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Fractures of the physis

Objectives
1.  Describethelayers of the growth plate, and describe the mechanical strength of each layer.

2.  Describe the periphery of the physs, and the role these structures play in mechanica
dability of the physs
3. Describe the Sdter-Harris dassfication of growth plate injury

4.  Discussthe variaions noted in actud fracture patterns from the idealized classification and
the reasons underlying such variation

5.  Describe factors which may contribute to premature physed arrest

6.  Discuss grategies which can minimize the incidence of subsequent physed arrest following
physed fracture

Discussion

The growth plate isacommon Ste of fracture, accounting for 15-20% of al childhood fractures.
The digtd radiusis the physis most frequently fractured. Strength of the growth plate has primarily
been studied in rats, noting that the hypertrophic zone was weskest to tension, with an decreasein
grength at the onset of sexua maturation. In the bovine growth plate, with application of pure
tengon, shear, and compression forces; tension resulted in failure in the proliferative zone, shear at
the junction between the proliferative and hypertrophic zones, and compression at the leve of the
cacified cartilage bars. In such studies, the contribution of the perichondrid ring of LaCroix and
node of Ranvier are often not studied, and the protective effect of these structuresis not considered.
Especidly protective isthering of LaCroix with its extension of metgphysed bone protecting the
periphery of the phys's, dthough this protection becomes less effective in adolescence. In addition,
actud injuring forces are seldom pure tension, shear, of compression; thus differing parts of the
growth plate can be subject to differing forces. Findly, the undulation of the plate (more so in the
distd femur, lessin the diga radius, etc) and its mamillary processes provide some resstance to
shear. In actua specimens of digta tibia physed fractures, the fracture line meandered through
different zones of the physis.

Nonetheless, the Sdlter-Harris classfication has been used for 40 years as the primary classfication
of growth plate injuries, and full knowledge of this classfication isessentid. Typel injuriesare
separations of the growth plate without bony fracture. Type Il fracturesinclude a variable amount
of metaphsed bone with the epiphysed fragment, the fracture line isthe same as Type | except
where it extends into the metaphyss. Type Il injuriesinclude a physed component asin group |,
with an extenson of the fracture line through the epiphysisinto thejoint. TypelV injuriesare
characterized by the fracture line extending through the epiphysis, physs, and metaphysis. These



injurieswill result in premature arrest if not anatomically reduced. TypeV injuries are crush
injuriesto the plate. Peterson has questioned the existence of an isolated Type V fracture.

Fractures of the distd femord physes and digtd tibid physes, rdaively common injuries where
weightbearing forces play alarge rolein injury, type Il fractures can be followed by premature
physed arrest. Thisisundoubtedly secondary to the factors enumerated above, and underscores
the need for gentleness when attempting reduction of such injuries. If a segment of physsremains
with the distal fragment; and repested attempts at closed reduction without muscular relaxation are
meade, it is not difficult to imagine that further injury to the physis can occur iatrogenicaly.

Princples of minimizing complicatiors after physed injuries thus include gentleness of reduction,
and anatomic reduction of injuries (Type 1V in particular) which will result in growth arrest if not
anatomicaly reduced. Typelll fractures not anatomically reduced will result in joint incongruity
and deformity if not anatomicaly reduced but physed growth will generdly continue (latera
humerad condyle fractures). Type | fractures of the proxima femur carry avery different prognosis
with age; in the infant the growth plate is extracapsular and well ossified, in the adolescent, the
growth plate is intracgpsular and the blood supply travels a precarious path up the intracapsular
femora neck.

Resection of established physed bridging between the metaphysis and epiphysis has been effective
in re-establishing growth if the bony bridge is not too large, and the duration of the bridge is not too
long. Obvioudy, injuries such as those secondary to lawnmower injuries which include large
injuring forces can produce further direct damage to the resting zone on both fragments can further
complicate recovery of the physis and increase the possibility of physed bridging. In such
ingtances, careful monitoring of further growth of the affected physisis mandatory. The need for
follow-up after physed injuries is often not recorded in the literature, but documentation of further
norma growth after a physed fracture seems a very reasonable requirement before discharging a
patient from further follow-up after physed injury.

References

1.  Bright RW, Bursein AH, Elmore SM. Epiphysed-plate cartilage: A biomechanica and
higologicd andyss of fallure modes. J Bone Joint Surg(Am) 1974;56.688-703.

2. Broughton NS, Dickens DR, Cole WG, Mendaus MB. Epiphyseolysisfor partia growth
plate arrest. Results after four years or at maturity. Journd of Bone & Joint Surgery - British
Volume 1989;71(1):13-6.

3. lannotti JP, Goldstein S, Kuhn J, Lipidlo L, Kaplan FS, Zaleske DS. the formation and
growth of skeletd tissues. In: Buckwalter JA, Einhorn TA, Smon SR, editors. Orthopaedic Basic
Science.  Biology and biomechanics of the musculoskdetd system: Amercian Academy of
Orthopaedic Surgeons, 2000. p. 78-109.

4.  Moen CT, Pdker RR. Biomechanicd and histological correationsin growth plate falure. J
Pediatr Orthop 1984;4:180--84.

5. Ogden JA. Injury to the growth mechanisms of the immature skeleton. Skeletal Radiol
1981;6:237-53.



6. Peterson HA. Physed and apophysed injuries. In: Rockwood CA, J., Wilkins KE, Beaty
JH, editors. Fracturesin children. Philadephia: Lippincott-Raven; 1996. p. 103-65.

7.  Sdter RB, HarisWR. Injuries involving the growth plate. J Bone Joint Surg(Am)
1963,45:587-622.



