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Introduction The possibility of gradual closed reduction of hip dislocation in children over 1.5 years old is considered 
doubtful. Purpose Analysis of long-term results of applying the Ilizarov technique of gradual closed reduction in combination 
with the reconstruction of the hip joint components. Methods The outcomes of treatment of 62 children (81 joints) with 
congenital hip dislocation in the follow-up period from 5 to 16 years were studied. The treatment method included closed 
reduction of the dislocation using the technology proposed by G.A. Ilizarov and subsequent reconstruction of the joint 
components. The patients are divided into two groups based on their age. The first group included 33 patients (43 joints) 
under the age of 5 years. The second group consisted of 29 patients (38 joints) aged 5–8 years. Results Closed reduction 
failed in five cases. The recurrence of dislocation after closed reduction was 5.3 %. The rate of aseptic necrosis after closed 
reduction was 9.7 %. Good functional outcomes were reported in 87.7 %. They were significantly better in the younger 
group. The proportion of good anatomical results did not depend on age and was 77 % in general. Poor results were obtained 
in 8.8 %. Conclusion The anatomical and functional outcomes and the number of complications by using the technique 
described were comparable to other methods of gradual closed reduction of hip dislocation. But the technique we have 
described expands the age restrictions for its use.
Keywords: closed reduction, skeletal traction, Ilizarov technique, innominate osteotomy, femoral derotation osteotomy

INTRODUCTION

Developmental dysplasia of the hip has been 
recognized as one of the most common orthopedic 
pathologies in children. Despite the development 
of methods for its early diagnosis and functional 
treatment, there are still patients over 1.5 years 
old who need complex and aggressive orthopedic 
treatment. Recommendations for their treatment 
remain controversial and vary from conservative 
therapy in the age of up to 3 years to reconstructive 
intervention at 1.5 years [1]. One of the controversial 
issues is the method of reduction [2]. Supporters of 
closed reduction point to the risk of contracture and 
possible early progression of coxarthrosis. Orthopedic 
surgeons who prefer open reduction observe high 
incidence of complications such as reluxation 
and aseptic necrosis, and the need for additional 
reconstructive interventions on the joint components. 
However, it should be noted that the capability 
of post-reduction development of the joint at this 
age fade away regardless of the reduction method 

used [3]. Therefore, the Petit-Morel technique that 
implies a gradual closed reduction of the dislocation 
followed by the osteotomy of the ilium seems to be 
preferable [4]. However, its application is limited by 
five years of age. The author himself points to lower 
efficiency of the technology after 3 years of age [2].

G.A. Ilizarov proposed a method for gradual 
closed reduction of hip dislocation using an external 
fixation device in 1988. It was originally intended to 
treat school-age children. Later, as the methods of 
transosseous elements insertion into the pelvic bone 
had improved, the age limits for the application of 
the technique were expanded. Currently, the Ilizarov 
technology has been used as the first stage of surgical 
treatment of congenital hip dislocation in children 
from the age of two years [5].

The purpose of the study was to evaluate the 
long-term results of the application of the Ilizarov 
method in combination with the reconstruction of 
joint components.

MATERIAL AND METHODS

We studied treatment outcomes of 62 children 
(81 joints) with congenital hip dislocation that 
underwent surgical reconstruction at the Ilizarov 
Center from 2000 through 2015.

There were 49 girls and 13 boys (ratio, 3.7:1). 
The youngest age in this series was 1 year 10 months 

and the maximum age was 8 years (average age, 
5.2 years). 

Inclusion criteria into the study:
1) congenital hip dislocation of grades III–IV 

(Tonnis scale) [6];
2) follow-up period not less than 5 years;
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3) application of the technology involving 
reduction of dislocation with the external frame and 
reconstruction of joint components.

Exclusion criteria:
1) developmental dysplasia of the hip in grade I–II 

(Tonnis scale) [6];
2) developmental dysplasia of the hip, complicated 

by aseptic necrosis;
3) joint disorders characteristic for arthrogryposis 

and neurogenic pathology.
Mean follow up was 8.3 years (range, 5–17 years). 

McKey criteria were used to assess the functional 
outcomes [7]. Anatomical results were studied by 
pelvic radiography. 

The following radiometric parameters were 
measured:

1) acetabular index (AI) (in closure of Y-shaped 
joints with the angle of weight-bearing surface (WBS);

2) Idelberger-Frank angle (IFA) (N = 46–50º) [12];
3) proximal displacement index of the femoral head 

(PDI) – the grade of Shenton line disruption in mm;
4) acetabulum-head index (AHI) – ratio of 

the distance from the medial rim of the head to 
Ombredann line relative to the distance from the 
medial to the lateral rim of the head which normal 
value should be 0.85–1.0;

5) center-edge angle of Wiberg (CEA).
The relations in the joints were evaluated in the 

radiographs after frame removal and at long-term 
follow-ups.

Severin criteria were used for evaluating 
radiographic findings. Degenerative changes in the 
femoral head were rated with Tonnis classification [6].

The study was performed in accordance with the 
ethics standards of the Helsinki declaration of the 
World Health Organization and national guidelines. 
Legal representatives gave their informed consents to 
include their children in the study.

Microsoft Excel 2010 was used for statistical 
processing. Quantitate findings were non-weighed 
variation rows, means and their deviations and 
significance of difference with Wilcoxon T-test for 
related samples.

The surgical technology included closed reduction 
of hip dislocation according to G.A. Ilizarov and further 
reconstruction of the joint components [8]. Closed 
reduction of dislocation implied gradual bringing of 
the femur down till the lower edge of the acetabulum, 
transfer of the head on the reduction axis followed 
by gradual transport of the head into the acetabulum 
[5]. Re-orientation osteotomy of the ilium was used 
for correction of the acetabular dysplasia which 
was supplemented by incomplete periacetabular 
osteotomy in 10 cases. Intertrochanteric corrective 
osteotomy was performed for reconstruction of the 
femur.

The joints were fixed with a removable plaster 
brace upon frame dismantling. Rehabilitation 
measures were indicated for 8–10 months. Full 
weight-bearing was allowed after that period.

RESULTS

It is known that in the age from 1.5 to 4 years (the 
so-called "golden period") the development of the 
acetabulum after its reorientation and reconstructive 
interventions may continue, thus increasing the 
chances of achieving a favorable outcome [9–11]. 
Taking this fact into account, our patients were 
divided into two groups. The first group included 33 
children (43 joints) who were under five years old 
at the start of treatment. The second group was 29 
children (38 joints) aged 5–8 years.

Distribution of joints by severity of dislocation 
(Tonnis scale) in group 1: grade III (PDI, 25–35 mm) 
were 25 joints, grade IV (PDI ˃ 35 mm) were 18 
joints; in the second group: grade III were 22 joints, 
grade IV were 16 joints. In four patients with bilateral 
lesions in group 1 and in five patients in group 2, 
dislocations were asymmetric.

In two cases from group 1 and in three patients 
from group 2, proximal displacement occurred when 
the head was moved to the axis of reduction, which 
was regarded as a soft tissue blockade of the joint. 
In those cases, an open reduction was performed in 
combination with a corrective shortening osteotomy 

of the femur. During the first three months after the 
removal of the apparatus, two patients with unilateral 
dislocation and one with bilateral lesion (1 joint in 
group 1, 2 joints in group 2) had a relapse of dislocation. 
In all those cases, an open reduction of the dislocation 
was performed with a shortening osteotomy of the 
femur. Eight patients who underwent open reduction 
were assigned to a separate group (group 3).

At removing the apparatus, in most cases, structural 
abnormalities in the head were noted such as areas 
of cystic restructuring. Within the following 8 to 
12 months, regression of these changes was noted in 
most cases. Such disorders were regarded as a process 
of post-reduction adaptation of the joint elements. After 
closed reduction, dystrophic changes were defined as 
aseptic necrosis in three joints in patients of group 2 
(grades III and IV) and in two patients of the first 
group (grade III). In one case of grade IV, femoral head 
necrosis developed after open reduction. In two cases, 
subcapital valgus developed due to dystrophic changes.

According to X-ray findings upon removing the 
apparatus, the indicators characterizing the condition 
of the cavity and joint relations improved in both 
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groups. In patients of the first group, a significant 
improvement in the X-ray parameters of the slope 
of the arch and the spherical cavity was revealed in 
the process of further observation, which indirectly 
confirms that its development continued. In the second 
group, the indicators did not change significantly 
and corresponded to the normal border. The degree 
of lateral inclination of the cavity was greater in the 
children of the first group, but the difference was 
not statistically significant. In both groups, after 
removing the apparatus, the reverse disruption of the 
Shenton line was noted, more pronounced in young 
children. Those changes were regarded as a persistent 
interposition of soft tissues between the head and the 
cavity slope. The subsequent decrease in the degree 
of the Shenton line disruption might be associated 
with a gradual penetration of the head. A statistically 
significant change in the indices of head centering in 
the cavity was observed only in patients of the first 
group (Table 1).

Patients in group 3 had a more significant increase 
in the indices of head centering and Shenton line 
restoration after frame removal. Changes in the 
acetabular parameters did not have significant 
difference from the first group children.

Treatment outcomes in group 1
Radiographic results were analyzed in 31 children 

of the first group. IA type – 10 joints, IIА type – 
19 joints, IIВ type – 4 joints, type III – 5 joints, 
type IV – 1 joint, type V – 1 joint. Radiographic 
results of nine patients with bilateral dislocation were: 
IA type – 4 joints, IIА type – 8 joints, IIВ types – 
2 joints, III type – 4 joints. Radiographic results of 
22 patients with unilateral hip dislocation: IA type– 
6 joints, IIА type – 11 joints, IIВ type – 2 joints, 
III type – 1 joint, IV type – 1 joint, V type – 1 joint.

Clinical results were analyzed in 30 children of the 
first group (not including a patient with reluxation): 
I class – 16, II class – 12, III class – 2. Results of 
9 patients with bilateral dislocation: I class – 5, 

II class – 4. Results of 21 patients with unilateral hip 
dislocation: I class – 11, II class – 8, III class – 2.

Treatment outcomes in group 2
Radiographic results were analyzed in 26 patients 

of group 2: IA type – 6 joints, IIА type – 18 joints, 
IIВ type – 4 joints, III type – 3 joints, IV type – 1 joint, 
V type – 2 joints. Radiographic results of 10 patients 
with bilateral dislocation: IA type – 3 joints, IIА type – 
9 joints, IIВ type – 3 joints, III type – 2 joints, V type 
– 1 joint. Radiographic results of 16 patients with 
unilateral hip dislocation: IA type – 3 joints, IIА type – 
9 joints, IIВ type – 1 joint, III type – 1 joint, IV type – 1 
joint, V type – 1 joint.

Clinical outcomes were analyzed in 24 patients 
(not including 2 patients with reluxation): I class – 
12 joints, II class – 10, III class – 2. Results of 
7 patients with bilateral hip dislocation: I class – 3, 
II class – 4. Results of 17 patients with unilateral 
dislocation: I class – 9, II class – 6, III class – 2.

Clinical results in group 3: IIа class – 6 joints, 
III class – 2 joints. Radiographic results in group 3: 
IIА type – 4 joints, IIВ type – 2 joints, III type – 2 joints.

Case 1 
Patient S, 4 years old, bilateral congenital 

dislocation of the hips (Fig. 1)
The child underwent surgery on both components 

of the hip joints using external fixation devices (Fig. 2).
At the follow-up 12 years later, the relations 

in the hip joints were preserved, the femoral heads 
were centered in the cavities, and the coverage of the 
femoral heads was satisfactory (Fig. 3).

Case 2
Patient K, 5 years old, bilateral congenital 

dislocation of the hips (Fig. 4)
The patient underwent staged reconstruction of 

the pelvis and femurs on both sides using the Ilizarov 
apparatus (Fig. 5).

At 17-year follow-up, the condition of the joints 
was satisfactory. The femoral heads are spherical, the 
articular surfaces are congruent (Fig. 6).

Table 1
Dynamics of radiometric parameters in the joints after closed reduction of hip dislocation (groups 1 and 2) and open 

reduction (group 3)

Group Period of study Radiometric parameters
AI (WBS) (˚) IFA (˚) PDI (mm) CEA (˚) AHI

I (n = 40)
Before surgery 42 ± 0.7 67 ± 1.3 47 ± 3.1
After frame removal 13 ± 0.4* 56 ± 1.7* -17 ± 1.5* 24.6 ± 0.8 0.84 ± 0.02
Long-term follow-up 39 ± 0.5 68 ± 0.9 40 ± 2.5

2 (n = 33)
Before surgery 40 ± 0.3 69 ± 0.5 52.5 ± 3.5
After frame removal 14 ± 0.3* 57 ± 0.5* -10 ± 0.7* 23.6 ± 0.6 0.85 ± 0.05
Long-term follow-up 11.9 ± 0.3** 54 ± 0.4 2 ± 0.07 ** 25 ± 1.4 0.83 ± 0.04

3 (n = 8)
Before surgery 39 ± 0.5 68 ± 0.9 40 ± 2.5
After frame removal 12 ± 0.4* 54 ± 1.2* 0 ± 0.2* 28 ± 0.8 0.96 ± 0.08
Long-term follow-up 9 ± 0.9** 52 ± 0.7 0.3 ± 0.1 25 ± 1.0 0.85 ± 0.07**

* – significant differences from the initial value, p< 0.01; ** – significant differences from the intermediate value, p < 0.05
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Fig. 1 AP radiograph of the pelvis of patient S before 
treatment

Fig. 2 AP radiograph of the pelvis of patient S in the 
course of treatment

Fig. 3 AP radiograph of the pelvis of patient S at a 12-
year follow-up

Fig. 4 AP radiograph of the pelvis of patient K before 
treatment

Fig. 5 AP radiograph of the pelvis of patient K in the 
course of staged treatment

Fig. 6 AP radiograph of the pelvis of patient K at a 17-
year follow-up

DISCUSSION
The goal of treating children with congenital 

hip dislocation is to sparingly restore the relations 
in the joint, ensure the development of joint 
relations, and prevent the development of dystrophic 
complications. With age, treatment measures become 
more complicated, and the prognosis becomes 
less predictable [3]. One of the debatable issues is 

the method of dislocation reduction. Most authors 
recognize open reduction as the "gold standard" [12]. 
The optimal age to use it for neglected dislocation 
varies from 12 to 18 months [13]. However, according 
to the literature, the analysis of long-term results of 
gradual closed reduction technologies shows their 
advantage in terms of joint survival and arthrosis 
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progression in comparison with open reduction 
methods [2, 14–17].

Methods of gradual closed reduction in older 
children, including the Petit-Morel technique, 
involve horizontal skeletal traction. The descent level 
is determined by the Hilgenreiner line. Next, the hip 
is abducted and the femoral head is moved towards 
the Y-shaped cartilage (reduction axis). Penetration of 
the head into the cavity occurs in a plaster cast for 2-3 
months. Then osteotomy of the ilium is performed 
[2, 3]. Age restrictions are due to the impossibility of 
overcoming the tension of the femoral muscles and 
ligamentous apparatus by applying skeletal traction. 
The Ilizarov technology assumes the preservation of 
patient's motor activity. So, the magnitude of possible 
abduction does not exceed 40°. Therefore, the level 
of head descending changes to the lower edge of the 
cavity. Accordingly, the direction of the reduction 
axis changes from horizontal to oblique-vertical. 
Prior to the osteotomy of the ilium, only partial 
immersion of the head into the cavity is produced 
within 7–10 days. The use of the known technique 
of cavity transposition excludes the lateroposition of 
the head by corrective turning of the fragments. The 
final penetration is achieved during the rehabilitation 
period after the removal of the apparatus [5, 8].

The rate of recurrent dislocations after closed 
reduction was 5.3%, which is comparable to the data of 
Rampal et al. (4.3%), Morel (9.7%), Morin et al., and 
with the rates of open reduction (3-15%) [15, 18-22].

Aseptic necrosis of the femoral head not only 
impairs the stability of the joint, but also worsens the 
prognosis in terms of coxarthrosis. Its rates vary from 
2–5% [2, 3, 15, 23] to 60–70% after closed reduction 
[16, 24]. By open reduction, the data are also rather 
heterogeneous, from 2-5.5% [25, 26] to 50-88% [16, 
20, 21, 27]. This is due to certain subjectivity and 
the use of various criteria in assessing the condition 
of the joint. In the group of patients presented by us 
treated by closed reduction of dislocation, the rate of 

dystrophic complications was 9.7%. It exceeds the 
findings of C. Morin et al., P. Wicart et al., as well 
as our previous results [2, 3, 8]. Perhaps one of the 
reasons is an older average age of the patients.

Good anatomical results were achieved in 77% 
of our patients and 8.8% were poor. According to the 
literature, good outcomes were reported in 80–93% 
of cases after closed reduction and reconstruction of 
the pelvic component [4, 18, 15]. They were from 
73 to 96% when open reduction was combined with 
osteotomy of the ilium and femur [25, 27, 28, 29]. 
However, it should be noted a relatively low (up to 3 
years) average age of patients in the groups that showed 
good outcomes of more than 85% [4, 18, 25, 27]. A 
number of authors indicate a significant worsening of 
patients’ outcomes after three years of age [2, 3].

Good functional outcomes were observed in 
87.7%. They were significantly better in the younger 
group.

The anatomical results of patients after open 
reduction did not differ significantly (75%) from 
the results of the main group. The functional results 
were worse. The rate of dystrophic complications was 
12.5%. However, taking into account the conditions 
for performing open reduction and a limited number 
of cases, the comparison cannot be considered correct.

A number of authors attribute the bilateral lesion 
to risk factors that aggravate the prognosis [25, 30]. 
In the analyzed group, we found no differences in the 
results of treatment of patients with unilateral and 
bilateral hip dislocation.

Unlike the Petit-Morel technique, the Ilizarov 
technique has no age restrictions and can be used even 
in school-age children [31]. The limitations are due 
to the anatomical features of the joint. The technique 
is contraindicated in the presence of degenerative 
changes in the joint, as well as in the case of anterior 
dislocation of the femoral head [32]. The main factor 
that may restrict its use is insufficient experience of 
surgeons with external fixation devices.

CONCLUSIONS

Anatomical and functional outcomes and the 
number of complications by using the technique 
described were comparable with other methods of 

gradual closed reduction of hip dislocation. At the 
same time, the technique described by us expands the 
age limit for its use.
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