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Background. The formation of multiplanar deformities of the proximal femur, in most cases combined with hypertrophy 
of the greater trochanter (relative overgrowth of the greater trochanter (ROGT)) and its high position relative to the 
femoral head, up to the development of pelvic and pelvic spine syndrome (trochanteric-pelvic impingement), has been 
considered one of the most common problems in the treatment of children with hip joint pathology of various etiologies.
Aim. The aim of this study was to determine the causes of and characterize the X-ray anatomical changes in children 
with ROGT.
Materials and methods. This study is based on an analysis of the survey results of 350 children 3 to 17 years old with 
an emerging high position of the greater trochanter due to various diseases of the hip joint. Details of the radiological 
indicators characterizing the change in the growth of the greater trochanter relative to the head and neck of the thigh 
were examined in 68 of these children (112 joints).
Results. Most often, hypertrophy of the greater trochanter was observed in children with the sequele of ischemic 
disorders that occurred during the conservative treatment of hip dysplasia and developmental hip dislocation, as well as 
due to previous hematogenous osteomyelitis. It was revealed that in the affected hip joints, there was a regular decrease 
in the articulo-trochanteric distance index; simultaneously, TTD values, which characterize the isolated growth of the 
greater trochanter, were almost the same in normal and pathological conditions (p < 0.05).
Conclusion. Damage to the growth plates of the pineal gland and neck of the femur of various etiologies was the reason 
for ROGT formation. The X-ray anatomical changes include progressive shortening of the femoral neck. Moderately 
pronounced in preschool-age children, they progress with the child’s growth and become the cause of chronic trauma 
injuries of the components of the hip joint.
Keywords: hip joint; avascular necrosis; relative overgrowth of the greater trochanter (ROGT); trochanteric-pelvic 
impingement (TPI); articulo-trochanteric distance (ATD).
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Обоснование. Одна из наиболее распространенных проблем при лечении детей с различной патологией тазобед-
ренного сустава заключается в  развитии многоплоскостных деформаций проксимального отдела бедренной 
кости, включающих гипертрофию большого вертела (relative overgrowth of the greater trochanter,  ROGT)  — его 
высокое положение относительно головки бедра, вплоть до развития вертельно-тазового импинджмент-син-
дрома (trochanteric-pelvic impingement, TPI) в дальнейшем.
Цель  — уточнить причины формирования и  охарактеризовать рентгеноанатомические изменения у  детей 
с  гипертрофией большого вертела (ROGT).
Материалы и  методы. Настоящее исследование основано на анализе результатов обследования 350 детей 
в  возрасте от 3 до 17 лет с  формирующимся высоким положением большого вертела в  результате различных 
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заболеваний тазобедренного сустава. Из них у  56 детей (112  суставов) подробно рассмотрены рентгенологи-
ческие показатели, характеризующие изменение роста большого вертела относительно головки и шейки бедра.
Результаты. Наиболее часто гипертрофия большого вертела отмечалась у  детей с  последствиями ишемиче-
ских нарушений, возникших при консервативном лечении дисплазии тазобедренных суставов и  врожденно-
го вывиха бедра, а  также вследствие перенесенного гематогенного остеомиелита. Выявлена закономерность 
уменьшения в  динамике показателя ATD (articulo-trochanteric distance) в  пораженных тазобедренных суставах 
(p < 0,05); при этом значения величины TTD (trochanter-to-trochanter distance), характеризующей изолирован-
ный рост большого вертела и в норме и при патологии, практически не отличались (p > 0,05).
Заключение. Причинами формирования гипертрофии большого вертела является ишемическое поражение 
зон роста эпифиза и  шейки бедренной кости различной этиологии. Рентгеноанатомические изменения ха-
рактеризуются прогрессирующим укорочением шейки бедра: относительно умеренно выраженные у  детей 
дошкольного возраста, с  ростом ребенка они обусловливают хроническую взаимную травматизацию компо-
нентов тазобедренного сустава.

Ключевые слова: тазобедренный сустав; аваскулярный некроз головки бедра; гипертрофия большого вертела; 
вертельно-тазовый импинджмент-синдром; артикуло-трохантерная дистанция.

Background

Since the early 2000s, increasing attention 
in the specialized literature has been paid to so-
called femoroacetabular impingement, which is the 
pathomechanical process of chronic trauma to the 
acetabular rim and to the femoral head or neck. 
Femoroacetabular impingement is considered one of 
the main causes of pain and the development of early 
coxarthrosis [1–3]. Research in this field has helped 
distinguish other conditions, particularly extra-
articular conditions, that can cause mutual trauma 
to the components of the hip joint and contribute 
to the progression of the hip joint arthrosis. They 
include ischiofemoral impingement, which is 
abnormal contact between the lesser trochanter 
and ischial bone; subspine impingement, which is 
abnormal contact between the anteroposterior iliac 
spine and the femoral neck during flexion; iliopsoas 
impingement, which is abnormal mechanical 
relationship between the iliopsoas muscle and the 
acetabular labrum; and pectineofoveal impingement, 
which is an abnormal relationship between the 
medial synovial fold and acetabular labrum [4–6].

One of the most common problems in the 
treatment of pediatric patients with various 
disorders of the hip joint is the formation of 
multiplanar deformities of the proximal femur, 
such as hypertrophy of the greater trochanter, 
which causes it to be positioned high in relation 
to the femoral head. In English-language literature, 
this condition is called “relative overgrowth of the 
greater trochanter” (ROGT). In the process of the 
child’s growth, biomechanical abnormalities of the 
hip joint develop, which cause dysfunction of the 
gluteal muscles, restriction of movement in the hip 

joint, and, in some cases, progressive decentration 
of the femoral head, which exacerbates the ratio 
distortion in the hip joint. These conditions result 
in lameness, as well as the development of pain 
syndrome and coxarthrosis. In adult patients, 
such clinical and radiological disorders develop 
into a detailed pattern of known as “greater 
trochanteric-pelvic conflict impingement.” Unlike 
femoroacetabular impingement, early criteria for 
diagnosing the trochanteric-pelvic conflict in 
pediatric patients have not yet been formulated 
[4,  5, 7–10].

In our study, we attempted to analyze the 
prerequisites for the development of this pathological 
condition. The frequency of ROGT in pediatric 
patients, as well as the few publications on this 
issue, indicate the relevance of the study.

We aimed to clarify the causes of the anatomical 
changes visible on radiographs in pediatric patients 
with ROGT and to characterize them.

Material and research methods

Archival material (patient records, radiographs, 
computed tomograms) at the Turner Scientific 
Research Institute for Children’s Orthopedics were 
used to retrospectively study the development of hip 
joints in 350 pediatric patients, aged 3 to 17 years, 
in whom the elevation of the greater trochanter 
resulted from various diseases of the hip joint. These 
patients were treated in the department of hip joint 
pathology from 2002 to 2017. The patients were 
divided by age into two groups: group I included 
156 preschoolers (aged 3 to 7 years), and group II 
included 194 schoolchildren (aged 8 to 17 years).
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The inclusion criteria were (1) the formation 
of multiplanar deformities of the proximal femur 
with elevation of the greater trochanter, at which its 
apex was located above the center of the femoral 
head and (2) changes in the femoral neck structure 
accompanied by its shortening.

Exclusion criteria included hip dislocation 
at the time of examination; varus deformity of 
the femoral neck (caput-collum-diaphyseal angle 
of less than 120°); the consequences of surgical 
interventions, injuries, rickets, and rheumatoid 
arthritis; neurological disorders; and skeletal 
systemic dysplasias.

Research methods have included assessment 
of complaints, clarification of the medical 
history, clinical examination in accordance with 
established practice, and radiological examination 
(radiography and computed tomography). In this 
study, radiography and computed tomography 
were used to evaluated typical indicators of the 
hip joint, characterizing the shape, and size of the 
pelvic and femoral components of the joint, as 
well as their proportions (acetabular index, Sharp 
angle, angle of the acetabular roof thickness, caput-
collum-diaphyseal angle, angle of the femoral neck 
anteversion, Wiberg angle, and the degree of bone 
coverage of the femoral head) [11]. The data obtained 
were used for planning surgical intervention.

In all 350 patients observed, the ratio of the greater 
trochanter apex to the center of the femoral head was 
in the pathological range, which served as the main 
criterion for inclusion in the study. For  a  detailed 
analysis of the ongoing anatomical changes, we 
studied additional indicators characterizing the 
ratio of the femoral head and the greater trochanter 
in the frontal view in 56  examined patients 
(112  hip joints). The development of 48  (42.9%) 
joints in them was normal (with unilateral lesion)  
(Fig.  1).

These indicators included the following:
1)  articulotrochanteric distance (ATD)  — the 

distance from the apex of the greater trochanter 
to the upper pole of the femoral head (mm);

2)  trochanter-to-trochanter distance (TTD)  — the 
distance from the apex of the greater trochanter 
to the middle of the lesser trochanter along 
a  line parallel to the anatomical axis of the 
femur. This indicator reflects the growth of the 
greater trochanter and does not depend on the 
growth of the epiphysis;

3)  lesser trochanter-to-articular surface distan-
ce  (LTA)  — reflects the growth of the epiphysis 
and the femoral neck and does not depend on 
the growth of the greater trochanter.
Statistical analysis was performed in Excel 2016 

(Microsoft Corporation, Redmond, WA, USA) and 
Statistics 10 programs. The data obtained were 
processed with statistical methods, including the 
estimation of arithmetic mean and mean square 
deviation. To evaluate the significance level of the 
differences, the nonparametric Mann-Whitney 
U  test was used, with a confidence of at least 
p < 0.05, and the correlation analysis was performed 
with the Pearson test.

Examination results

In the patients of group I, the clinical pre-
sentation was poor, despite the stability of the hip 
joint. There were minimal or no complaints. Typical 
clinical manifestations of the emerging ROGT 
with unilateral lesion were shortening of the limb 
(0.8 ± 0.6 cm); the slight change in range of motion 
in the joint; moderate limitation of hip abduction 
(25° ± 5°); and, in 13 patients (8.3%), a  weakly 
positive Trendelenburg sign.

The patients of group II exhibited more 
pronounced limb shortening (1.5 ± 1.1 cm) and 
more restriction of hip abduction (10° ± 5°), 
hip extension (5° ± 5°), and internal rotation 
(20° ± 15°). The majority of patients of this group 
(147 [76%]) complained of pain along the lateral 
and posterolateral surface of the hip joint region 
after physical exertion and in extreme positions 
of abduction, extension, and rotation of the hip. 

ATD

TTD
LTA

Fig. 1. Indicators characterizing the ratio of the femoral 
head and the greater trochanter in the frontal view 
(Mccarthy  J.J., Weiner D.S., 2008, as amended) [12]. 
ATD  —  articulotrochanteric distance; LTA  — lesser 
trochanter-to-articular surface distance; TTD — trochanter-

to-trochanter distance
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An  impingement test in the hip joint yielded 
positive results in 109 patients (56%), and a positive 
Trendelenburg sign was noted in 157 (81%). Patients 
with bilateral lesions exhibited hyperlordosis of the 
lumbar spine, and the gait had become waddling. 
Of patients older than 15 years, 17 (9% of group II) 
had a positive “gear-stick” sign, which indicated 

the restriction of passive abduction of the thigh 
during extension in the hip joint and almost normal 
abduction during bending of the hip.

The patients’ life histories and radiographs 
revealed the diseases that caused the proximal 
femur deformity (Fig. 2).

These diseases included the following:
1)  consequences of the femoral head ischemic 

necrosis as a complication of conservative 
treatment for hip dysplasia and congenital 
dislocation of the hip in 143 (40.9%) of all the 
patients (Fig. 3);

2)  effects of hematogenous osteomyelitis (septic 
arthritis) in 101 (28.9%) of all patients. These 
101 patients included those who had been 
exposed to intrauterine infections and those 
who underwent surgical interventions in the 
first year of life for congenital heart defects, 
esophageal atresia, intestinal obstruction, and 
tracheoesophageal fistula, all complicated by 
infection of the hip joints (Fig. 4);

3)  Perthes disease with total and subtotal lesions of 

143 (40.90%)

101 (28.90%)

63 (18%)

38 (10%) 5 (1.30%)

HJ dysplasia
Septic arthritis
Perthes disease

SCFE
Other causes

Fig. 2. Nosological distribution of patients in this 
study.  HJ  — hip joint; SCFE  — slipped capital femoral 

epiphysis

Fig. 3. Radiographs of patient Sh. at the ages of 1 year, 2 months (a), 3 years, 9 months (b), and 11 years (c). Formation of 
multiplanar deformity of the proximal femur with a high position of the greater trochanter after avascular necrosis of the 
femoral head (on the right, Kalamchi and MacEwen class IV; on the left, Kalamchi and MacEwen class II). The  patient 

had a history of conservative treatment for congenital bilateral dislocation of the hip

 a b c

 a b
Fig. 4. Radiographs of patient J. at the age of 7 years: frontal view (a) and Lauenstein view (b). Hematogenous 
osteomyelitis resulted in multiplanar deformity of the proximal femur with a high position of the greater trochanter  

on the left
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the epiphysis in 63 (18.0%) of all the patients. 
These patients had not received treatment or had 
a disease out of bed with the development of coxa 
plana at the end of the disease course;

4)  consequences of slipped capital femoral epiphysis 
in 38 (10.9%) of all the patients. The elevation 
of the greater trochanter resulted both from 
a residual shift of the femoral head epiphysis 
posteriorly and downwards and from early 
closure of the growth plate during the course of 
the disease;

5)  other reasons were noted in 5 (1.3%) of all the 
patients. These patients had an unspecified or 
rare cause of lesions of the hip joints, such as 
that resulting from the use of extracorporeal 
membrane oxygenation method in the neonatal 
period [13] (Fig. 5).

Radiographic findings

The radiographic pattern in the patients in 
this study depended mainly on the nature of 
the primary disease. In cases of hip dysplasia, 
radiographs revealed a deficiency in coverage of 
the femoral head with the acetabulum (a decrease 
in the degree of bone coverage and the Wiberg 
angle), a change in the caput-collum-diaphyseal 
angle, and the angle of anteversion of the femoral 
neck; in some cases, thickening of the acetabular 
roof was noted. In  cases of Perthes disease, the 
radiological indicators of the joint stability showed 
deterioration, primarily because of deformation of 
the femoral head (namely, coxa magna and coxa 
plana). More diverse and often gross deformities of 
the femoral head and neck were noted in cases of 
septic arthritis.

Despite the diversity of the diseases in these 
patients, the radiological abnormalities were 
similar; in particular, the ratios of the greater 
trochanter apex to the center of the femoral head 
were in the pathological range. In view of these 
findings, we examined in more detail the indices 
characterizing changes in the growth of the greater 
trochanter in relation to the femoral head and 
neck. To clarify the dynamics of changes in the 
radiological parameters of the proximal femur, 
we analyzed digital radiographs of 56 patients 
(112  joints), performed with proper scaling and 
with the use of a calibrator to obtain the correct data  
(Fig. 6).

According to the literature, the position 
of the greater trochanter apex with respect to 
the center  (C) of the femoral head in pediatric 
patients is normally from 5 mm above the center 
of the femoral head to 15  mm below it [14]. Our 
measurements revealed that the ATD values, which 

 a b
Fig. 5. Radiographs of patient G. at the age of 4 years: frontal view (a) and Lauenstein view (b). The emerging high 
position of the greater trochanter on both sides and dystrophic changes in the femoral neck are visible. A radiograph 
taken when the patient was 3 years of age had shown manifestations of transient synovitis of the hip joints after an acute 

respiratory viral infection

Fig. 6. An example of radiographic analysis of indicators 
that characterize changes in the position of the greater 
trochanter in relation to the femoral head and neck. ATD — 
articulotrochanteric distance; LTA  — lesser trochanter-to-
articular surface distance; TTD — trochanter-to-trochanter 

distance
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Fig. 7. Graph of articulotrochanteric distance (ATD), trochanter-to-trochanter distance (TTD), and lesser trochanter-
to-articular surface distance (LTA), depending on age, for normal hip joints. Circles represent normal ATD; squares 

represent normal TTD; and triangles represent normal LTA
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Fig. 8. Graph of articulotrochanteric distance (ATD), trochanter-to-trochanter distance (TTD), and lesser trochanter-to-
articular surface distance (LTA), depending on age, for injured hip joints

Table 1
Values of ATD, TTD, and LTA in the patients in this study

Indicator

Normal Pathological

Groups

All patients Preschoolers Schoolchildren All patients Preschoolers School children

ATD: M ± SD 
(in mm;  

min-max)

19.0 ± 3.2
(9.5–26.6)

20.8 ± 1.3
(17.9–23.2)

18.0 ± 3.5
(9.5–26.6)

–0.2 ± 8.9*
((–)22.4–14.0)

5.1 ± 5.5*
((–)3.8–11.4)

(–)2.3 ± 9.2* 
((–)22.4–14.0)

TTD: M ± SD 
(in mm;  

min-max)

50.4 ± 13.4 
(28.8–72.6)

35.3 ± 5.6
(28.8–42.7)

55.1 ± 11.5
(33.6-72.6)

50.6 ± 13.9
(30.3–70.5)

35.6 ± 4.5
(30.3–43.9)

56.7 ± 11.7
(33.1–70.5)

LTA: M ± SD 
(in mm;  

min-max)

68.9 ± 13.5
(49.6–89.8)

56.3 ± 6.3
(49.6–65.6)

72.8 ± 12.8
(50.8–89.8)

50.4 ± 10.2*
(34.8–73.5)

41.8 ± 6.1* 
(34.8–51.0)

54.0 ± 9.5*
(37.8–73.5)

Note. ATD  — articulotrochanteric distance; LTA  — lesser trochanter-to-articular surface distance; TTD  — trochanter-to-trochanter 
distance. * Differences in ATD and LTA between the norm and in pathological conditions were significant (p < 0.05).
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were 19.0 ± 3.2 (9.5  to  26.6) mm in our patients, 
almost did not change with age (Table 1).

The TTD and LTA values normally increase with 
age from 28.8 to 72.6 mm and from 49.6 to 89.8 mm, 
respectively. These indicators change synchronously, 
depending on the child’s age (p > 0.05; Fig. 7).

In group I of our patients, the average ATD 
values were 5.1 ± 5.5; the TTD values were 
35.9 ± 4.5; and the LTA values were 41.8 ± 6.0 mm. 
The TTD and LTA values reflect moderately severe 
pathological changes; in most cases, the ATD values 
in this group were within the normal range of values 
(Fig. 8; Table 1).

In group II, the same changes were observed in 
the studied parameters; however, the radiological 
changes were more pronounced, especially in 
patients older than 10 years. The ATD values 
were (–)2.3 ± 9.2 mm; the TTD values were 
45.7 ± 11.7  mm; and the LTA values were 
54.0 ± 9.5 mm (see Fig. 8, Table 1).

In a normal hip joint, LTA is numerically larger 
than the other indicators. With severe ROGT, 

Fig. 9. Radiograph of patient B. at the age of 13  years. 
The  condition was diagnosed after conservative 
treatment of congenital bilateral hip subluxation, which 
resulted from aseptic necrosis of the femoral head and 
neck. The  position of the greater trochanter is high. 
The trochanteric-pelvic conflict was caused by severe 
anatomical anomalies, and the patient had a typical 

clinical presentation and pain
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Fig. 10. Graphs of the changes in the articulotrochanteric distance (ATD) in normal and pathological conditions, 
depending on age
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Fig. 11. Graphs of the changes in the trochanter-to-trochanter distance (TTD) in normal and pathological conditions, 
depending on age
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the ATD value was negative, and the TTD values 
became larger than the LTA values. Figure 9 shows 
that this was characteristic of adolescents with 
deformity established by the end of growth.

Of the patients with an ATD of 0 or less, 
87% exhibited a positive Trendelenburg sign. 
These patients later demonstrated clinical signs of 
trochanteric-pelvic conflict, such as pain during 
abduction, extension, and rotation of the thigh. 
In comparison with ATD values in normal children, 
those in children with pathological conditions 
demonstrated a pattern of decrease, with changes 
in the child’s growth in the affected hip joints  
(Fig.  10).

In such cases, the TTD values characterizing the 
isolated growth of the greater trochanter in both 
normal and pathological conditions were similar 
(p > 0.05; Fig. 11).

The data obtained confirm that true ROGT as 
such does not occur; its epiphysial plate remains 
intact; and there is only a slowdown in the 
longitudinal growth of the femoral neck.

Discussion

The normal formation of the proximal 
femur is ensured by a genetically programmed 
complementary function of three growth zones: 
namely, the femoral head epiphysis, the upper edge 
of the femoral neck, and the greater trochanter [15]. 
An adverse effect on any of these growth zones 
disrupts normal development of the proximal 
femur. Regardless of the underlying disease, the 
mechanism of the deformity development is similar. 
As a result of damage, growth in one section of 
the bones is inhibited, whereas growth in the 
other continues normally, which in turn results 
in multiplanar deformities of the proximal femur. 
The most vulnerable areas of a child’s hip joint are 
the epiphyseal and upper cervical growth zones, 
inasmuch as those parts of the femur are supplied 
with blood from the medial and lateral arteries that 
surround the femoral bone and are enclosed in 
a  joint capsule. The blood supply and the function 
of the extracapsular growth zone of the greater 
trochanter, in contrast, are not impaired, and it is 
formed correctly.

In our observations, the deformity developed 
most commonly as a result of complications in 
the treatment of hip dysplasia and congenital 

dislocation of the hip. According to the literature 
and our own observations, only relatively mild 
lesions corresponding to Kalamchi and MacEwen 
class I osteonecrosis, are not accompanied during 
growth by the deformation of one femoral neck or 
the other and by ROGT [9, 10, 15, 16]. In practice, 
the Kalamchi and MacEwen classification of 
osteonecrosis can be used to predict the development 
and type of the proximal femur deformity.

Anatomical and biomechanical disorders in the 
hip joint with ROGT involve the convergence of 
the attachment points of the gluteal muscles, which 
leads to a decrease in their contractility, impaired 
function of the gluteal muscles in relation to body 
weight, and an increase in contact pressure on 
the articular surfaces. Clinically, this is manifested 
by fatigue during walking and by progressive 
Trendelenburg gait [17, 18]. The process of 
deformation occurs gradually, over a long time, and 
is characterized by a progressive course. A decrease 
in the distances between the greater trochanter, the 
cartilaginous acetabular rim, and the iliac bone 
leads to mechanical conflict, first during abduction 
and extension of the thigh and, in severe cases, in 
the middle position [19, 20]. The elevation of the 
greater trochanter in a child serves as an anatomical 
substrate for the development of the trochanteric-
pelvic impingement syndrome, which is a complex 
of chronic trauma to the greater trochanter and the 
cartilaginous acetabular rim, accompanied by gluteal 
muscle dysfunction, impaired gait, and pain. In our 
patients, the clinical presentation of trochanteric-
pelvic impingement syndrome was characteristic in 
patients older than 10 years and necessitated radical 
surgical intervention.

Conclusion

1.  The reason why the greater trochanter becomes 
elevated in pediatric patients is ischemic damage 
to the growth zones of the epiphysis and the 
femoral neck; such damage has various causes. 
Radiographic anatomical changes consist of 
a  progressive shortening of the femoral neck 
and constant growth of the greater trochanter, 
which does not differ significantly between 
normal hips and those with pathological  
conditions.

2.  The process of elevation of the greater 
trochanter without destabilization of the joint 
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in preschool pediatric patients is characterized 
by few clinical symptoms or signs and relatively 
mild radiographic anatomical changes. By the 
time clinical manifestations emerge in school-
age patients in the form of gait disorder and 
pain, the elevation of the greater trochanter is 
already causing chronic mutual trauma to the 
components of the hip joint.

3.  All pediatric patients who have a history of 
ischemic necrosis of the proximal femur, even 
without signs of impaired stability of the hip 
joint, must be monitored so that the emerging 
deformity can be corrected, if necessary, at the 
optimal time.
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