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BACKGROUND: Slipped capital femoral epiphysis is one of the most severe diseases of the hip joint in children and is 
characterized by the displacement of the proximal femoral epiphysis, occurring as a result of a decrease in the mechanical 
strength of its growth plate. Some pathological processes in the hip joints and lumbosacral spine cause changes in the posi-
tion (vergence) of the pelvis in the sagittal plane and the development of degenerative dystrophic diseases. The analysis of 
the spine–pelvis relationships in children with slipped capital femoral epiphysis may provide the basis for the development of 
new approaches to the surgical correction of the deformity of the hip component of the affected joint.

AIM: To assess the radiological parameters of the frontal and sagittal spine–pelvis relations in children with proximal 
femur deformity in slipped capital femoral epiphysis.

MATERIALS AND METHODS: The study included 30 patients (30 hips) aged 11–14 years with a severe form of slipped 
capital femoral epiphysis characterized by the presence of a posterior displacement of the epiphysis of >60° combined with 
the downward displacement of no more than 10° in one of the joints and absence of displacement (pre-slip stage) in the 
other. Patients underwent clinical and radiological examinations. The radiographs taken in the standing position were used to 
assess the values of thoracic kyphosis and lumbar lordosis, pelvic incidence (PI), sacral slope (SS), pelvic tilt (PT), sagittal 
vertical axis (SVA), and spine–sacral angle (SSA). The obtained data were subjected to statistical processing.

RESULTS: The patients had pelvic retroversion (decreased values of the PI and SS indices and increased PT index) and 
formed hypolordotic type of vertical posture according to P. Roussouly classification. In addition, thoracic hyperkyphosis oc-
curred, and the SVA shifted to the front, which can be considered a mechanism of trunk balance compensation for the existing 
pelvic retroversion and reduction of lumbar lordosis to maintain the ability to move in an upright position.

CONCLUSIONS: Children with this severe form of slipped capital femoral epiphysis are characterized by pelvic retrover-
sion, decreased lumbar lordosis and increased thoracic kyphosis, positive trunk imbalance, and PT toward the affected limb. 
Planning and reconstructive restorative interventions on the affected hip joint should consider existing pathological changes 
to restore the correct spine–pelvis relationships and prevent degenerative dystrophic processes in the lumbosacral spine.
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Оригинальное исследование

Оценка рентгенологических показателей 
позвоночно-тазовых соотношений у детей 
с тяжелой формой юношеского эпифизеолиза 
головки бедренной кости
Д.Б. Барсуков1, П.И. Бортулёв1, С.В. Виссарионов1, 2, И.Ю. Поздникин1, Т.В. Баскаева1

1 Национальный медицинский исследовательский центр детской травматологии и ортопедии им. Г.И. Турнера, Санкт-Петербург, Россия;
2 Северо-Западный государственный медицинский университет им. И.И. Мечникова, Санкт-Петербург, Россия

Обоснование. Юношеский эпифизеолиз головки бедренной кости — одно из наиболее тяжелых заболеваний тазо-
бедренного сустава в детском возрасте, которое характеризуется смещением проксимального эпифиза бедренной ко-
сти, происходящим в результате снижения механической прочности его ростковой пластинки. Некоторые патологиче-
ские процессы в тазобедренных суставах и в пояснично-крестцовом отделе позвоночника служат причиной изменения 
положения (верзии) таза в сагиттальной плоскости и дегенеративно-дистрофических заболеваний. Анализ состояния 
позвоночно-тазовых соотношений у детей с юношеским эпифизеолизом головки бедренной кости может составить 
основу для разработки новых подходов к хирургической коррекции деформации бедренного компонента пораженного 
сустава.

Цель — оценить рентгенологические показатели фронтальных и сагиттальных позвоночно-тазовых соотношений 
у детей с деформацией проксимального отдела бедренной кости при юношеском эпифизеолизе головки бедренной 
кости.

Материалы и методы. В исследование вошли 30 пациентов (30 тазобедренных суставов) в возрасте от 11 до 
14 лет с тяжелой формой юношеского эпифизеолиза головки бедренной кости — со смещением эпифиза кзади бо-
лее 60° в сочетании со смещением книзу не более 10° в одном из суставов и отсутствием смещения (стадия предсо-
скальзывания) в другом. Пациентам проводили клиническое и рентгенологическое исследования. На рентгенограммах, 
выполненных в положении стоя, оценивали показатели величины грудного кифоза и поясничного лордоза, тазового 
угла (PI), угла наклона крестца (SS), угла отклонения таза (PT), а также значения сагиттальной вертикальной оси (SVA) 
и позвоночно-крестцового угла (SSA). Полученные данные подвергнуты статистической обработке.

Результаты. У вышеописанного контингента больных выявлены ретроверзия таза (уменьшены значения пока-
зателей PI и SS, увеличено значение показателя РТ), формирование гиполордотического типа вертикальной осанки 
по классификации P. Roussouly. Кроме того, отмечены формирование грудного гиперкифоза и выраженное смеще-
ние сагиттальной вертикальной оси кпереди, что можно рассматривать как механизм компенсации баланса туловища 
в усло виях ретроверзии таза и уменьшения поясничного лордоза для поддержания возможности к передвижению 
в вертикальном положении.

Заключение. Для детей с рассматриваемой тяжелой формой юношеского эпифизеолиза головки бедренной кости 
характерны ретроверзия таза, уменьшение поясничного лордоза и увеличение грудного кифоза, положительный дис-
баланс туловища, перекос таза в сторону пораженной конечности. При планировании и проведении реконструктив-
но-восстановительных вмешательств на пораженном тазобедренном суставе необходимо учитывать патологические 
изменения с целью восстановления правильных позвоночно-тазовых соотношений и профилактики дегенеративно-
дистрофических процессов в пояснично-крестцовом отделе позвоночника.

Ключевые слова: юношеский эпифизеолиз головки бедренной кости; тазобедренный сустав; позвоночник; позвоночно- 
тазовый комплекс; сагиттальный профиль позвоночника.
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BACKGROUND
Slipped capital femoral epiphysis (SCFE) is one of the most 

severe diseases of the hip joint in children, whose incidence 
ranges from 0.2 to 10 per 100,000 children. The disease is 
characterized by the displacement of the proximal epiphysis 
of the femur as a result of a decrease in the mechanical 
strength of its growth plate in the presence of hormonal dis-
orders [1–3]. Most often, epiphyseal displacement, which can 
be unilateral, or bilateral, begins at the age of 12–13 years and 
has a chronic course. Typical directions of displacement are 
posterior and downward or only posterior direction. As a re-
sult, a deformity of the femoral component of the hip joint of 
varying severity occurs, which impairs the ratio in the latter 
and presents as external rotational position, limb shor tening, 
amplitude limitation, and pain with hip movements [4, 5].

Recent studies have shown that the spinopelvic complex, 
which forms a single kinematic system, supports the concept 
of the “cone of the economy” [6–9]. Moreover, progressive 
anatomical and biomechanical changes in various pathologi-
cal processes in the hip joints or the spinomotor segments 
of the lumbosacral spine lead to changes in the hip joint–
pelvis–lumbosacral spine system, aggravating the already 
existing deformity and progression of degenerative and dys-
trophic diseases. These phenomena are caused by a change 
in the position (version) of the pelvis in the sagittal plane 
and are quite fully described in patients with various spinal 
pathologies, hip dysplasia, hip–spine syndrome, and coxar-
throsis [10–16].

Furthermore, the analysis of the spinopelvic ratio provides 
an understanding of the spatial relationships of the spine and 
pelvis and enables a thorough evaluation of parameters in 
terms of diagnosing pathological changes that have formed 
in the spine–hip joint system. All this can be the basis for 
the development of new approaches to the surgical correction 
of deformities in pediatric patients with SCFE. Currently, no 
data in the literature have presented the frontal and sagittal 
spinopelvic ratios in pediatric patients with deformity of 
the proximal femur in SCFE.

This study aimed to evaluate the radiographic para-
meters of the frontal and sagittal spinopelvic ratios in pediat-
ric patients with a deformity of the proximal femur associated 
with SCFE.

MATERIALS AND METHODS
The study design was a single-center open-cohort 

prospective study (STROBE).
The inclusion criteria of the patients were as follows:

 • Lack of surgeries on the hip joints
 • Age 11–14 years
 • Posterior epiphyseal displacement of >60° in combination 

with a downward displacement of not more than 10° in 

one of the hip joints in the absence of displacement (pre-
slip stage) in the other

 • Chronic epiphyseal displacement
 • Absence of congenital and acquired pathologies of the 

spinal column, neurological disorders of the trunk and 
lower extremities, and systemic and genetic diseases

 • Voluntary informed consent of patients and their parents 
to participate in this study
The exclusion criteria were as follows:

 • Age <11 years and >14 years
 • No posterior epiphyseal displacement by >60° in combi-

nation with downward displacement of not more than 10° 
in one of the hip joints

 • Epiphysis displacement in both hip joints
 • Acute nature of the epiphysis displacement
 • Synovitis of the hip joint
 • Flexion and/or adduction contracture of the hip
 • Congenital malformations of the spine, including neutral, 

verified neurological, systemic, and genetic diseases.
The study included 30 patients (30 hip joints) aged 

11–14 years (mean age 12.4 ± 1.0 years) with SCFE 
characterized by posterior epiphyseal displacement of >60°, 
combined with a downward displacement of not more than 
10° in one of the joints and the absence of displacement 
(pre-slip stage) in the other joint. The sample included 
19 (63.3%) boys and 11 (36.7%) girls. The patients were 
hospitalized for a comprehensive examination and surgical 
treatment.

The clinical study did not differ from the classical 
technique used in patients with orthopedic pathology 
of the hip joints. All patients underwent radiography of 
the hip joints in the anteroposterior projection and Lauenstein 
projection in the supine position, a panoramic radiograph of 
the lower extremities, and a lateral panoramic radiograph 
of the spine, including the femoral heads in the standing 
position. On radiographs taken in the supine position (Fig. 1), 
the values of the projection caput–collum–diaphyseal angle, 
projection epiphyseal–diaphyseal angle, and epiphyseal 
angle were determined, and signs of partial, and complete 
synostosis at the level of the epiphyseal growth zone were 
excluded. In addition, the posterior and downward epiphyseal 
displacement angles were evaluated on the displacement 
side, and the absence of the epiphyseal displacement was 
confirmed on the contralateral side. The posterior epiphyseal 
displacement angle was calculated from the difference 
in the epiphyseal angles in the joint without (individual 
norm) and with displacement. The downward displacement 
angle was calculated by the difference between the caput–
collum–diaphyseal angle and the epiphyseal–diaphyseal 
angle in the joint with displacement. On radiographs taken 
in the standing position (Fig. 2), indicators of the magnitude 
of thoracic kyphosis and lumbar lordosis (according to 
Cobb), pelvic incidence (PI), sacral slope (SS), pelvic tilt (PT), 
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sagittal vertical axis (SVA), and spinosacral angle (SSA) were 
determined.

Statistical analysis
Data were analyzed using the Surgimap v. 2.3.2.1 

software. Statistical analysis was performed using Excel 2010 
and IBM SPSS Statistics for Windows version 26 (IBM Corp., 
Armonk, NY, USA). Using descriptive statistics, arithmetic 
means (M), standard deviations (SD), median (Me) with 
25th and 75th percentiles (Q1–Q3) were calculated. Correlation 
analysis was performed (Pearson’s test), whereas the strength 
of the relationship was determined by the indicators 
0.01 ≤ ρ ≤ 0.29 for a weak relationship, 0.30 ≤ ρ ≤ 0.69 for 
a moderate relationship, and 0.70 ≤ ρ ≤ 1.00 for a strong 
relationship. The coefficient value indicated the presence of 
a positive or a negative relationship. To assess the degree 

and variation of the influence of one attribute on another, 
regression analysis was performed in the form of a paired 
linear and quadratic regression model. The proportion of 
the sample was determined using the coefficient of multiple 
determinations (R2).

RESULTS
During hospitalization, all patients complained of 

impaired functioning of the affected lower limb, i.e., limited 
range of motion in the hip joint. Patients’ gait was not 
assessed for being on bed rest. As an exception, pediatric 
patients were verticalized with support only for a clinical 
examination in a standing position and for two radiographs. 
During a visual examination, all patients showed a PT toward 
the hip joint with epiphyseal displacement. No impairment of 
the frontal balance of the spine was noted, and the Adams 
test was negative in all patients. The clinical assessment 
of the physiological curves of the spine revealed that 
25 (83.3%) patients had a decrease in lumbar lordosis and 
an increase in thoracic kyphosis. The relative lower limb 
shortening on the side of the deformity was 2.0 ± 0.47 cm.

Lower limb dysfunction on the lesion side was 
characterized by the irreparable position of the external 
rotation in the hip joint, typical for SCFE with severe 
epiphyseal displacement, and limited hip abduction, and 
flexion, with average values of 46.8 ± 9.33, 22.3 ± 6.12, and 
79.0 ± 17.8°, respectively. Functionally significant changes in 
adduction amplitude were not revealed, and a slight increase 
in the amplitude of extension and external rotation was noted. 
The Thomas test, which reveals hidden flexion contracture in 
the hip joint, was negative in all patients.

The results of radiation research methods for the above 
indicators are presented in Table.

All patients were diagnosed with a pronounced posterior 
displacement of the epiphysis, significantly prevailing over 
its downward displacement. As regards the main indices 
of the sagittal spinopelvic ratios, PI differed from similar 
values in the pediatric population according to the literature 

a b

Fig. 1. Radiographs of the hip joints in the anteroposterior projection (a) and Lauenstein projection (b) of patient A., aged 13 years 2 months, 
with slipped capital femoral epiphysis, posterior epiphyseal displacement by 62° and downward displacement by 4° on the right, and no 
displacement (pre-slip stage) on the left

Fig. 2. Lateral panoramic radiograph of the spine, including the 
femoral heads of the same patient, and an example of the calcula-
tion of spinopelvic ratios
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toward decrease [18]. Moreover, SS values were significantly 
(p < 0.05) lower than the average standard values, whereas 
PT significantly (p < 0.05) exceeded them. Such changes 
indicate the presence of pelvic retroversion. In this regard, 
global lumbar lordosis (GLL) values were significantly lower 
than the average values, and those of the thoracic kyphosis 
exceeded them. For the global sagittal balance (SVA), sharply 
positive values were obtained in most cases, which indicate 
a positive imbalance in this category of patients.

In addition, the average SSA values were below the age 
norm, which also indicates the tilt of the body as a whole 
anteriorly in relation to the pelvis and excessive rotation of 
the latter posteriorly, that is, retroversion of the pelvis as 
a whole.

Correlation analysis (Fig. 3) showed a strong positive re-
lationship (solid line) between the values of the anatomical 
index PI and the magnitude of posterior epiphyseal displace-
ment, between the positional parameter SS and GLL values, 
as well as between SS and SSA. A moderately pronounced 
positive relationship (dashed line) was noted between the an-
atomical parameter (PI) and positional parameter (SS), be-
tween both positional indicators (SS and PT), between SS and 

Fig. 3. Correlations between the main indicators of the frontal and 
sagittal spinopelvic ratios (see text for explanations)

SS

Displacement 
of the epiphysis 

posteriorly

PTGLL

PISSA

r =
 0

.6
7

r =
 0

.3
4

r = 0.77

r = 0.71

r =
 0

.64

r = 0.65

r = 0.6

r = 0.8

Table. Indicators of the spatial orientation of the proximal epiphysis of the femur and frontal and sagittal spinopelvic ratios in pediatric 
patients with slipped capital femoral epiphysis in comparison with normal indicators according to the literature [9, 17, 18]

Indicator
Main group

(M ± SD)
Ме (Q1–Q3)

Normal values  
in healthy children

Projection CCDA, ° 143.3 ± 4.4
144.0 (139.0–146.3)

125–135

Projection EDA, ° 136.8 ± 6.9
137.5 (130.8–144.0)

125–135

EA, ° 12.6 ± 5.6
11.5 (8.0–18.3)

80–90

Epiphyseal posterior displacement angle, ° 72.9 ± 8.0
75.5 (68.0–78.0)

– 

Epiphyseal downward displacement angle, ° 7.2 ± 1.9
7.0 (5.8–9.0)

–

PI, ° 37.5 ± 3.2
37.2 (35.9–39.8)

45.4 ± 10.7

PT, ° 14.2 ± 2.8
14.9 (12.2–16.4)

10.3 ± 6.5

SS, ° 23.4 ± 3.5
23.4 (20.6–26.5)

35.4 ± 8.1

TK, ° 43.9 ± 4.2
44.1 (41.3–45.2)

37.1 ± 9.9

GLL, ° 35.2 ± 2.2
35.1 (33.4–35.9)

39.6 ± 12.4

SVA, mm 28.7 ± 40.7
45.3 (12.2–63.3)

0.1 ± 2.3

SSA, ° 114.1 ± 3.4
113.2 (110.8–118.0)

130.4 ± 8.1

Note. CCDA, caput–collum–diaphyseal angle; EDA, epiphyseal–diaphyseal angle; EA, epiphyseal angle; PI, pelvic incidence; PT, pelvic tilt; SS, sacral 
slope; GLL, global lumbar lordosis; SVA, sagittal vertical axis; SSA, spinosacral angle.
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degree posterior epiphyseal displacement, and between SSA, 
and GLL, SSA, and posterior epiphyseal displacement.

Figure 4 presents the results of the regression analysis, 
indicating the relationship between the sagittal spinopelvic 
ratios and posterior displacement of the proximal epiphysis 
of the femur.

The coefficient of determination (R2) for the relationship 
of some indicators of the sagittal spinopelvic ratios and 
the extent of the posterior epiphyseal displacement (Fig. 4a, b) 
did not exceed 0.66 and did not differ significantly between 
the linear and quadratic models, which brought the studied 
signs closer to linear regression, and the approximation 
was considered quite good because 65% of the sample 
can be justified by the regression equation. The coefficient 
of determination (R2) between SS and GLL was 0.51 and 
that between SS and SSA was 0.6. Both models did not 
differ significantly from each other, and the approximation 
was considered satisfactory because no more than 60% of 
the sample can be justified by the regression equation. 

Thus, based on the regression analysis in pediatric patients 
with severe SCFE, a hypolordotic type of vertical posture 
is formed according to the classification of P. Roussouly. 
In addition, the formation of hyperkyphosis and a pronounced 
anterior shift of the SVA can be regarded as a mechanism for 
compensating the balance of the body in the case of pelvic 
retroversion and flattening of the lumbar lordosis to maintain 
the ability to move in a vertical position.

DISCUSSION
Nowadays, various diseases of the hip joints affect 

the state of the lumbosacral spine because of changes in 
the frontal and sagittal spinopelvic ratios [11, 19–21]. In ad-
dition, some authors argue that changes in the pelvic indices 
over time lead to a transformation of the sagittal profile of 
the lumbar spine. This results in a change in the biome-
chanical relationships in the spinal motion segments and, 
accordingly, to an increase in the load either on the anterior 
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Fig. 4. Results of the regression analysis, indicating the relationship between the frontal and sagittal spinopelvic ratios: a, between the 
pelvic incidence (PI) and posterior displacement of the epiphysis; b, between the sacral angle, and posterior epiphyseal displacement; 
c, between the sacral slope (SS) and the global lumbar lordosis (GLL); d, between the sacral slope and the spinosacral angle (SSA)



DOi: https://doi.org/10.17816/PTORS111772

371

  Pediatric Traumatology, Orthopaedics 
CliniCal STUDiES Vol. 10 (4) 2022 and Reconstructive Surgery

or posterior spinal column, which contributes to the onset 
and progression of degenerative and dystrophic processes 
at a young age [10, 22].

Currently, several studies have assessed the spinopelvic 
ratios in pediatric patients with various orthopedic pathologies 
[11, 21, 23, 24]. However, no articles discuss the spinopelvic 
ratios in pediatric patients with SCFE.

This study was conducted in pediatric patients with 
SCFE with a verified deformity of the femoral component 
of one of the hip joints caused by a posterior epiphyseal 
displacement of more than 60°, combined with a downward 
displacement of more than 10°. The absence of similar 
Russian and international studies excludes the possibility 
of a comparative analysis of the data obtained. The study 
results revealed that these patients have pelvic retroversion, 
which leads to the flattening of the lumbosacral spine and 
a positive imbalance of the trunk. Changes in the spatial 
position of the pelvis such as its retroversion contribute 
to the hypolordotic type of vertical posture according to 
P. Roussouly [25]. Pathological anatomical and biomechanical 
spinopelvic relationships can cause degenerative and 
dystrophic processes in the lumbosacral spine and discopathy 
in the thoracolumbar junction, leading to the formation of 
listhesis in this zone [26, 27].

Study limitation
This study has several limitations, such as a small cohort 

of patients, which is due to the low incidence of severe 
SCFE, and the lack of thematic publications. Thus, both 
the initial state of the spinopelvic complex and state after 
reconstructive and restorative interventions on the affected 
joint must be examined in these patients.

CONCLUSION
In pediatric patients with severe SCFE characterized by 

posterior epiphyseal displacement of >60°, combined with 
a downward displacement of not more than 10° in one of 
the joints and the absence of displacement (pre-slip stage) in 
the other, pelvic retroversion is often detected, which mani-
fests as a decrease in the sacral angle (SS) and increase in 
the PT combined with decreased lumbar lordosis, increased 

thoracic kyphosis, and positive trunk imbalance. In addition, 
these patients have a PT toward the affected limb. The totality 
of these changes in pediatric patients with type I (hypolordot-
ic) vertical posture according to P. Roussouly can contribute 
to the development of degenerative and dystrophic processes 
in the lumbar spine. When planning and performing recon-
structive and restorative interventions on the affected hip joint 
for severe deformity of the femoral component of the latter in 
patients with SCFE, pathological changes in the spinopelvic 
complex must be considered to restore the correct spinopel-
vic ratios and prevent the development of degenerative and 
dystrophic processes in the lumbosacral spine.
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