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ABSTRACT

Objective: To comparatively evaluate the clinical and radiograph-
ic outcomes of performing Tonnis triple innominate osteotomy
(TIO) with or without greater trochanteric epiphysiodesis (TE).

Materials and Methods: A total of 37 patients (8 females and
29 males) were enrolled in this retrospective study. Out of them,
14 patients (3 females and 11 males) underwent TE with TIO
(TIO+TE group) and 23 patients (5 females and 18 males) under-
went TIO only (TIO group). For all patients, the range of motion,
leg length discrepancy, and Trendelenburg sign of the affected
hips were assessed both preoperatively and at the last control.

Results: At the last control, the mean hip abduction and ad-
duction in the TIO group were significantly higher than those in
the TIO+TE group. In terms of Trendelenburg sign and leg length
discrepancy, no significant difference was observed between
groups. Although the difference in center-trochanteric dis-
tance (CTD) between the affected and normal sides was higher
in TIO+TE group preoperatively, the difference in articulo-tro-
chanteric distance, CTD, and abductor lever arm length values
was the same in the two groups at the latest follow-up.

Conclusion: The results of this study showed that additional TE
significantly improved CTD especially in patients who had pre-
operatively lower CTD values compared to the healthy side.

Keywords: Legg-Calve-Perthes, Tonnis triple innominate oste-
otomy, trochanteric epiphysiodesis

0z
Amag: Tonnis Ugll innominat osteotomi (TIO) yapilan hastalarda biyiik

trokanterik epifizyodez (TE) uygulanan ve uygulanmayan hastalarin kli-
nik ve radyografik sonuglarini karsilastirmali olarak degerlendirmektir.

Gereg ve Yontemler: Bu retrospektif calismaya 37 hasta (8 ka-
din ve 29 erkek) dahil edildi. Bunlardan 14 hastaya (3 kadin ve
11 erkek) TIO ile TE (TIO + TE grubu), 23 hastaya (5 kadin ve 18
erkek) yalnizca TIO (TIO grubu) uygulandi. Tum hastalarda etki-
lenen kalgalarin hareket agiklig, bacak uzunlugu farki ve Tren-
delenburg isareti hem ameliyat oncesi hem de son kontrolde
degerlendirildi.

Bulgular: Son kontrolde, TIO grubundaki ortalama kalga abduk-
siyonu ve adduksiyonu, TIO + TE grubundakilerden anlamli de-
recede ylUksekti. Trendelenburg isareti ve bacak uzunlugu farki
agisindan gruplar arasinda anlamli bir fark gozlenmedi. Ameliyat
oncesi TIO + TE grubunda etkilenen ve normal taraflar arasinda-
ki merkez-trokanterik mesafe (CTD) farki daha yiksek olmasina
ragmen, son kontrollerinde artiktlo-trokanterik mesafe, CTD ve
abdiuktor kaldirag kol uzunlugu degerlerindeki fark, iki grupta
ayni idi.

Sonug: Bu ¢calismanin sonugclari, 6zellikle preoperatif olarak daha
disuk CTD degerlerine sahip hastalarda saglkli tarafa gore ilave
TE'nin CTD'yi 6nemli dlglde iyilestirdigini gostermistir.

Anahtar Kelimeler: Legg-Calve-Perthes, Tonnis li¢li innominat
osteotomi, trokanterik epifizyodez

INTRODUCTION
Due to premature fusion of the proximal femoral epiph-
ysis or flattening of the femoral head, greater trochan-

teric overgrowth may appear in patients with Legg-
Calve-Perthes disease (LCPD) (1). For many years, the
trochanteric epiphysiodesis (TE) has been performed and
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recommended to prevent trochanteric overgrowth, which
can cause the hip abductor lever arm shortening and an
abnormal gait in LCPD patients (2, 3).

On the other hand, triple innominate osteotomy (TIO) is
considered a successful option as a containment surgery
for LCPD, which can be performed in later stages for the
elderly without altering proximal femoral anatomy and
affecting hip abductor mechanism (4). In the literature,
there were limited studies on the effect of TE in combi-

Figure 1. a-d. (a) A 5-year-old boy with the diagnosis of LCPD
at the left hip, it was graded as Group C according to Herring's
Classification. (b) At 6 years old, insufficient femoral head cov-
erage was detected and operation was planned. (c) Tonnis TIO
and TE was performed during reossification stage according to
Waldenstrom's Classification. (d) At 12 years old, he had a Stul-
berg Class Ill left hip with a minimal trochanteric overgrowth
and negative Trendelenburg sign

Figure 2. a-d. (a) A 5-year-old girl with the diagnosis of LCPD
at the left hip, it was graded as Group C according to Herring's
Classification. (b) At 10 years old, insufficient femoral head
coverage was detected and operation was planned. (c) Tonnis
TIO and TE was performed during remodelling stage according
to Waldenstrom's Classification. (d) At 16 years old, she had a
Stulberg Class Il left hip with trochanteric overgrowth and a
positive Trendelenburg sign

nation with pelvic osteotomies for LCPD. Kitoh et al. de-
clared that the main predictor of trochanteric overgrowth
was the decreased lateral pillar height in LCPD patients
who underwent containment surgery, and the authors
recommended a careful follow-up for early prophylactic
epiphysiodesis (5).

The current study aimed to evaluate the TE effect in pa-
tients who underwent Tonnis TIO for LCPD.

MATERIALS and METHODS

This is a retrospective study that was conducted with the
approval of the ethical review board of Erzincan Univer-
sity and performed in accordance with the "Declaration
of Helsinki.” All individual participants who are included
in the study provided informed consent. A total of 43 pa-
tients underwent Tonnis TIO with the diagnosis of LCPD
between 2007 and 2011. The indications for the TIO in-
cluded femoral head lateralization, insufficient femoral
head coverage, and femoral head subluxation. We exclud-
ed six patients who had bilateral LCPD from the study to
compare the affected side with the normal side. A total of
37 patients (8 females and 29 males) were included in this
study. Out of them, 14 patients (3 females and 11 males)
underwent TE with TIO (TIO+TE group) and 23 patients
(5 females and 18 males) underwent TIO only (TIO group).
Metaizeau et al. described a transphyseal screw fixation
technique that was used to achieve trochanteric epiphys-
iodesis (Figures 1 and 2) (6). The patients were called after
discharge for control visits at the postoperative 29, 6,
12, and 24t weeks. Furthermore, all patients were still
under follow-up through the annual control visits.
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)
i
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Figure 3. The illustration of the measurements performed on
anteroposterior pelvis radiographs. ATD: Articulo-trochanteric
distance, CTD: Center-trochanteric distance
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Preoperatively and at the last follow-up, the leg length
discrepancy and Trendelenburg sign for each patient were
assessed. Through pelvis anteroposterior radiographs, ra-
diographic evaluation was performed by one senior sur-
geon who did not perform the operations. From the pre-
operative and last follow-up radiographs, center-edge

Table 1. Patients’ demographics and classifications of the
disease.

TIO+ TE TIO

group group p
(n=14) (n=23) value
Demographics
Age at the time of 9+17 9.7+29 0.212*
surgery (years)
Age at the last control 15+238 142 + 0.427*
(years) 29
Gender 0.982**
Female 3 (21%) 5(22%)
Male 11(79%) 18 (78%)
Classifications
Waldenstrom's 0.621**
Classification
Necrosis 2 (14%) 1(4%)
Fragmentation 2 (14%) 4 (17%)
Reossification 6 (43%) 8(35%)
Remodelling 4(29%) 10 (44%)
Catterall’s Classification 0.255**
Group | 0 (0%) 0 (0%)
Group Il 0 (0%) 1(4%)
Group Il 0 (0%) 3 (13%)
Group IV 14 (100%) 19 (83%)
Herring's Classification 0.915**
Group A 0 (0%) 0 (0%)
Group B 2 (14%) 3 (13%)
Group C 12 (86%) 20 (87%)

TIO: triple innominate osteotomy, TE: trochanteric epiphyseodesis, n: number
* p value according to student t-test.
** p value according to Pearson Chi-Square test.

angle (CEA), articulo-trochanteric distance (ATD), cen-
ter-trochanteric distance (CTD), and horizontal distance
between the tip of the trochanter and the center of the
femoral head (the abductor lever arm length) were mea-
sured (Figure 3). The difference in ATD, CTD, and abductor
lever arm length values between the healthy side and the
affected side was calculated by subtracting the healthy
side from the affected side. We did not prefer to calculate
the ratio of the affected side and the healthy side because
the negative values were also calculated and this would
give false results when we divided the affected side from
the healthy side. Moreover, the main disadvantage of cal-
culating the difference in values was that the difference
would be increased by the age and length of the children.
However, a relatively homogeneous patient population of
similar ages was evaluated and the mean age of the pa-
tients was also the same at the last follow-up.

We used Waldenstrom, Catterall, and lateral pillar (Her-
ring) classifications to evaluate the stage of the disease
preoperatively and used Stulberg classification to evalu-
ate outcome at the last control [7-10]. Furthermore, we
used Harris hip score for the functional evaluation of the
patients.

The Statistical Package for Social Sciences version 20.0
(IBM SPSS Corp.; Armonk, NY, USA) was used to perform
the statistical analysis. Mean and standard deviation was
reported for numeric data, whereas the categorical data
were presented as frequency and percent. Mann-Whit-
ney-U test or student t-test in accordance with the Sha-
piro-Wilk normality test was used to perform statistical
analysis of the difference in means. Also, Pearson'’s chi-
square test was used to perform a statistical analysis of
the difference in frequencies. P values lower than 0.05
(p<0.05) were considered as statistically significant.

RESULTS

The mean follow-up time of the patients was 5.2+1.2
years. Table 1 shows the patients’ demographics and LCPD
classifications. Furthermore, no significant difference was
observed between groups in terms of demographic data
and LCPD classification (Table 1). Also, in terms of Trende-

Table 2. Comparison of preoperative and last control physical examination and Harris hip scores between groups.

TIO + TE group (n=14)

TIO group (n=23)

p values® (pre- p values* (last

Last Last op comparison control comparison
Preoperative Control Preoperative Control of groups) of groups)
Leg length discrepancy (cm) 0.4+0.6 0.2+0.7 05+06 0.3+05 0.743 0.898
Trendelenburg sign (+/ -) 11/3 3/11 20/3 3/20 0.539 0.539
Harris hip score (points) 51.7 £ 81 87327 541+6.6 874 +24 0.375 0.932

TIO: triple innominate osteotomy, TE: trochanteric epiphyseodesis, n: number
* p values according to Mann-Whitney-u test or t-test
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Table 3. Comparison of preoperative and last control radiographic measurements between groups.

TIO + TE group (n=14)

TIO group (n=23)

p values* (pre- p values* (last

Last Last op comparison control comparison
Preoperative Control Preoperative Control of groups) of groups)

Center-edge angle (degrees) 1.7+59 27+4.4 (-)0.5+9 236+54 0.385 0.053
Articulo-trochanteric 58+49 11.8 +14.3 39+45 131+86 0.265 0.783
distance difference(mm)

Center-trochanteric 109+6.2 186 +14 43+45 16.7+10.3 0.003 0.681
distance difference (mm)

Length of the abductor lever 22+37 57+42 23+46 58+6.2 0.964 0.943

arm differece(mm)

TIO: triple innominate osteotomy, TE: trochanteric epiphyseodesis, n: number
* p values according to Mann-Whitney-u test or t-test
Bold p values indicate statistical significance

Table 4. Last control Stulberg classification of the patients.

TIO + TEgroup TIO group

(n=14) (n=23)
Stulberg classification
Class | 0 (0%) 1(4%)
Class Il 8 (57%) 12 (52%)
Class Ill 5 (36%) 8 (35%)
Class IV 1(7%) 2 (9%)

TIO: triple innominate osteotomy, TE: trochanteric epiphyseodesis, n: number

lenburg sign, leg length discrepancy, and Harris hip scores,
no significant difference was observed between groups
preoperatively and at the last control (Table 2).

In both groups, CEA improved, and no significant differ-
ence was observed between the two groups preopera-
tively and at the last control. Preoperatively, the differ-
ence in CTD from the healthy side was significantly higher
in the TIO+TE group than that in the TIO group. However,
no significant difference in ATD, CTD, and abductor lever
arm length values was observed between the two groups
at the last control (Table 3).

Stulberg classifications of the patients at the last control
were demonstrated in Table 4. Implant removal at skele-
tal maturity was performed for all patients. Furthermore,
during the follow-up of the patients, no complications
were detected.

DISCUSSION

The primary goal of the LCPD treatment is to maintain a
spherical femoral head to prevent early degenerative ar-
thritis. Trochanteric overgrowth is considered a secondary
problem, leading to abductor weakness and abnormal gait.
In the Tonnis TIO technique, the osteotomies of ischium,
pubis, and ilium are close enough to the hip joint which al-
lows satisfactory rotation of the acetabulum (11). TIO can

be performed for preventing further deformation of the
femoral head in the early stages of LCPD and for the con-
tainment of the femoral head in the later stages, especially
in patients with a sequel of other operations (12).

In the literature, several reports have recommended pro-
phylactic TE to prevent greater trochanteric overgrowth
in LCPD patients, especially in those who underwent fem-
oral varus osteotomy (FVO), which may cause abductor
weakness and abnormal gait (13-18). Matan et al. com-
pared patients who underwent either FVO or FVO+TE
for LCPD and declared that the patients who underwent
TE had less abductor weakness, better range of motion,
and less pain (13). Joseph et al. recommended early con-
tainment treatment with FVO+TE in early ages, which
according to their results was found to be superior to
conservative management (14). Also, Weiner and Kita-
koji et al. recommended TE+FVO due to decreased pit-
falls related to FVO alone (15, 16). Recently, Shah et al.
reported long-term results of the patients who under-
went FVO+TE for LCPD and achieved satisfactory results
with a significantly decreased Trendelenburg sign (17). To
the best of our knowledge, the disadvantage of proximal
FVO is the shortening of the affected limb and abductor
moment arm, thus causing abductor weakness and limp-
ing after surgery (18). In this study, Tonnis TIO alone or
in combination with TE was performed to preserve the
abductor mechanism. Preoperatively, there was no sig-
nificant difference between the two groups in terms of
demographics and disease classification. According to
our clinical findings, clinical improvements were achieved
in both groups compared to the preoperative findings in
terms of Trendelenburg sign and Harris hip scores. We
were unable to evaluate the decision for performing TE in
addition to TIO because of the retrospective design of the
study. However, a significant difference in preoperative
CTD between groups indicated that patients who under-
went additional TE had a significantly higher difference in
CTD compared to the healthy side.
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On the one hand, McCarthy and Weiner reported that ATD
is the indirect measurement of greater trochanteric over-
growth due to the measurement of ATD, which involves
the physis of the femoral head affected in LCPD patients
(19). Moreover, they found that there was a little change in
ATD in the affected hip; however, they concluded that TE
might still have an effect in patients aged over 8 years (19).
On the other hand, Van Tongel et al. found that there was
no difference in ATD when comparing pre- and postoper-
ative values (20). Unlike McCarthy and Weiner, the authors
recommended that TE should be performed before the age
of eight years (20). Stevens et al. assessed the results of TE
in combination with soft tissue release in LCPD patients;
they compared pre- and postoperative CTD values and no
significant difference was observed (21). Shah et al. com-
pared patients who underwent FVO+TE with the control
group and they recommended prophylactic TE and report-
ed that the values of ATD and CTD were significantly great-
er in the FVO+TE group than those in the controls that
were not operated on (17). In our study, we evaluated ATD,
CTD, and the abductor lever arm length for two groups pre-
operatively and at the last control. The difference in ATD,
CTD, and abductor lever arm compared to the healthy
side was assessed to evaluate patients independently by
age. Our radiographic findings showed that additional TE
significantly improved CTD especially in patients who had
preoperatively lower CTD values compared to the healthy
side. As discussed previously, the appropriate time to per-
form TE for trochanteric overgrowth is still under debate
in the literature. We achieved significant clinical and radio-
graphic improvements in the TIO+TE group, which consist-
ed of patients operated on at a mean age of 9 years and
preoperatively had a higher difference in CTD compared
to the healthy side, and these results supported McCarthy
and Weiner. On the other hand, we must keep in mind that
we can achieve better outcomes if the TE was performed
at earlier ages (Figures 1 and 2). However, in our study, we
had no change to determine the appropriate time to per-
form TE because all TE operations were performed com-
bined with TIO which had different indications for LCPD.
However, the results of our study also provide valuable
information to orthopedic surgeons about the decision of
additional TE during TIO. Based on our study results, when
alow CTD was observed preoperatively, additional TE could
be considered even for patients aged over 8 years.

Two main limitations were noted for this study. Firstly, the
study population was not a large series. However, a larger
and homogeneous patient population was comparative-
ly evaluated with respect to previous studies in the liter-
ature. Secondly, the criteria for performing TE were not
clear, which was also not clearly defined in the literature.
However, a preoperatively significant difference in CTD
between groups may indicate that patients who under-

went additional TE had a significantly higher difference in
CTD compared to the healthy side. The main strength of
the study was that it is the first study to evaluate the ef-
fect of TE in patients who underwent pelvic containment
surgery for LCPD. In addition to that, we evaluated a ho-
mogenous patient population with similar demographics
and disease classification.

In conclusion, based on our findings, patients with lower
CTD values benefited from additional TE during Tonnis
TIO for LCPD compared to the healthy side. When a low
CTD was observed preoperatively, TE should be consid-
ered even for patients aged over 8 years.
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