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SUMMARY

Introduction Insufficient femoral head coverage is found in a variety of diseases, with acetabular dysplasia as the most
frequent disorder and triple pelvic osteotomy as the most recently introduced surgical treatment.

Objective This study analyses pre- and postoperative pathoanatomic characteristics of triple in comparison to Salter
and Chiari osteotomies, with a logistic regression analysis of outcome predictor and effect explanator factors in rela-
tion to the chosen type of operation.

Methods The study involved 136 adolescents treated with Salter and Chiari osteotomies or a triple pelvic osteotomy
at the Institute of Orthopaedic Surgery “Banjica” in Belgrade. The patients were between 10-20 years old at the time
of operation. We collected and analyzed data from all the patients: iliness history, operative parameters, preoperative
and postoperative pathoanatomic data. The data was statistically processed using the statistical software SPSS, defin-
ing standard descriptive values, and by using the appropriate tests of analytic statistics: t-test for dependent and inde-
pendent variables, x*-test, Fisher’s exact test, Wilcoxon’s test, parameter correlation, one-way ANOVA, multi-factorial
ANOVA and logistic regression, according to the type of the analyzed data and the conditions under which the statis-
tical methods were applied.

Results The average CE angle after triple pelvic osteotomy was 43.5°, more improved than after the Salter osteotomy
(33.0°) and Chiari osteotomy (31.4°) (F=16.822; p<0.01). Postoperative spherical congruence was also more frequent after
the triple osteotomy than after the other two types of operations, and with a high significance. Preoperative painful
discomfort was found to be a valid predictor of indications for the triple osteotomy over both Chiari and Salter osteot-
omies. The valid explanators of effect for the triple osteotomy are: postoperative joint congruence (compared to the
Chiari osteotomy) and increase in joint coverage (compared to Salter osteotomy).

Conclusion Triple pelvic osteotomy is the method of choice in the management of acetabular dysplasia and other
disturbances of hip joint containment in adolescent age.
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INTRODUCTION

Regarding the hip, acetabular dysplasia is by far the
most frequent, most researched and most success-
fully treated disorder. It presents as an isolated form
or as a prerequisite for subluxation or complete hip
dislocation. If untreated, it develops early into degen-
erative changes followed by pain, loss of movements
and serious disability. Insufficient femoral head cov-
erage may develop even in cases of a well developed
acetabulum due to the changes on the femoral head
(Legg-Calve-Perthes disease, postreductional avas-
cular hip necrosis) [1, 2, 3].

The importance of early detection of the diseases
lies in early staged treatment — preventive treatment,
thus preventing the development of arthritis or caus-
ing its significant delay. There are different options
of the nonoperative treatment starting from the earli-
est age, while surgical treatment is considered only in
cases of nonoperative treatment failure or in patients
with progressed disease. The triple pelvic osteotomy is
the most effective surgical management of both dys-
plasia of the hip and secondary insufficient coverage
of the femoral head. According to several authors, it
is performed starting from the age of eight. The con-
ditions for performing the procedure are the ability
of concentric postoperative acetabulum and femoral
head congruence, preserved hip range of motion and
absence of significant degenerative changes. Fulfilment

of these conditions along with anatomic improvement
leads to an asymptomatic hip [4].

The triple pelvic osteotomy involves cutting of the
pelvis in three places: pubic, ischial and iliac bone.
According to the classic operating techniques it is
done by three open incisions, and then adequately fix-
ated, with an early start of rehabilitation and walking.
The triple pelvic osteotomy is nowadays considered
as the most contemporary surgical treatment of dis-
turbances regarding central positioning, coverage and
hip containment in children older than eight years.
Throughout the history other methods have been also
used, most frequently the Salter pelvic osteotomy —
isolated or combined with corrective femoral oste-
otomy, and the Chiari pelvic osteotomy [1, 2, 5-16].

The original triple pelvic osteotomy technique was
published by Tonnis in 1979. Compared to the major-
ity of other osteotomy techniques, the advantages of
this triple osteotomy consist in the proximal osteot-
omy of the ischial bone, very close to the acetabu-
lum. Since the osteotomies of the pubic and the iliac
bone are also close to the acetabulum, the anterola-
teral rotation is possible and performed much easier
than in other osteotomies [12, 14, 17-23].

The modification of the technique by Vladimirov
(used in our country) consists of the anatomic access
through two incisions, thus sparing and allowing an
easier and faster rehabilitation [12, 14, 23-26].
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OBJECTIVE

Our objectives were: 1) To define the conditions of the tri-
ple osteotomy method in relation to the methods of Chiari
and Salter pelvic osteotomies, or more precisely to set indi-
cations for the method implementation in adolescents; 2)
To determine relevant preoperative parameters significant
for choosing the type of operative treatment; 3) To com-
pare the results of triple osteotomy, and Chiari and Salter
pelvic osteotomies. At the same time to define the advan-
tages of the triple pelvic osteotomy in adolescents; 4) Triple
pelvic osteotomy results analysis, defining surgical proce-
dure details linked to postoperative complications previ-
ously noted in clinical practice, modification suggestions
in the attempt to prevent complications; 5) To determine
relevant postoperative parameters as predictors of the dif-
ference between the methods of triple osteotomy, and Salter
and Chiari osteotomies, all in the attempt to predict and
evaluate the results in a more precise manner.

METHODS

This study involved 136 adolescents treated with the Salter

and Chiari osteotomies or the triple pelvic osteotomy at the

Institute of orthopaedic surgery ,,Banjica” in Belgrade. The

adolescents treated with the Chiari and triple pelvic osteot-

omies were between 10-20 years old at the time of opera-
tion. The stated age range counted for the triple and Chiari
osteotomies, while the adolescents treated with the Salter
osteotomy were younger than 15.5 years. All the adolescent
patients operated on using these methods in the observed
period of time (57 patients were operated on using the triple
pelvic osteotomy, and 33 patients underwent surgery using the

Chiari osteotomy) were involved in a parallel statistical analy-

sis of parameters gained by the triple and Chiari osteotomies.

However, the statistical analysis of the differences between

the triple and Salter osteotomies involved all patients oper-

ated on using the Salter osteotomy and 29 youngest patients
who were from the triple osteotomy group. Defining a sub-
set of patients from the triple osteotomy group was neces-
sary for comparing them with the Salter osteotomy group.

We defined the subset using the age distribution analysis in

the triple osteotomy group of patients, selecting the size of

the subset so that the age distribution was very similar to

the group of patients operated on using the Salter osteot-

omy, and thus assuring that the two groups were comparable.
We collected and analyzed data from all patients:

1. Illness history: gender, type of possible prior treatment,
presence of painful discomforts.

2. Operative parameters: diagnosis, type of operation, loca-
tion (left/right hip), and the patient’s age at the time of
operation.

3. Preoperative pathoanatomic data: the CE angle of Wiberg
of the diseased hip, preoperative leg length inequality,
stage of Legg-Calve-Perthes (LCP) disease (Hirohashi-
Koehler classification), preoperative joint containment
(acetabular head index, only in LCP patients), preop-
erative femoral head deformity (Robert Seringe classi-
fication, only in PAN patients).

4. Postoperative pathoanatomic data: the CE angle of the
operated hip, residual leg length inequality, congruence
(Stulberg classification), type of residual deformity of the
joint (only in LCP patients), postoperative joint contain-
ment (measured analogously to the preoperative meas-
urements), and residual femoral head deformity (also
measured analogously to the preoperative measurements).
All the patients were divided according to their diag-

nosis: 62 patients (45.6%) suffered from the developmen-

tal dysplasia of the hip (DDH), 34 patients (25%) suffered
from LCP disease, 37 patients (27.2%) had post-reduction
avascular necrosis (PAN), 2 patients (1.5%) had non-LCP
avascular necrosis, and 1 patient (0.7%) had septic shock
sequel. When statistically processed, the patients with
avascular necrosis were relocated to the group of patients
with LCP, due to similar pathophysiological parameters.
The patient with septic shock sequel was relocated to the
group of patients with post-reduction avascular necrosis
according to the sequel classification (Hunka 2b) where this
damage was considered equal to that in PAN. According to
the pathophysiological substrate, we formed three groups
and all three types of pelvic osteotomies were presented

in each group (Table 1).

The data was statistically processed using the statistical
software SPSS, defining standard descriptive values, and
by using the appropriate tests of analytical statistics: t-test
for dependent and independent variables, x-test, Fisher’s
exact test, Wilcoxon’ test, parameter correlation, one-way
ANOVA, multi-factorial ANOVA and logistic regression,
according to the type of analyzed data and the conditions
of applying the statistical methods.

The results were assessed according to the probability of
the null hypothesis of 0.05 for the level of statistical impor-
tance, and 0.01 for the high level of statistical importance.

RESULTS
Patients’ gender structure

Gender structure in 136 patients involved 53 male (39%)
and 83 female patients (61%). There was a high statisti-
cal difference regarding the gender in patients with vari-
ous diagnosis (x?=59.227; p<0.01). In patients with DDH
there were significantly more female than male patients
(53:9), in patients suffering from LCP there were more
male patients (33:3) and more female patients were found
in those suffering from PAN (27:11).

Prior treatment

From the total number of patients included in this study,
42 patients (30.9%) had no prior treatment and 69 patients
(50.7%) were treated nonoperatively. Among 25 operatively
treated patients (18.4%), the Salter osteotomy as a form of
prior treatment was done in 14 patients. There was a high
statistical difference in the type of preoperative treatment
regarding the diagnosis (x>=32.782; p<0.01): in the group of
62 patients with DDH 20 patients had no prior treatment,



Table 1. Number of patients classified according to diagnosis and
type of surgical treatment

Type of osteotomy DDH LCP PAN Total
Triple 31 10 16 57
Salter 13 22 1 46
Chiari 18 4 1 33
Total 62 36 38 136

30 patients were treated nonoperatively and 12 patients
were operatively treated; in the group of 36 patients with
LCP 22 patients had no prior treatment, 10 patients were
treated nonoperatively and four were treated operatively;
in the group of 38 patients suffering from PAN all were
treated prior to this study, of whom 29 patients were treated
nonoperatively and nine patients operatively.

However, the type of preoperative treatment did not result
in significant difference regarding the values of preoper-
atively measured CE angle of Wiberg of the diseased hip.

Most of the patients who underwent the triple pelvic
osteotomy had no prior treatment (71.9%), in patients
where we performed the Salter osteotomy 56.5% of patients
also had no prior treatment, in the group of patients where
we performed the Chiari osteotomy the number of prior
nonoperatively, operatively treated and untreated patients
was equal (33.3%).

A high statistical difference was detected in the type of
prior treatment regarding the type of the present opera-
tive procedure (x*=35.176; p<0.01).

Preoperative discomforts

In the preoperative period painful discomforts of the dis-
eased hip were present in 92 patients (67.6%). No statisti-
cal difference was found in the presence of pain among the
three diseases, nor according to the preoperative patho-
anatomic substrate; the phase of the LCP and the type of
preoperative deformity in PAN.

However, there was a high statistical difference regard-
ing the relation between painful discomforts and preop-
erative treatment (x*=9.529; p<0.01); pain was present in
50% of untreated patients, in most of nonoperatively treated
patients (78.3%) and in 68% of operatively treated patients.

Type of surgical treatment

From the total of 136 patients, the triple pelvic osteotomy
was performed in 57 (41.9%): isolated in 49 cases (36%),
with shortening femoral osteotomy in two cases (1.5%)
and in six patients (4.4%) with the descensus of the great
trochanter; in 46 patients we performed the Salter osteot-
omy (33.8%): isolated in 15 patients (11%), with femoral
osteotomy in 28 patients (20.6%) and with the descensus
of the great trochanter in three cases (2.2%); 33 patients
underwent the Chiari osteotomy: isolated in 24 patients
(17.6%), with shortening femoral osteotomy in three
patients (2.2%) and with the descensus of the great tro-
chanter in six patients (4.4%). All percentages referred to
the total number of patients.
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The left hip was operated on in 70 patients, and the
right hip in 66 patients.

The total follow-up period was in the range from 8
months to 13 2/12 years, with the average of 37.9 months.

Regarding the gender structure, we detected a high sta-
tistical difference in various types of surgical procedures
(x*=15.631; p=0.000): in the group of triple osteotomies
there were 22.8% male and 77.2% female patients, in the
group of Salter osteotomies there were 60.9% male and
39.1% female patients, while in the group of Chiari osteot-
omies there were 36.3 % male and 63.7% female patients.

A high statistical difference also existed in the per-
formed type of operation regarding the preoperative diag-
nosis (x?=17.397; p=0.002) (Table 1).

Anatomic parameters
CE angle of Wiberg

The values of the CE angle of Wiberg measured in all
patients are displayed in Table 2.

Preoperatively measured CE angle of Wiberg of the
operated hip was averagely 16.49° (SD=_8.57), results
were in the range of 0-37°, seven patients with a nega-
tive value of the Wiberg CE angle were not taken into
account. Postoperatively measured CE angle was aver-
agely 36.99°, with the range from 11-80° (SD=12.34), and
with an increase of 20.5° (SD=13.07). Having this value in
mind, there was a high statistical difference considering
the preoperative results (t=-21.112; p<0.01), as well as a
high statistical correlation between the preoperative and
postoperative results (t=0.438; p<0.01). We determined a
high statistical difference between the values of preopera-
tively measured CE angle of the diseased hip according to
the preoperative diagnosis (F=11.926; p<0.01), where the
difference came from the group of patients diagnosed with
LCP (average 21.7°) as compared to the group of patients
suffering from DDH (average 13.6°) and the patients diag-
nosed with PAN (average 15.9°).

The preoperative values of the CE angle of the diseased
hip statistically highly correlated with the preoperative joint
containment (r=0.698; p<0.01).

Further analysis revealed that the postoperative CE
angle increase depended on the type of performed surgi-
cal treatment with high statistical significance (F=16.622;
p<0.01). The increase in the average CE angle after the tri-
ple osteotomy was 25.4°, after the Salter osteotomy 14.5°
and 28.4° after the performed Chiari osteotomy. The dif-
ferences between the groups showed that the high statis-
tical difference was formed due to the value measured in
the Salter osteotomy compared to the other two surgical
procedures.

According to the type of performed treatment, high sta-
tistical differences were established between the average

Table 2. CE angle of Wiberg

Variable Preoperative | Postoperative
CE an9|e Min-Max 0-37 11-80
(degrees) SD 16.49+8.57 36.99+12.34
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Figure 2. Bilateral hip dysplasia treated by Chiari osteotomy (a — pre-
operative; b - final)

values of the postoperative CE angle (F=16.822; p<0.01)
due to the group of patients who underwent the triple
osteotomy (average 43.5°) compared to the other surgi-
cal groups (average 33° after Salter and 31.4° after Chiari
osteotomy) (Figures 1-5).

Also, the postoperative CE angle highly statistically cor-
related with the postoperative joint containment meas-
ured in the patients diagnosed with LCP (r=0,704; p<0.01),
and with the increase of the CE angle after the surgery
(r=0.523; p<0.01).

Postoperative hip congruence
From the total of 136 patients, postoperative X-rays revealed

spherical congruence in 61 patients (44.9%), aspherical
congruence in 62 patients (45.6%) and incongruence in

Figure 3. Bilateral hip dysplasia treated by triple pelvic osteotomy
(a - preoperative; b - final)

the remaining 13 patients (9.5%). There was a highly sig-
nificant difference (x*=18.717; p=0.001) in the congru-
ence distribution regarding the type of operation: spheri-
cal congruence was detected in 59.6% of patients treated by
the triple osteotomy, aspherical congruence was detected
in 50% of patients treated by the Salter osteotomy and in
54.5% of patients treated by the Chiari osteotomy.

Logistic regression analysis

The above results speak in favour of the significance of
mutual differences and correlations among certain param-
eters. Aiming at a quantitative analysis of their impact on
the total significance of the difference among the three
groups of the operated patients (by Salter, Chiari and tri-
ple osteotomy), it is accustomed in studies of this type to
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Figure 4. Legg-Calve-Perthes disease of the right hip treated by triple pelvic osteotomy (a, b - preoperative; ¢ - final)

—y

Figure 5. Bilateral postreduction avascular necrosis, left hip treated
by triple pelvic osteotomy and greater trochanter descensus (a — pre-
operative; b - final)

L

Figure 6. Complication of triple pelvic osteotomy — pseudoarthrosis
of both ischial and pubic bones

use the statistical method of logistic regression [17]. As the
dependent dichotomous variable we introduced the deci-
sion variable to apply the triple and the Salter osteotomy.
Thus we detected the predictors of belonging to one of the
treatment modalities (predictors of indications) among the
preoperative variables. In the same manner we detected the
discriminators among the postoperative variables, namely
the explanators of the impact of the type of performed oper-
ating procedure on the differences in treatment outcome.

Analyzing the results we concluded that the most sig-
nificant preoperative predictor for choosing the triple oste-
otomy over the Chiari osteotomy was the presence of pre-
operative painful discomforts (Table 3).

The most significant explanators of the difference between
the results of the triple osteotomy in regard to the Chiari
osteotomy was the postoperative hip congruence (Table 4).

The presence of preoperative painful discomforts sin-
gled out as a strong predictor of indications for perform-
ing the triple osteotomy in regard to the Salter osteotomy.
Less significant predictors were the data concerning the
prior treatment of the patient (Table 5).

Postoperative increase of the CE angle could be estab-
lished as the valid explanator for the triple osteotomy effect
in regard to the Salter osteotomy (Table 6).

Surgical complications

The following complications were detected in the group of
patients operated on using the triple osteotomy method:
1) One case of deep wound infection completely solved by
early wound debridement and parenterally applied anti-
biotics; 2) One case of discrete peroneal palsy healed with
corticosteroids, B vitamins and physical therapy without
any consequences; 3) In seven cases we detected the for-
mation of pseudoarthroses, in two patients pseudoar-
throsis of the pubis, and in five patients pseudoarthrosis
of both pubis and the ischium. All pseudoarthroses were
asymptomatic. No pseudoarthrosis of the iliac bone was
detected (Figure 6).

DISCUSSION

Acetabular dysplasia and hip incongruence are present
in a large number of patients treated for DDH and LCP;
therefore the treatment of these disorders presents a com-
plex problem and calls for optimal guideline management



Table 3. Predictors of indications - triple osteotomy in reference to Chiari osteotomy
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. 95% Cl
Variable B SD p RR -
Lower Higher
Preoperative painful discomforts 2.51 0.95 0.008 12.35 1.91 79.91
Preoperative CE angle 0.15 0.05 0.008 1.16 1.04 1.29
Constant -7.01 1.71 0.000
B - logistic regression coefficient; SD - standard deviation; p — null hypothesis; RR - relative risk; Cl - confidence interval
Table 4. Explanators of the effect - triple osteotomy in reference to Chiari osteotomy
X 95% ClI
Variable B SD p RR -
Lower Higher
Increase of CE angle -0.19 0.06 0.008 1235 1.91 79.91
Postoperative CE angle 0.11 0.04 0.008 1.16 1.04 1.29
Postoperative joint congruence -1.59 0.73 0.000
Constant -4.34 1.84
Table 5. Predictors of indications - triple osteotomy in reference to Salter osteotomy
. 95% ClI
Variable B SD p RR -
Lower Higher
Preoperative painful discomforts 3.1592 0.9150 0.0006 23.5516 3.9187 141.5464
Prior treatment 1.3905 0.5115 0.0066 4.0170 1.4741 10.9467
Constant -2.2867 0.8677 6.9457
Table 6. Explanators of effect - triple osteotomy in reference to Salter osteotomy
. 95% Cl
Variable B SD p RR -
Lower Higher
Increase of CE angle 0.12 0.04 0.0016 1.1330 1.0483 1.2245
Constant -4.7702 1.9937 0.0167

adapted to different age and individual patient character-
istics. Adolescent age features a lower biological remod-
elling potential (compared to younger children), a very
negative hip burden and its biomechanical characteris-
tic relation (emphasized physical activity and substantial
body weight), as well as the impossibility of applying tech-
nologically improved aloarthroplastic methods (reserved
for much older patients) [27].

Insufficient coverage in the anterior and superolateral
part of the hip, often with present enlargement of the val-
gus and anteversion of the proximal femur is the patho-
physiological substrate that guides the natural course of
hip dysplasia in adolescents to early osteoarthritis and dis-
ability. The increase of the resultant mechanical forces in
the joint along with decreased supporting surface of the
acetabulum leads to hip joint contact pressure increase,
further leading to painful discomforts, restricted move-
ment, progressive damage of joint cartilage and osteoar-
thritis. In Perthes disease weakened mechanical features of
the femoral head caused by the action of mechanical forces
resultantly lead to subchondral collapse followed by fem-
oral head deformity with extrusion and joint incongru-
ence. Post-reduction femoral head osteochondritis also
leads to joint surface deformation and disturbance of joint
surface congruence. These negative biomechanical condi-
tions also cause damage to acetabular joint surface lead-
ing to osteoarthritis.

The change of the geometric relation between the
acetabulum and the femoral head by surgical procedures
results in the increase of the acetabular supporting sur-
face, change of the angle and intensity of the resultant
mechanical forces in the hip, which further leads to alle-

viating symptoms and delaying of the development of def-
inite osteoarthritic changes [28]. Functional improvement,
measurable anatomic effect and joint deformity restitution
are possible if the surgical procedure is adequately applied,
and in the range of the biological remodelling potential in
the adolescent age.

Modern surgical methods used for that purpose in the
adolescent age are pelvic osteotomies: Chiari, Salter and the
triple osteotomy. These surgical procedures have different
preoperative indications, different performing techniques
and different effects on the operated joint. The triple oste-
otomy, the most recent of all mentioned techniques, has
been developed aiming at the elimination of the flaws of
the other two osteotomies in the treatment of the damaged
hip congruence. Comparison between these three methods
is best made taking into account indications for all three
methods, acetabulum dysplasia and hip incongruence in
the adolescent age. In the literature there is data on the tri-
ple osteotomy compared to the Chiari osteotomy in older
patient groups and in the field of already existing degen-
erative changes in the hip. Numerous statements also give
comparison between the Chiari and Salter osteotomy for
hip dysplasia treatment in the paediatric population. There
is few data concerning the comparison between the Salter
and triple osteotomy, and as far as we know, simultane-
ous comparison of all three methods done by one surgi-
cal team on a homogenous clinical sample has not been
published until now.

The gender distribution of patients into three groups
reflects the frequency of hip dysplasia, post-reduction oste-
ochondritis and Perthes disease in males and females, the
fact well known in the literature. The triple osteotomy is



followed by spherical congruence domination, while the
other two osteotomies are usually followed by aspheric
congruence. This can be explained by a higher therapeu-
tic effect of the triple osteotomy and different characteris-
tics of the above mentioned diseases. The Perthes disease
more often features aspheric congruence than DDH, and
due to a faster development of symptoms the Salter oste-
otomy is more often performed, mainly being used in the
earlier adolescent period. In a similar way, the velocity of
post-reduction avascular necrosis development, female
gender domination, severity of pathological findings and
affected both joint surfaces are the indications for the
Chiari osteotomy, which is characterized by a lower capa-
bility for biological joint regeneration than reconstructive
pelvic osteotomies.

The patients in our study were treated differently prior to
operation. Half of them were previously surgically treated,
about a third of the patients (30.9%) had no prior treat-
ment, and the remaining ones were treated by various non-
operative procedures. Similar findings have been observed
in the literature, despite the level of the development of the
method of DDH prevention in the involved communities,
which is important regarding the age and the number of
candidates for surgery. The type of preoperative treatment
had no significant impact concerning the preoperatively
determined radiological or functional parameters.

During the preoperative period painful hip discom-
forts were present in two thirds of the patients, which was
without any significant difference regarding the diagno-
sis or the preoperative pathoanatomic substrate. The rea-
son for such an independent pain feature in the analyzed
clinical material partly lies in the extent of the age inter-
val (10-20 years), and partly in the fact that in the situation
of disturbed hip congruence pain arises from the summa-
tion of several pathoanatomic factors, and not necessarily
as part of coxarthrosis limiting the possibility of perform-
ing the triple osteotomy. In the literature there is a data
on smaller series of patients undergoing the triple oste-
otomy where preoperative pain was present in 100% of
patients [29]. Progressive presence of pain in the hip and
the thigh characterizes the observed disease progression.
This explains the more often pain feature in preoperatively
treated patients compared to the preoperatively untreated
patients in our sample (x>=9.529; p<0.01).

The CE angle of Wiberg is the most frequently used
radiological parameter that gives us a good insight into the
hip anatomic relations when dealing with disturbed joint
congruence. The average preoperative and postoperative
values are displayed in Table 2. The significantly smaller
average value of the preoperative CE angle detected in the
patients with DDH and PAN compared to the patients with
LCP in our study is the reflection of the pathophysiolog-
ical characteristics of the diseases themselves, and has no
impact on the importance of this fact in further analysis.
The postoperative increase of 20.5° represents a high sta-
tistical significance, and a highly significant correlation of
the preoperative and postoperative results which speak in
favour of the efficiency of surgical treatment and the pos-
sibility of predicting the postoperative result. At the same
time, the CE angle postoperative increase is found to be
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dependent on the type of performed operation. Similar
findings have been described by other authors as well.
Coverage improvement after the performed triple osteot-
omy in our study (25.4°) is among better ones compared
to the results of other authors (16-36°) [6, 7, 11, 18, 20, 29,
30]. The detected CE angle increase of 14.5° in our study
after the performed Salter osteotomy also fits into up till
now published results of other authors (13.2-17.3°) [31,
32]. The evidence of increased CE angle correction (17-
45.8°) after the performed Chiari osteotomy (28.4° in our
case) has been published in the literature. The possibility
of increased coverage after the performed Chiari osteot-
omy is very strong, but in this study it was performed on
patients with a very small preoperative CE angle that fol-
lowed the general disturbance of joint congruence, which is
one of the criteria for performing the Chiari osteotomy. In
other words, the adequate standard for a successful Chiari
osteotomy compared to the triple osteotomy is the differ-
ence between the preoperative and postoperative CE angle
values and not the size of the preoperatively measured CE
angle. The logistic-regression analysis also confirmed this
conclusion. However, postoperative X-rays after the Chiari
osteotomy and the lateral edge of the covering surface are
not always consistent and present a bit of a problem. Thus,
the results gained after performing the Chiari osteotomy
that significantly deviate from the average ones should be
acknowledged with some reservations [28, 31, 33, 34, 35].
It is obvious that the triple osteotomy gives the opportu-
nity of coverage improvement that is comparable with the
one that is gained by performing the Chiari osteotomy, and
significantly better than the improvement gained from the
Salter osteotomy [34].

In the patients with LCP, the postoperative CE angle
highly statistically correlated with postoperative joint con-
tainment and the postoperative CE angle increase. This con-
firms the sensitivity and uniqueness of these two types of
hip coverage measuring, but also confirms the impact of CE
angle correction by surgery at the final anatomic finding.

Of the total 136 patients, after the operation 61 patients
featured spherical congruence, 62 patients featured aspher-
ical congruence and 13 patients expressed joint incongru-
ence. There was a highly significant difference in the type
of performed operation regarding congruence: in the tri-
ple osteotomy group of patients, spherical congruence was
the predominant finding, while in the other two groups
of patients aspherical congruence was the most frequent
finding. In the patients who underwent the Chiari oste-
otomy, such postoperative finding was partly the result of
the specific age group that featured a biological remodel-
ling potential, and partly the result of the fact that patients
older than 14 years, who did not meet the triple osteotomy
indications, were operated on using the Chiari osteotomy
and without developing total incongruence. In accordance
with the quotations from various studies, the effect of the
Chiari osteotomy on the congruence enhancement of an
already damaged joint is minor.

We established that over 60% of the patents suffering
from Perthes disease were treated in the advanced stadium
of the disease, when the radiographically verified fragmen-
tation of the femoral head had already developed. Other
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authors also state a similar percentage of patients in the
advanced stadium of the disease, which confirms the glo-
bal problem of early diagnosis and the need for a prompt
treatment of Perthes disease [36].

The assessment of hip joint containment using the
acetabulum-head index of Heyman-Herndon (HHI) is
considered as very important, since it has been proved that
this parameter is much more reliable than the CE angle of
Wiberg, or in other words less dependable on the expe-
rience of the person conducting the measurements [3].
In patients with LCP, preoperative joint containment was
78.8% and postoperative 87.1%, with a high statistical dif-
ference and a high correlation of the results. Applying dif-
ferent surgical procedures brought no significant differ-
ence in the hip joint containment. On the other hand, there
are studies indicating a bigger joint containment enhance-
ment after the performed Chiari osteotomy (58% preop-
eratively, 97% at the end of follow-up) [28], and after the
Salter osteotomy (60% preoperatively, 75% at the end of
follow-up) [32]. In the subset of patients with LCP, a pre-
operative residual deformity featured in 28 patients, with-
out any significant impact depending on the type of per-
formed treatment.

In the patients suffering from PAN we detected a
highly significant difference in postoperative deformity,
regarding the type of performed treatment: no deformi-
ties featured in 75% of the patients after the triple osteot-
omy, and caput valgus deformity featured in 45% of the
patients after the Salter osteotomy. In the Chiari group all
the patients had some form of deformity and 45% had type
3 deformity. There was also a significant difference in the
type of performed procedure and the type of preopera-
tive deformity regarding the joint congruence. However,
it is noticeable that the reconstructive osteotomies reori-
entating the acetabulum offer better biomechanical con-
ditions for recovery of the damaged proximal femur than
the Chiari osteotomy.

We were also enabled to quantify and more reliably eval-
uate each surgical procedure, so that further development
and application could be followed and aimed in a scien-
tifically justified and applicable manner, regardless of the
number of studied patients, thus decreasing the need for
perceiving the effect of surgery exclusively on a large, very
hard to achieve, series.

The strongest predictor for choosing the triple osteot-
omy over the Chiari osteotomy is the presence of preop-
erative painful discomforts. The preoperative CE angle is
considered as less powerful predictor. Thus, from all the
observed parameters, the decision for choosing the triple
osteotomy instead of the Chiari osteotomy is most consist-
ent with the presence of painful discomforts and the ana-
tomic relationship of hip coverage.

The most significant explanators of difference in the
results regarding the Chiari osteotomy is postoperative
hip congruence. This parameter has a negative sign, which
points out the direction of proportionality: the absence of
spherical congruence domination strongly distinguishes
the results of these two groups, in favour of triple osteot-
omy. Less valid explanators are radiographic findings, such
as postoperative increase of the CE angle.

Preoperative feature of painful discomforts is singled out
as a strong predictor of indications for choosing the triple
osteotomy rather than the Salter osteotomy. The data of
prior treatment is a less strong predictor. Both parameters
have a positive sign, meaning that pain feature and prior
operative treatment with a statistically high significance
determine the choice of the triple osteotomy.

In the groups of patients operated on using the tri-
ple and the Salter osteotomy (having in mind the sample
formed of patients operated on using the triple osteotomy
due to age comparability) parameters were assessed using
the method of logistic regression and we defined postop-
erative increase of the CE angle as an explanator of effect.

Complications of the triple osteotomy [13-16]:

o One case of deep wound infection (1.3%), completely
regenerated with early wound debridement and parenter-
ally applied antibiotics. Such infection frequency is within
the range of usual postoperative infection frequency in
orthopaedic surgery.

o One case (1.3%) of discrete peroneal palsy, healed with
corticosteroids, B vitamins and physical therapy with-
out any consequences. Most likely the consequence of
traumatic oedema of the ischial nerve due to harsher
surgical work on somewhat lower osteotomy of the
ischial bone and subsequent formation of haematoma.
The finding is in accordance with the observations of
other authors: according to Tonnis, this complication
is expected in 1% of cases after performing the triple
osteotomy, although various studies have reported this
complication even in 4.6% of patients [18, 20]. Findings
after the Chiari osteotomy are also comparable (1.1%).

o In seven cases we detected pseudoarthrosis, in two
patients (2.6%) pseudoarthrosis of the pubis, and in five
patients (6.6%) pseudoarthrosis of both pubis and the
ischium. All pseudoarthroses were asymptomatic. No
pseudoarthrosis of the iliac bone was detected. Other
authors reported similar and even worse results, and
also cases of painful pseudoarthrosis of the pubis that
had to be operatively managed. There are authors who
claim that pseudoarthroses are in positive correlation
with age [6, 7, 11, 18, 20, 21, 30, 37]. All unhealed oste-
otomies are verified among the first operated patients in
case of resection osteotomies. This leads to the conclu-
sion that it is a matter of defect pseudoarthrosis as the
result of too large resections during osteotomies and
muscle interposition preventing bone contact and the
usual good healing in such young patients.

CONCLUSION

In conclusion we may say that the triple pelvic osteotomy
in adolescent age allows a total acetabular mobility and
easy reorientation of the acetabulum, no increased pres-
sure onto the femoral head, no significant difference in the
postoperative leg length, good healing of the osteotomized
bones (especially if the bone resection is not performed),
and a prompt and total functional recovery.

Indications for the triple osteotomy include patients
with hip dysplasia, with a preserved ability of establish-



ing congruence by anterolateral coverage (in the position
of abduction and flexion of the upper leg) and patients
older than 8-10 years with a preserved functional range of
motion. In children up to 8-10 years the Salter osteotomy
singles out as an adequate surgical procedure. In cases of
distinctly different joint surfaces and developed degener-
ative changes, i.e. in cases of impossibility to establish hip
congruence the Chiari osteotomy can provide pain reduc-
tion and improvement of joint function.

The modification of the original Tonnis technique by
Vladimirov has been successfully adopted in our country,
simplifying the surgical procedure, reducing the operative
damage and accelerating the recovery.
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TPOCTpYKa OCTEOTOMMja Kap/InLe Y iedetby AUCnaasunje KyKa

3opaH BykawnHosuh', Aywko Cnacoscku', 3opuuia XKrekosuh?, Hemarba Cnaskosuh', Coduja Lieposuh?

TMIHCTUTYT 3a opToneacKo-xmpypLuKe 6onectn,barbunua’, beorpag, Cpbuja;
2KnnHunuko-6onHMYKN ueHTap,Jp Aparvwa Muwosuh’, beorpag, Cpbuja

KPATAK CAAPXAJ

YBop HepjoBObHa MOKPMBEHOCT raBe By THe KOCTM je TUMMYHa 3a
MHOTra OpTONefcKa CTatba, a aLeTabynapHa gucnnasmja je Hajue-
whu nopemehaj koa Kojer ce cpehe. TpocTpyka ocTeoToMMja Kap-
JLiE je HajHOBMja XMPYpPLLKa METOAA leyetba OBOra CTakba.

Lwmb papa Y papy cy aHanmsnpaHe npeonepawoHe 1 noctonepa-
LIMOHe MaToaHaTOMCKe OANIMKE TPOCTPYKe OCTEOTOMMje Kapauue y
nopefery ca octeotomujama no Cantepy (Salter) v Kjapujy (Chiari).
MeToge paga Victpaxuatbe je 0byxsatuno 136 agonecueHata
Koju cy neyeHn CantepoBom, KjapujeBom mam TpocTpykom ocTe-
OTOMWjOM KapnuLe y VIHCTUTYTy 3a opTonefcko-xmpypLuke 6one-
ctn ,barbnua” y beorpagy. Y Bpeme onepaumje 6onecHuum cy 6u-
nm y3pacta of 10 go 20 roguHa. 3HauajHMMa Cy ce cmaTpanm cre-
Aehn nofayu: aHamHe3a, NpeonepaLmoHn Hanas, AeTasbu Xupyp-
LUKOT NleYyerba, PesyTaT HakoH onepauyuje. Y cTaTuctnykoj obpa-
An matepujana KopuiwheHu cy nporpam SPSS, meTope feckpun-
TWBHE CTAaTUCTUKE W afeKBaTHY aHanuTUuYKy TectoBm: CTyAeHTOB
{-TeCT 3a 3aBMCHe 1 He3aBlICHe Y30pKe, X2-TecT, Drwepos (Fisher)
TecT, BunkokcoHos (Wilcoxon) Tect, Tect Kopenauuje, jegHocmep-
Ha ANOVA, myntndaktopcka ANOVA 1 noructiyka perpecuja.

Pesyntatn lMpoceunn Bubepros (Wiberg) yrao (CE) nocne Tpo-
CTpyKe ocTeoToMUje KapauLe 6uo je 43,5°, Behin Hero nocne Can-
TepoBe (33,0°) n Kjapunjese octeotomuje (31,4°) (F=16,822; p<0,01).
MoTBphHeHo je cTaTUCTUYKK 3HaYajHOM BepoBaTHohoM Aa je che-
pWYHa KOHrpyeHUmja yewhn pesyntaT nocne TPOCTPyKe 0CTEOTO-
Muje KapnuLe Hero nocnie apyre ABe HaBefieHe BPCTe onepawy-
ja. YTBpheHo je Aa je 3acTynsbeHocT 6ona npe onepaumje 3Hava-
jaH MHAVKaLMOHM GaKTop Koju Aaje NpesHOCT TPOCTPYKOj OCTEO-
TOMUju Kapnuue y ogHocy Ha CantepoBy 1 KjapujeBy octeotomu-
jy. BUTHM Noka3aTesbn edpeKkTa TPOCTPYKE OCTEOTOMUjE KapnuLe
Cy: noctonepayuoHa 3rnobHa nogyaapHocT (y nopehery ca Kja-
puvjeBOM 0CTEOTOMIjOM) 11 MoBehatbe 3r106He HaTKPOB/LEHOCTU
(y nopebhetpy ca CantepoBoM 0CTEOTOMIIjOM).

3aK/byuak TpocTpyka ocTeoToMUja Kapiuue je metona n3bopa
neyetba aueTtabynapHe gucnnasuje v apyrux nopemehaja cagp-
XaHOCTN 3rn06a Kyka y afjonecLieHTHOM Jo0y.

KibyuHe peum: gucnnasvja Kyka; Bubepros (Wiberg) CE yrao;
TPOCTPYKa OCTEOTOMMja Kap/uLe; NoKasaTesb epeKTa; npeTmno-
CTaBJ/bEHV NCXOA
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