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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�΀ϭ΁͘�^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�΀ϭϭ΁͘ 

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�΀ϱ͕Ϯϭ͕ϮϮ΁͘ 

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-Ϯϴ΁͘�^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�΀ϯϬ΁͘�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�΀ϯϱ΁͘�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. 

Bibliographie  

1. Scheuermann HW. Kyphosis dorsalis juvenalis. Ugeskr Laeger. 1920;(82):38593. 
Ϯ͘� �ůŝ� ZD͕� 'ƌĞĞŶ� �t͕� WĂƚĞů� d�͘� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ͘� �Ƶƌƌ� KƉŝŶ� WĞĚŝĂƚƌ͘� ĨĠǀƌ�
1999;11(1):705.  
ϯ͘� 'ƌĞĞŶĞ� d>͕� ,ĞŶƐŝŶŐĞƌ� ZE͕� ,ƵŶƚĞƌ� >z͘� �ĂĐŬ� ƉĂŝŶ� ĂŶĚ� ǀĞƌƚĞďƌĂů� ĐŚĂŶŐĞƐ� ƐŝŵƵůĂƚŝŶŐ�
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͘�:�WĞĚŝĂƚƌ�KƌƚŚŽƉ͘�ĨĠǀƌ�ϭϵϴϱ͖ϱ;ϭͿ͗ϭϳ͘ 
ϰ͘� �ůĞǀĞůĂŶĚ� Z,͕� �ĞůŽŶŐ� 'Z͘� dŚĞ� ƌĞůĂƚŝŽŶƐŚŝƉ� ŽĨ� ũƵǀĞŶŝůĞ� ůƵŵďĂƌ� ĚŝƐĐ� ĚŝƐĞĂƐĞ� ĂŶĚ�
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͘�WĞĚŝĂƚƌ�ZĂĚŝŽů͘�ĨĠǀƌ�ϭϵϴϭ͖ϭϬ;ϯͿ͗ϭϲϭϰ͘� 
5. Paajanen H, Alanen A, Erkintalo M, Salminen JJ, Katevuo K. Disc degeneration in 
Scheuermann disease. Skeletal Radiol. 1989;18(7):5236. 
ϲ͘�>ŽǁĞ�d'͘�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ͘�EĞƵƌŽƐƵƌŐ��ůŝŶ�E��ŵ͘�Ăǀƌ�ϮϬϬϳ͖ϭϴ;ϮͿ͗ϯϬϱϭϱ͘� 
7. Temponi EF, de Macedo RD, Pedrosa LOG, Fontes BPC. ^ĐŚĞƵĞƌŵĂŶŶ͛ƐŬǇƉŚŽƐŝƐ͗�
comparison between theposteriorapproachassociatedwithsmith- petersen osteŽƚŽŵǇ� ĂŶĚ�
ĐŽŵďŝŶĞĚ�ĂŶƚĞƌŝŽƌͲƉŽƐƚĞƌŝŽƌ�ĨƵƐŝŽŶ͘�ZĞǀ��ƌĂƐ�KƌƚŽƉ͘�ĚĠĐ�ϮϬϭϭ͖ϰϲ;ϲͿ͗ϳϬϵϭϳ͘� 
8. Scoles PV, Latimer BM, DigIovanni BF, Vargo E, Bauza S, Jellema LM. Vertebral alterations 
ŝŶ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ͘�^ƉŝŶĞ͘�ŵĂŝ�ϭϵϵϭ͖ϭϲ;ϱͿ͗ϱϬϵϭϱ͘ 
9. Papagelopoulos PJ, Mavrogenis AF, Savvidou OD, Mitsiokapa EA, Themistocleous GS, 
^ŽƵĐĂĐŽƐ� WE͘� �ƵƌƌĞŶƚ� ĐŽŶĐĞƉƚƐ� ŝŶ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ͘� KƌƚŚŽƉĞĚŝĐƐ͘� ϮϬϬϴ͖ϯϭ;ϭͿ͗ϱϮϴ͖�
quiz 5960.  
10. Nissinen M. Spinal posture during pubertal growth. Acta Paediatr Oslo Nor 1992. mars 
1995;84(3):30812.  
11. Horn SR, Poorman GW, Tishelman JC, Bortz CA, Segreto FA, Moon JY, et al. Trends in 
Treatment of Scheuermann Kyphosis: A Study of 1,070 Cases From 2003 to 2012. Spine 
Deform. 2019;7(1):1006.  
12.Damborg F, Engell V, Nielsen J, Kyvik KO, Andersen MØ, Thomsen K. Genetic epidemiology 
ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͘��ĐƚĂ�KƌƚŚŽƉ͘�ŽĐƚ�ϮϬϭϭ͖ϴϮ;ϱͿ͗ϲϬϮϱ͘� 
13. Hart ES, Merlin G, Harisiades J, Grottkau BE. ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ƚŚŽƌĂĐŝĐ� ŬǇƉŚŽƐŝƐ� ŝŶ� ƚŚĞ�
ĂĚŽůĞƐĐĞŶƚ�ƉĂƚŝĞŶƚ͘�KƌƚŚŽƉ�EƵƌƐ͘�ĚĠĐ�ϮϬϭϬ͖Ϯϵ;ϲͿ͗ϯϲϱϳϭ͖�ƋƵŝǌ�ϯϳϮ3.  
ϭϰ͘�̂ ŽƌĞŶƐĞŶ�<,͘�̂ ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ũƵǀĞŶŝůĞ�ŬǇƉŚŽƐŝƐ�͗ �ĐůŝŶŝĐĂů�ĂƉƉĞƌĂŶĐĞƐ͕�ƌĂĚŝŽŐƌĂƉŚǇ͕�ĞƚŝŽůŽŐǇ�
and prognosis. Munksgaard. Ann Arbor, MI; 1964. 
15. Wenger DR, Frick SL. Scheuermann kyphosis. ^ƉŝŶĞ͘�ϭϱ�ĚĠĐ�ϭϵϵϵ͖Ϯϰ;ϮϰͿ͗ϮϲϯϬϵ͘� 



106 
 

16. Mac-Thiong J-M, Labelle ,͕� �ĞƌƚŚŽŶŶĂƵĚ� �͕� �Ğƚǌ� ZZ͕� ZŽƵƐƐŽƵůǇ� W͘� ^ĂŐŝƚƚĂů� ƐƉŝŶŽƉĞůǀŝĐ�
ďĂůĂŶĐĞ� ŝŶ�ŶŽƌŵĂů� ĐŚŝůĚƌĞŶ�ĂŶĚ�ĂĚŽůĞƐĐĞŶƚƐ͘��Ƶƌ�^ƉŝŶĞ� :�KĨĨ�WƵďů��Ƶƌ�^ƉŝŶĞ�^ŽĐ��Ƶƌ�^ƉŝŶĂů�
�ĞĨŽƌŵ�^ŽĐ��Ƶƌ�^ĞĐƚ��Ğƌǀ�^ƉŝŶĞ�ZĞƐ�^ŽĐ͘�ĨĠǀƌ�ϮϬϬϳ͖ϭϲ;ϮͿ͗ϮϮϳϯϰ͘� 
17. Blondel B, Schwab F, Ungar B, Smith :͕��ƌŝĚǁĞůů�<͕�'ůĂƐƐŵĂŶ�^͕�Ğƚ�Ăů͘�/ŵƉĂĐƚ�ŽĨ�ŵĂŐŶŝƚƵĚĞ�
ĂŶĚ�ƉĞƌĐĞŶƚĂŐĞ�ŽĨ�ŐůŽďĂů�ƐĂŐŝƚƚĂů�ƉůĂŶĞ�ĐŽƌƌĞĐƚŝŽŶ�ŽŶ�ŚĞĂůƚŚͲƌĞůĂƚĞĚ�ƋƵĂůŝƚǇ�ŽĨ�ůŝĨĞ�Ăƚ�ϮͲǇĞĂƌƐ�
ĨŽůůŽǁͲƵƉ͘�EĞƵƌŽƐƵƌŐĞƌǇ͘�ĂŽƸƚ�ϮϬϭϮ͖ϳϭ;ϮͿ͗ϯϰϭϴ͖�ĚŝƐĐƵƐƐŝŽŶ�ϯϰϴ͘� 
18. Glassman SD, Bridwell K, Dimar JR, Horton W, Berven S, Schwab F. The impact of positive 
sagittal balance in adult spinal deformity. Spine. 15 sept 2005;30(18):20249.  
19. Lafage V, Schwab F, Vira S, Patel A, Ungar B, Farcy J-P. Spino-pelvic parameters after 
surgery can be predicted: a preliminary formula and validation of standing alignment. Spine. 
juin 2011;36(13):103745.  
20. Mac-Thiong J-M, Transfeldt EE, Mehbod AA, Perra JH, Denis F, Garvey TA, et al. Can c7 
plumbline and gravity line predict health related quality of life in adult scoliosis? Spine. 1 juill 
2009;34(15):E519-527.  
21. Gokce E, Beyhan M. Radiological imaging findings of scheuermann disease. World J Radiol. 
28 nov 2016;8(11):895901.  
22. Solomou A, Kraniotis P, Rigopoulou A, Petsas T. Frequent Benign, Nontraumatic, 
Noninflammatory Causes of Low Back Pain in Adolescents: MRI Findings. Radiol Res Pract. 
2018;2018:7638505.  
Ϯϯ͘��ƌĂĚĨŽƌĚ��^͕�DŽĞ�:,͕�DŽŶƚĂůǀŽ�&:͕�tŝŶƚĞƌ�Z�͘�̂ ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ͘�ZĞƐƵůƚƐ�ŽĨ�ƐƵƌŐŝĐĂů�
treatment by posterior spine arthrodesis in twenty-two patients. J Bone Joint Surg Am. juin 
1975;57(4):43948.  
24. Bartynski WS, Heller MT, Grahovac SZ, Rothfus WE, Kurs-Lasky M. Severe thoracic 
kyphosis in the older patient in the absence of vertebral fracture: association of extreme 
curve with age. AJNR Am J Neuroradiol. sept 2005;26(8):207785. 
25. Propst-Proctor SL, Bleck EE. Radiographic determination of lordosis and kyphosis in 
normal and scoliotic children. J Pediatr Orthop. juill 1983;3(3):3446.  
26. Bernhardt M, Bridwell KH. Segmental analysis of the sagittal plane alignment of the 
normal thoracic and lumbar spines and thoracolumbar junction. Spine. juill 1989;14(7):71721.  
27. Boseker EH, Moe JH, Winter RB, Koop SE. Determination of « normal » thoracic kyphosis: 
a roentgenographic study of 121 « normal » children.�:�WĞĚŝĂƚƌ�KƌƚŚŽƉ͘�ĚĠĐ�ϮϬϬϬ͖ϮϬ;ϲͿ͗ϳϵϲϴ͘� 
28. Stagnara P, De Mauroy JC, Dran G, Gonon GP, Costanzo G, Dimnet J, et al. Reciprocal 
angulation of vertebral bodies in a sagittal plane: approach to references for the evaluation 
of kyphosis and lordosis. Spine.�ĂŽƸƚ�ϭϵϴϮ͖ϳ;ϰͿ͗ϯϯϱϰϮ͘� 
29. Ristolainen L, Kettunen JA, Kujala UM, Heinonen A, Schlenzka D. Progression of untreated 
ŵŝůĚ�ƚŚŽƌĂĐŝĐ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ�- Radiographic and functional assessment after mean 
follow-up of 46 years. J Orthop Sci Off J Jpn Orthop Assoc. juill 2017;22(4):6527.  
ϯϬ͘�DƵƌƌĂǇ� WD͕�tĞŝŶƐƚĞŝŶ� ^>͕� ^ƉƌĂƚƚ� <&͘� dŚĞ� ŶĂƚƵƌĂů� ŚŝƐƚŽƌǇ� ĂŶĚ� ůŽŶŐͲƚĞƌŵ� ĨŽůůŽǁͲƵƉ� ŽĨ�
^ĐŚĞƵĞƌŵĂŶŶ�ŬǇƉŚŽƐŝƐ͘�:��ŽŶĞ�:ŽŝŶƚ�^ƵƌŐ��ŵ͘�ĨĠǀƌ�ϭϵϵϯ͖ϳϱ;ϮͿ͗Ϯϯϲϰϴ͘� 
ϯϭ͘�ZŝƐƚŽůĂŝŶĞŶ�>͕�<ĞƚƚƵŶĞŶ�:�͕�,ĞůŝƂǀĂĂƌĂ�D͕�<ƵũĂůĂ�hD͕�,ĞŝŶŽŶĞn A, Schlenzka D. Untreated 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͗�Ă�ϯϳ-year follow-up study. Eur Spine J Off Publ Eur Spine Soc Eur 
Spinal Deform Soc Eur Sect Cerv Spine Res Soc. mai 2012;21(5):81924.  
32. Weiss H-R, Dieckmann J, Gerner H-J. Effect of intensive rehabilitation on pain in patients 
ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͘�^ƚƵĚ�,ĞĂůƚŚ�dĞĐŚŶŽů�/ŶĨŽƌŵ͘�ϮϬϬϮ͖ϴϴ͗Ϯϱϰϳ͘� 
33. Riddle EC, Bowen JR, Shah SA, Moran EF, Lawall H. The duPont kyphosis brace for the 
treatment of adolescent Scheuermann kyphosis. J South Orthop Assoc. 2003;12(3):13540.  



107 
 

ϯϰ͘��ƌůĞƚ�s͕�^ĐŚůĞŶǌŬĂ��͘�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ͗�ƐƵƌŐŝĐĂů�ŵĂŶĂŐĞŵĞŶƚ͘��Ƶƌ�^ƉŝŶĞ�:�KĨĨ�WƵďů�
Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc. nov 2005;14(9):81727.  
35. Coe JD, Smith JS, Berven S, Arlet V, Donaldson W, Hanson D, et al. Complications of spinal 
fusion for scheuermann kyphosis: a report of the scoliosis research society morbidity and 
mortality committee. Spine. 1 janv 2010;35(1):99103.  
36. Jain A, Sponseller PD, Kebaish KM, Mesfin A. National Trends in Spinal Fusion Surgery For 
Scheuermann Kyphosis. Spine Deform. janv 2015;3(1):526.  
37. Bradford DS, Ahmed KB, Moe JH, Winter RB, Lonstein JE. The surgical management of 
ƉĂƚŝĞŶƚƐ�ǁŝƚŚ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͗�Ă�ƌĞǀŝĞǁ�ŽĨ�ƚǁĞŶƚǇ-four cases managed by combined 
anterior and posterior spine fusion. J Bone Joint Surg Am. juill 1980;62(5):70512.  
38.Behrbalk E, Uri O, Parks RM, Grevitt MP, Rickert M, Boszczyk BM. Posterior-only correction 
of Scheuermann kyphosis using pedicle screws: economical optimization through screw 
density reduction. Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv 
Spine Res Soc. oct 2014;23(10):220310.  
39. Geck MJ, Macagno A, Ponte A, Shufflebarger HL. The Ponte procedure: posterior only 
ƚƌĞĂƚŵĞŶƚ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ� ƵƐŝŶŐ� ƐĞŐŵĞŶƚĂů� ƉŽƐƚĞƌŝŽƌ� ƐŚŽƌƚĞŶŝŶŐ� ĂŶĚ� ƉĞĚŝĐůĞ�
ƐĐƌĞǁ�ŝŶƐƚƌƵŵĞŶƚĂƚŝŽŶ͘�:�^ƉŝŶĂů��ŝƐŽƌĚ�dĞĐŚ͘�ĚĠĐ�ϮϬϬϳ͖ϮϬ;ϴͿ͗ϱϴϲϵϯ͘� 
40. Koptan WMT, Elmiligui YH, Elsebaie HB. All pedicle screw instrumentation for 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ� ĐŽƌƌĞĐƚŝŽŶ͗� ŝƐ� ŝƚ� ǁŽƌƚŚ� ŝƚ͍� ^ƉŝŶĞ� :� KĨĨ� J North Am Spine Soc. avr 
2009;9(4):296302.  
ϰϭ͘�>ŽŶŶĞƌ��^͕�EĞǁƚŽŶ�W͕��Ğƚǌ�Z͕�^ĐŚĂƌĨ��͕�DŝĐŚĂĞů�K͛�ƌŝĞŶ͕�^ƉŽŶƐĞůůĞƌ�W͕�Ğƚ�Ăů͘�KƉĞƌĂƚŝǀĞ�
ŵĂŶĂŐĞŵĞŶƚ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ� ŝŶ� ϳϴ� ƉĂƚŝĞŶƚƐ͗� ƌĂĚŝŽŐƌĂƉŚŝĐ� ŽƵƚĐŽŵĞƐ͕�
complications, and technique. Spine. 15 nov 2007;32(24):264452.  
ϰϮ͘� >ĞĞ� ^^͕� >ĞŶŬĞ� >'͕� <ƵŬůŽ� dZ͕� sĂůĞŶƚĠ� >͕� �ƌŝĚǁĞůů� <,͕� ^ŝĚĞƐ� �͕� Ğƚ� Ăů͘� �ŽŵƉĂƌŝƐŽŶ� ŽĨ�
Scheuermann kyphosis correction by posterior-only thoracic pedicle screw fixation versus 
combined anterior/posterior fusion. Spine. 15 sept 2006;31(20):231621.  
43. Hosman AJ, Langeloo DD, de Kleuver M, Anderson PG, Veth RP, Slot GH. Analysis of the 
ƐĂŐŝƚƚĂů� ƉůĂŶĞ� ĂĨƚĞƌ� ƐƵƌŐŝĐĂů� ŵĂŶĂŐĞŵĞŶƚ� ĨŽƌ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ͗� Ă� ǀŝĞǁ� ŽŶ�
overcorrection and the use of an anterior release. Spine. 15 janv 2002;27(2):16775.  
44. Poolman RW, Been HD, Ubags LH. Clinical outcome and radiographic results after 
ŽƉĞƌĂƚŝǀĞ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͘��Ƶƌ�^ƉŝŶĞ�:�KĨĨ�WƵďů��Ƶƌ�^ƉŝŶĞ�^ŽĐ��Ƶƌ�^ƉŝŶĂů�
�ĞĨŽƌŵ�^ŽĐ��Ƶƌ�^ĞĐƚ��Ğƌǀ�^ƉŝŶĞ�ZĞƐ�^ŽĐ͘�ĚĠĐ�ϮϬϬϮ͖ϭϭ;ϲͿ͗ϱϲϭϵ͘� 
45. Polly DW, Ledonio CGT, Diamond B, Labelle H, Sucato DJ, Hresko MT, et al. What Are the 
Indications for Spinal Fusion Surgery in Scheuermann Kyphosis? J Pediatr Orthop. juin 
2019;39(5):21721.  
46. Herndon WA, Emans JB, Micheli LJ, Hall JE. Combined anterior and posterior fusion for 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ͘�^ƉŝŶĞ͘�Ăǀƌ�ϭϵϴϭ͖ϲ;ϮͿ͗ϭϮϱϯϬ͘� 
47. Taylor TC, Wenger DR, Stephen J, Gillespie R, Bobechko WP. Surgical management of 
thoracic kyphosis in adolescents. J Bone Joint Surg Am. juin 1979;61(4):496503.  
48. Lowe TG. Double L-rod instrumentation in the treatment of severe kyphosis secondary to 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͘�^ƉŝŶĞ͘�ŵĂŝ�ϭϵϴϳ͖ϭϮ;ϰͿ͗ϯϯϲϰϭ͘� 
49. Otsuka NY͕�,Ăůů�:�͕�DĂŚ�:z͘�WŽƐƚĞƌŝŽƌ�ĨƵƐŝŽŶ�ĨŽƌ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ͘��ůŝŶ�KƌƚŚŽƉ͘�ĨĠǀƌ�
1990;(251):1349.  
ϱϬ͘�dƌŝďƵƐ���͘�̂ ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ�ŝŶ�ĂĚŽůĞƐĐĞŶƚƐ�ĂŶĚ�ĂĚƵůƚƐ͗�ĚŝĂŐŶŽƐŝƐ�ĂŶĚ�ŵĂŶĂŐĞŵĞŶƚ͘�
:��ŵ��ĐĂĚ�KƌƚŚŽƉ�^ƵƌŐ͘�ĨĠǀƌ�ϭϵϵϴ͖ϲ;ϭͿ͗ϯϲϰϯ͘ 
51. Tsirikos AI. ScŚĞƵĞƌŵĂŶŶ͛Ɛ�<ǇƉŚŽƐŝƐ͗�ĂŶ�ƵƉĚĂƚĞ͘�:�^ƵƌŐ�KƌƚŚŽƉ��Ěǀ͘�ϮϬϬϵ͖ϭϴ;ϯͿ͗ϭϮϮϴ͘� 



108 
 

ϱϮ͘�̂ ƉĞĐŬ�'Z͕��ŚŽƉŝŶ���͘�dŚĞ�ƐƵƌŐŝĐĂů�ƚƌĞĂƚŵĞŶƚ�ŽĨ�̂ ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ͘�:��ŽŶĞ�:ŽŝŶƚ�̂ ƵƌŐ�
Br. mars 1986;68(2):18993. 
53. Lowe TG, Kasten MD. An analysis of sagittal curves and balance�ĂĨƚĞƌ��ŽƚƌĞůͲ�ƵďŽƵƐƐĞƚ�
ŝŶƐƚƌƵŵĞŶƚĂƚŝŽŶ�ĨŽƌ�ŬǇƉŚŽƐŝƐ�ƐĞĐŽŶĚĂƌǇ�ƚŽ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͘���ƌĞǀŝĞǁ�ŽĨ�ϯϮ�ƉĂƚŝĞŶƚƐ͘�
^ƉŝŶĞ͘�ϭ�ĂŽƸƚ�ϭϵϵϰ͖ϭϵ;ϭϱͿ͗ϭϲϴϬϱ͘� 
54.Lenke LG. Kyphosis of the thoracic and thoracolumbar spine in the pediatric patient: 
prevention and treatment of surgical complications. Instr Course Lect. 2004;53:50110.  
55. Papagelopoulos PJ, Klassen RA, Peterson HA, Dekutoski MB. Surgical treatment of 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ĚŝƐĞĂƐĞ� ǁŝƚŚ� ƐĞŐŵĞŶƚĂů� ĐŽŵƉƌĞƐƐŝŽŶ� ŝŶƐƚƌƵŵĞŶƚĂƚŝŽŶ͘� �ůŝŶ� KƌƚŚŽƉ͘� ŵĂŝ�
2001;(386):13949.  
56͘�WĂůĂǌǌŽ��͕�̂ ĂŝůŚĂŶ�&͕�ZĞǀĞů�D͘�̂ ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͗�ĂŶ�ƵƉĚĂƚĞ͘�:ƚ��ŽŶĞ�̂ ƉŝŶĞ�ZĞǀ�ZŚƵŵ͘�
mai 2014;81(3):20914. 
57. Johnston CE, Elerson E, Dagher G. Correction of adolescent hyperkyphosis with posterior-
only threaded rod compression instrumentation: is anterior spinal fusion still necessary? 
Spine. 1 juill 2005;30(13):152834.  
58. Koller H, Lenke LG, Meier O, Zenner J, Umschlaeger M, Hempfing A, et al. Comparison of 
Anteroposterior to Posterior-KŶůǇ� �ŽƌƌĞĐƚŝŽŶ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� <ǇƉŚŽƐŝƐ͗� ��DĂƚĐŚĞĚ-Pair 
Radiographic Analysis of 92 Patients. Spine Deform. mars 2015;3(2):1928.  
59. Lim M, Green DW, Billinghurst JE, Huang RC, Rawlins BA, Widmann RF, et al. Scheuermann 
kyphosis: safe and effective surgical treatment using multisegmental instrumentation. Spine. 
1ϱ�ĂŽƸƚ�ϮϬϬϰ͖Ϯϵ;ϭϲͿ͗ϭϳϴϵϵϰ͘� 
60. Denis F, Sun EC, Winter RB. Incidence and risk factors for proximal and distal junctional 
kyphosis following surgical treatment for Scheuermann kyphosis: minimum five-year follow-
up. Spine. 15 sept 2009;34(20):E729-734.  
61. Riouallon G, Morin C, Charles Y-P, Roussouly P, Kreichati G, Obeid I, et al. Posterior-only 
versus combined anterior/posterior fusion in Scheuermann disease: a large retrospective 
study. Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc. 
2018;27(9):232230. 
ϲϮ͘zƵŶ��͕�^ŚĞŶ��>͘��ŶƚĞƌŝŽƌ�ƌĞůĞĂƐĞ�ĨŽƌ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ĚŝƐĞĂƐĞ͗�Ă�ƐǇƐƚĞŵĂƚŝĐ�ůŝƚĞƌĂƚƵƌĞ�ƌĞǀŝĞǁ�
and meta-analysis. Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv 
Spine Res Soc. 2017;26(3):9217.  
6ϯ͘��ƚĞŵĂĚŝĨĂƌ�D͕��ďƌĂŚŝŵǌĂĚĞŚ��͕�,ĂĚŝ��͕�&Ğŝǌŝ�D͘��ŽŵƉĂƌŝƐŽŶ�ŽĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�ŬǇƉŚŽƐŝƐ�
correction by combined anterior-posterior fusion versus posterior- only procedure. Eur Spine 
J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc. 2016;25(8):25806.  
ϲϰ͘�DŝƌǌĂƐŚĂŚŝ��͕��ŚĞŚƌĂƐƐĂŶ�D͕��ƌĨĂ��͕�&ĂƌǌĂŶ�D͘�̂ ĞǀĞƌĞ�ƌŝŐŝĚ�̂ ĐŚĞƵĞƌŵĂŶŶ�ŬǇƉŚŽƐŝƐ�ŝŶ�ĂĚƵůƚ�
ƉĂƚŝĞŶƚƐ͖� ĐŽƌƌĞĐƚŝŽŶ� ǁŝƚŚ� ƉŽƐƚĞƌŝŽƌͲŽŶůǇ� ĂƉƉƌŽĂĐŚ͘� DƵƐĐƵůŽƐŬĞůĞƚ� ^ƵƌŐ͘� ĚĠĐ�
2018;102(3):25760.  
65. Cobden A, Albayrak A, Camurcu Y, Sofu H, Tacal T, Kaygusuz MA. WŽƐƚĞƌŝŽƌͲKŶůǇ��ƉƉƌŽĂĐŚ�
ǁŝƚŚ� WĞĚŝĐůĞ� ^ĐƌĞǁƐ� ĨŽƌ� ƚŚĞ� �ŽƌƌĞĐƚŝŽŶ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� <ǇƉŚŽƐŝƐ͘� �ƐŝĂŶ� ^ƉŝŶĞ� :͘� ĂŽƸƚ�
2017;11(4):5139.  
66.Huq S, Ehresman J, Cottrill E, Ahmed AK, Pennington Z, Westbroek EM, et al. Treatment 
approaches for Scheuermann kyphosis: a systematic review of historic and current 
management. J Neurosurg Spine. 1 nov 2019;113.  
ϲϳ͘� WŽŶƚĞ� �͕� sĞƌŽ� �͕� ^ŝĐĐĂƌĚŝ� '͘� ^ƵƌŐŝĐĂů� ƚƌĞĂƚŵĞŶƚ� ŽĨ� ^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŚǇƉĞƌŬǇƉŚŽƐŝƐ͘� /Ŷ͗�
Progress in spinal fusion : kyphosis. Winter RB. Bologna: Aulo Gaggi; 1984. p. 7581.  
ϲϴ͘�tŝŶƚĞƌ�Z�͕�,Ăůů�:�͘�<ǇƉŚŽƐŝƐ�ŝŶ�ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ĂĚŽůĞƐĐĞŶĐĞ͘�^ƉŝŶĞ͘�ĚĠĐ�ϭϵϳϴ͖ϯ;ϰͿ͗ϮϴϱϯϬϴ͘ 



109 
 

69. Kim YB, Lenke LG, Kim YJ, Kim Y-W, Blanke K, Stobbs G, et al. The morbidity of an anterior 
thoracolumbar approach: adult spinal deformity patients with greater than five-year follow-
up. Spine. 15 avr 2009;34(8):8226.  
70. Boulay C, Tardieu C, Hecquet J, Benaim C, Mouilleseaux B, Marty C, et al. Sagittal 
alignment of spine and pelvis regulated by pelvic incidence: standard values and prediction 
of lordosis. Eur Spine J Off Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res 
Soc. avr 2006;15(4):41522.  
71. Koller H, Juliane Z, Umstaetter M, Meier O, Schmidt R, Hitzl W. Surgical treatment of 
^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ� ŬǇƉŚŽƐŝƐ� ƵƐŝŶŐ� Ă� ĐŽŵďŝŶĞĚ� ĂŶƚĞƌŽ-posterior strategy and pedicle screw 
constructs: efficacy, radiographic and clinical outcomes in 111 cases. Eur Spine J Off Publ Eur 
Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc. janv 2014;23(1):18091.  
72. Lafage V, Bharucha NJ, Schwab F, Hart RA, Burton D, Boachie-Adjei O, et al. Multicenter 
validation of a formula predicting postoperative spinopelvic alignment. J Neurosurg Spine. 
janv 2012;16(1):1521.  
73. Mac-Thiong J-M, Labelle H, Roussouly P. Pediatric sagittal alignment. Eur Spine J Off Publ 
Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc. sept 2011;20 Suppl 5:58690.  
74. Nasto LA, Perez-Romera AB, Shalabi ST, Quraishi NA, Mehdian H. Correlation between 
preoperative spinopelvic alignment and risk of proximal junctional kyphosis after posterior-
only surgical correction of Scheuermann kyphosis. Spine J Off J North Am Spine Soc. avr 
2016;16(4 Suppl):S26-33.  
75.ZhuW,SunX,PanW,YanH,LiuZ,QiuY,etal. Curve patterns deserve attention when 
determining the optimal distal fusion level in correction surgery for Scheuermann kyphosis. 
Spine J Off J North Am Spine Soc. sept 2019;19(9):152939.  
76.GongY,YuanL,HeM,YuM,ZengY,LiuX,etal. Comparison Between Stable Sagittal Vertebra 
and First Lordotic Vertebra Instrumentation for Prevention of Distal Junctional Kyphosis in 
Scheuermann Disease: Systematic Review and Meta-analysis. Clin Spine Surg. oct 
2019;32(8):3306.  
77. Cho K-J, Lenke LG, Bridwell KH, Kamiya M, Sides B. Selection of the optimal distal fusion 
level in posterior instrumentation and fusion for thoracic hyperkyphosis: the sagittal stable 
vertebra concept. Spine. 15 avr 2009;34(8):76570.  
78. Yanik HS, Ketenci IE, Coskun T, Ulusoy A, Erdem S. Selection of distal fusion level in 
posterior instrumentation and fusion of Scheuermann kyphosis: is fusioŶ�ƚŽ�ƐĂŐŝƚƚĂů� ƐƚĂďůĞ�
ǀĞƌƚĞďƌĂ�ŶĞĐĞƐƐĂƌǇ͍��Ƶƌ�^ƉŝŶĞ�:�KĨĨ�WƵďů��Ƶƌ�^ƉŝŶĞ�^ŽĐ��Ƶƌ�^ƉŝŶĂů��ĞĨŽƌŵ�^ŽĐ��Ƶƌ�^ĞĐƚ��Ğƌǀ�
^ƉŝŶĞ�ZĞƐ�^ŽĐ͘�ĨĠǀƌ�ϮϬϭϲ͖Ϯϱ;ϮͿ͗ϱϴϯϵ͘� 
79.Lundine K, Turner P, Johnson M. Thoracic hyperkyphosis: assessment of the distal fusion 
level. Glob Spine J. juin 2012;2(2):6570.  
80. Kim HJ, Nemani V, Boachie-�ĚũĞŝ�K͕��ƵŶŶŝŶŐŚĂŵ�D�͕�/ŽƌŝŽ�:�͕�K͛EĞŝůů�<͕�Ğƚ�Ăů͘��ŝƐƚĂů�&ƵƐŝŽŶ�
>ĞǀĞů�^ĞůĞĐƚŝŽŶ�ŝŶ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�<ǇƉŚŽƐŝƐ͗����ŽŵƉĂƌŝƐŽŶ�ŽĨ�>ŽƌĚŽƚŝĐ��ŝƐĐ�^ĞŐŵĞŶƚ�sĞƌƐƵƐ�
the Sagittal Stable Vertebrae. Glob Spine J. mai 2017;7(3):2549.  
81. Mikhaylovskiy MV, Sorokin AN, Novikov VV, Vasyura AS. Selection Of The Optimal Level 
KĨ��ŝƐƚĂů�&ŝǆĂƚŝŽŶ�&Žƌ��ŽƌƌĞĐƚŝŽŶ�KĨ�^ĐŚĞƵĞƌŵĂŶŶ͛Ɛ�,ǇƉĞƌŬǇƉŚŽƐŝƐ͘�&ŽůŝĂ�DĞĚ�;WůŽǀĚŝǀͿ͘�ŵĂƌƐ�
2015;57(1):2936.  
82. Dikici F, Akgul T, Sariyilmaz K, Korkmaz M, Ozkunt O, Sar C, et al. Selection of distal fusion 
level in terms of distal junctional kyphosis in Scheuermann kyphosis. A comparison of 3 
methods. Acta Orthop Traumatol Turc. janv 2018;52(1):711.  
  




