (a) of the trochlea far from the patellar tendon (b). Note 
the gradations (arrow) on the chisel for gaging the length of the graft. 

The chisel is then slowly advanced as to avoid excessively heating the surrounding tissues. 
Once the proper depth is reached, determined beforehand on the chisel, the graft is detached 
from its base by repetitive varus-valgus movements around the axis of the chisel. Care must 
be taken during this process in order to avoid fracturing the harvesting site. 

A distance of 3mm should be respected between the different fragments. 
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Implantation of the graft:  

Various methods exist depending on whether a non-press-fit effect (cylinders at the grafting 
area are slightly dilated at the surface by using a slightly conic dilator, in order to allow a non-
traumatic implantation) or a press-fit effect (cylinders of 1mm smaller diameter than the bone 
graft) is desired. Animal studies have shown that a press-fit effect is preferable for graft taking 
and is thus recommended by many authors [30].  

The graft is introduced through a tubular introducer of proper diameter and is then implanted 
with a bone impactor passed through the introducer, thus pushing the graft to the far end of 
the defect area. The graft must be introduced until the cartilaginous surface becomes level 
with the contiguous healthy or grafted cartilage (ideally, the height would be assessed using 
the bone impactor). 

The cartilaginous surfaces must invariably be level with each other. In fact, it was previously 
established that a step off of 2mm or more would lead to involution of the cartilaginous layer 
[31]. As a result, it is important to harvest the grafts perfectly perpendicular to the articular 
surface, since a mere angulation of 10° while harvesting a 10mm diameter graft leads to a 
height difference of 1mm between the opposing edges. 

Specifics of arthroscopy:  

This technique is reserved for surgeons with experience in arthroscopy due to its high level of 
difficulty. These difficulties are essentially twofold: 

- Location of the lesion which must allow perpendicular access (figure 7). 

  

- Size of the lesion as it is more difficult to pack a lesion superior to 2cm (a maximum of 
6 cylinders). 

Patient positioning must allow knee flexion up to 120°. Entry points are more central than 
usual since the lesions are often centered around the intercondylar notch (figure 7). A needle 
can be used to determine the ideal entry point allowing for perpendicular access to the 
grafting surface. If necessary, multiple entry points may be created. Contrarily, in order to 
decrease the number of required grafts, a single, large fragment may be used to fill the defect 
(figure 8). 
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Figure 8: Arthroscopic view of an osteochondral lesion (a) treated by osteochondral grafting 
using the mosaicplasty technique with a single, 10mm-wide graft (b).  

All the instruments, including the drill bit, dilator, and chisel are graduated in order to assess 
the depth of the lesion on the instruments (figure 6).  

The remainder of the procedure is undertaken according to the same principles as in open 
procedures. 

Postoperative management: 

The limb must be unloaded for an average of 6 weeks depending on the different authors (4 
to 8 weeks), followed by progressive weight bearing. The knee is immediately mobilized in 
flexion and extension, at first only passively. 

Complications:  

The primary reported complications include postoperative hematomas, deep infections, deep 
vein thrombosis (adults), and rare, essentially painful, degenerative lesions around the donor 
site (3%) [32].  

6.2. Massive osteochondral allograft 

This relatively old technique consists of using a fresh or frozen osteochondral allograft for 
voluminous losses of tissue and is more commonly used as a salvage procedure in adults. 

6.3. Chondrocyte culture 

These techniques consist of grafting the previously prepared lesion using autologous 
chondrocytes which have been harvested during a prior surgery and have been placed in a 
culture medium in vitro for over 2 to 3 weeks [33]. First-generation grafts entailed autologous 
harvested chondrocytes, cultivated and amplified in a cellular culture medium, placed in the 
grafting area under a patch of periosteum removed from the tibia which is then sutured or 
glued to the healthy edges. Long-term results are good in patients with osteochondritis, with 
a hyaline-like tissue filling the gaps, as confirmed by histology [34]. Nevertheless,  its 
superiority to mosaicplasty was questionable and a certain number of complications were 
reported, related especially to the periosteal patch (calcifications, ossifications, avulsions, 
leakage) [35,36]. 

As such, in second-generation grafts, the patch was replaced by synthetic, protein or 
polysaccharide membranes, a technique known as autogenous matrix induced 
chondrogenesis (AMIC). These membranes contain interactive capacities with the grafted 
chondrocytes, favoring  graft taking. 

Finally, third-generation grafts consist of placing the chondrocytes in a culture medium in an 
implantable biological matrix, favorable for the promotion of cellular proliferation,  
conservation of phenotypical characteristics, and synthesis of extracellular matrix, all of which 
for a moderate cost [37]. In deeper lesions, multiple layers may be required, a technique 
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ŬŶŽǁŶ�ĂƐ�Ă�͞ƐĂŶĚǁŝĐŚ�ŐƌĂĨƚ͟�;ŝĨ�ĚĞƉƚŚ�ŽĨ�ƚŚĞ�ĚĞĨĞĐƚ�хϴŵŵͿ͘�dŚĞƐĞ�ƚŚŝƌĚ-generation grafts, 
such as those utilizing hyaluronic acid, are still being evaluated [38].  

II- The special case of osteochondral lesions of the patella 

Osteochondral lesions of the patella are less frequently encountered and are treated with the 
same surgical techniques and therapeutic indications as was previously discussed, with the 
only exception that an open approach is preferred due to difficulties in accessibility by 
arthroscopy (figure 9) [39]. 

 

Figure 9: Treatment of osteochondritis dissecans of the patella by mosaicplasty by 
arthrotomy. 
a: unstable and eroded lesion. b: preparation of the lesion area to receive the graft. c: graft 
harvesting from the lateral edge of the trochlea with a gradated cylindrical chisel. d: 
appearance of the harvesting site after removal of the graft. e: insertion of the graft into the 
lesion. f: appearance at the end of the intervention with the osteochondral graft in place. 

III- Indications  

�Ŷ�ĂůŐŽƌŝƚŚŵ͕�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ƉĂƚŝĞŶƚ͛Ɛ�ĂŐĞ� ;ŵĂũŽƌ�ƉƌŽŐŶŽƐƚŝĐ� ĨĂĐƚŽƌͿ�ĂŶĚ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ� ƚŚĞ�
lesion on MRI and arthroscopy (stability), as was proposed by Accadbled et al., with a 
modified version being later proposed based on the works on Carey and the American 
Association of Orthopedic Surgery (figure 10) [40]. 
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Figure 10: Treatment algorithm for osteochondritis dissecans of the knee according to 
Accadbled et al. [6]. 

It is to note that, if there is discordance on the stability of the lesion between MRI and 
arthroscopy, MRI is privileged for the final decision (MRI signs are encountered earlier in the 
disease process). 

IV- Conclusions  

When operative treatment of osteochondritis dissecans is indicated, it must be preceded by 
an MRI. Most often, surgery is approached via arthroscopy allowing to firstly complete a 
macroscopic evaluation of the lesions, and to secondly treat the lesion by drilling the stable 
lesions (based on MRI and/or arthroscopy), or either fixing or grafting unstable lesions. 

As for the clinical and radiographic outcomes of treatment, both drilling and mosaicplasty 
have shown good results and are relatively simple to achieve by surgeons experienced in 
arthroscopy. 

Other solutions including autologous chondrocyte or matrix grafts are promising, even though 
they may be more difficult to achieve. 
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