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SUMMARY

Introduction/Objective The purpose of this study was to compare two methods of treatment and to
evaluate the advantages in the final outcome of transcervical fixation of the femoral head using one
cannulated screw in the treatment of slipped capital femoral epiphysis.

Methods This study included 65 pediatric patients (35 boys and 30 girls), aged 6-16 years (average
11.86), during a 12-year period (2000-2012). We compared the slipping degree before and after the treat-
ment (Southwick angle), the range of motion before and after treatment, and complication occurrence
between two groups of children. The first group of children (26 patients) underwent closed reduction
and cast immobilization (Group I). The other group (39 patients) was treated with transcervical fixation
using one cannulated screw (Group I).

Results Comparing preoperative and postoperative Southwick angle, we found much better improvement
in Group I, but without statistical significance between the two groups of patients (p = 0.09). Observing
the range of motion of the hips before and after treatment, we found improvement in both groups of
patients, especially in patients treated using transcervical fixation with cannulated screw (Group lI). In
complication occurrence, the patients in Group Il had less complication occurrence compared to Group
I (p=0.02).

Conclusion The transcervical fixation using one cannulated screw has better clinical outcome and lower
complication rate in relation to closed reduction and cast immobilization in the treatment of slipped

capital femoral epiphysis.
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INTRODUCTION

Slipped capital femoral epiphysis (SCFE) is the
most common hip disorder in adolescence,
especially in obese adolescents. It occurs
in 0.2-10 per 100,000 children [1]. Also,
it could be connected to endocrinological
disorders, especially hypothyroidism and
hyperparathyroidism [2, 3]. Etiology of SCFE is
still unknown, but it is obvious that mechanical,
endocrinological, and genetic factors during
adolescence cause SCFE [4-11]. It has been
classified according to symptom duration,
weight ability, and radiographic degree of slip.
SCFE can be bilateral in approximately in 20-
25% of cases [12, 13].

Complications of SCFE can be early and late.
Early complications are rare. Avascular necrosis
(AVN) and chondrolysis are the most serious
and most common late complications of SCFE.
AVN is related to insufficient blood supply to
the femoral neck and head after the proximal
femoral epiphysis slips [4]. Epiphyseal slip
severity correlates directly to late complications’
occurrence [4, 7, 13].

Various procedures have been described in
the treatment of SCFE: closed reduction (CR)

and cast immobilization, minimal invasive
surgery and percutaneous fixation or femoral
osteotomies and osteosynthesis.

Prophylactic stabilization of the contralateral
hip is still controversial [14, 15, 16].

The aim of this study was to compare two
methods of treatment of SCFE and to evaluate
the advantages of transcervical fixation of the
femoral head using one cannulated screw in
the final outcome.

METHODS

This retrospective study included 65 pediatric
patients (35 boys and 30 girls), aged 6-16 years
(average 11.86), over a 12-year period (2000-
2012). Observation period was in the range of
six months to 12 years (average 6.83 years). We
compared the slipping degree angle before and
after treatment (Southwick angle), range of mo-
tion (ROM) of the hip before and after treat-
ment, and complications’ occurrence between
two groups of children [15, 16]. The first group
underwent CR and cast immobilization (Group
I). Group I included 26 patients (12 boys and 14
girls). The other group (Group II) was treated
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Figure 1. Anteroposterior view of slipped capital femoral epiphysis
(right hip affected) before treatment

-; ' |

Figure 3. Anteroposterior view of slipped capital femoral epiphysis
after treatment with transcervical fixation using one cannulated screw
(4 mm diameter)

with percutaneous pinning using one cannulated screw. This
group included 39 patients (23 boys and 16 girls). We ob-
served various types of SCFE according to slip duration, slip-
ping degree, and slip instability. According to SCFE types,
in our study, acute slips (less than three weeks’ duration)
were present in 6/26 (23.08%) patients in Group I, and in
11/39 (28.21%) patients in Group II. According to weight
ability, stable slips dominated in both groups - in Group I in
20/26 (76.92%) and in Group II in 33/30 (81.54%) patients.
Stable slips include slips where patients can walk (with or
without crutches), in contrast to unstable ones, where pa-
tients experience pain severe enough to prevents walking
even with crutches. Five patients had an endocrinological
contribution in SCFE - 3/26 (11.54%) in Group I and 2/39
(5.13%) in Group II. Bilateral involvement was found in
7165 patients (10.77%).

We observed radiological and clinical outcome in pa-
tients with SCFE. The Southwick angle is the radiological
parameter in SCFE we observed. It is measured bilater-
ally in anteroposterior and “frog leg” view, by drawing a
line perpendicular to the epiphyseal line (connecting the
points at anterior and posterior tips of the epiphysis) and
the femoral shaft angle. The final result of the slip is ob-
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Figure 2. “Frog leg” view of slipped capital femoral epiphysis (right
hip affected) before treatment

Figure 4. “Frog leg” view of slipped capital femoral epiphysis after
treatment with transcervical fixation using one cannulated screw
(4 mm diameter)

tained by subtraction from the angle of the unaffected side
and is expressed in angle degrees. The clinical outcome
we observed was the ROM of the hip before and after the
treatment: flexion, abduction, external and internal rota-
tion. For evaluation we used goniometer; the results are
expressed in angle degrees. Also, we evaluated the com-
plication occurrence in the observed patients. They can
be early (pain, infection, malfixation) or late (avascular
necrosis, chondrolysis, re-slip).

The exclusion criteria in this study were metabolic and
blood vessel diseases, patients on chemo- or radiotherapy,
and patients with bone dysplasia or bone tumors of the
proximal femur.

Reference data was selected according to history
data, clinical findings, and radiography of hips in
anteroposterior and “frog leg” position.

The study was done in accord with standards of the
institutional committee on ethics.

Treatment procedure and postoperative treatment

Both groups were initially treated with percutaneous
traction over a period of two weeks. The traction was

Srp Arh Celok Lek. 2019 May-Jun;147(5-6):335-340



Treatment of slipped capital femoral epiphysis — a comparative study during a twelve-year period

applied progressively in abduction and internal rotation
(with 10% of the patient’s total weight on each leg). After
percutaneous traction period, Group I was treated with
CR and cast immobilization using maneuver according to
Whitman, which means fixed position of the contralateral
hip in maximal abduction (about 70°) and progressive
increase of abduction (about 60°) and internal rotation
(about 20°) of the affected hip and immobilization in hip
spica cast [2, 4]. The cast was removed after six weeks,
which was followed by physical therapy (kinesiotherapy),
with progressive weight bearing (up to full-weight bearing
three months after the cast removal).

The other group of patients (Group II) was treated
using transcervical fixation with one cannulated screw.
The patients were in the supinated position with leg in
slight extension, abduction, and internal rotation. Under
the C-arm fluoroscopy control, two Kirschner wires (K-
wires) were inserted starting from the base of the neck to
epiphysis of the proximal femur. The K-wires were used
as “guides” for the cannulated screw. Before cannulated
screw insertion, we performed a small 2-cm skin incision
and drilling over the K-wires. After the cannulated screw
was inserted, the K-wires were extracted and fluoros-
copy control was done in the anteroposterior and “frog
leg” position. Average cannulated screw diameter was
4 or 4.5 mm (according to the patient’s age). Physical ther-
apy started two days after the surgery, with progressive
weight bearing.

Radiography was done immediately after treatment
(for Group I before cast removal), three months after the
treatment, and in six-month intervals up to two years after
treatment. After two years, radiographic control was done
annually.

Statistical interpretation

In statistical interpretation we used descriptive and analytic
methods of statistical analysis. For the estimation of
statistical differences between evaluated groups we used
Pearson’s x? test, Fisher’s exact test, Wilcoxon rank-sum
test with continuity correction, and Mann-Whitney U test.
Statistical significance was set at p < 0.05.

RESULTS

This retrospective study included 65 pediatric patients
divided into two groups, depending on the method of
treatment: CR and cast immobilization (Group I) or
transcervical fixation using one cannulated screw (Group
II). We found statistically significant differences between
Group I and Group II concerning the age and body weight
(p < 0.05) of participants, as Table 1 indicates.

Average symptom duration period for Group I was
61.77 days (range 2-180), while it was 50.72 days (range
3-180) for Group II. We found no statistical significance
in symptom duration period between the two groups of
patients (p = 0.316). Also, we found no statistical signifi-
cance in side affection (p = 0.0655).
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Table 1. Patient analysis according to sex, age, and body mass
depending on the method of treatment

Parameter ‘ Group I** ‘ Group [I*** ‘ Test
Sex
male 12 (46.15%) | 23 (58.97%) Pearson’s x? test
female 14 (53.85%) | 16 (41.03%) )(21 =1.0317;

p =0.3097
Age (years)
average (SD*) 10.74 (4.27) | 11.87 (4.49) | Wilcoxon rank sum
median (range) 11 (4-18) 12 (3-18) | test with continuity

correction W = 358;
p =0.0431

Body mass (kg)

average (SD¥)
median (range)

Wilcoxon rank sum

test with continuity

correction W =277,
p =0.0021

52.85(13.94) | 66.56 (16.89)
54(17-78) | 65 (34-100)

*Standard deviation;
**patients treated with closed reduction and casting (Whitman method);
***patients treated using percutaneous pinning using one cannulated screw

Table 2. Type of slipped capital femoral epiphysis (SCFE) related to
the method of treatment

Pearson’s
* *¥
Type of SCFE | Groupl| Group Il Total ¥ test
Acute SCFE 6(23.08%) | 11(28.21%) | 17 (26.15%)
- p =0.64488
Chronic SCFE | 20 (76.92%) | 28 (71.79%) | 48 (73.85%)
Total 26 (100%) | 39 (100%) | 65 (100%)

*Patients treated with closed reduction and casting (Whitman method);
**patients treated with percutaneous pinning using one cannulated screw

Table 3. Presentation of weight ability (stable vs. unstable) in slipped
capital femoral epiphysis (SCFE) depending on the method of
treatment

Weight ability " . Pearson’s
in SCFE Group | Group Il Total ¥ test
Stable 20 (76.92%) | 33 (84.62%) | 53 (81.54%)

p=0.43358
Unstable 6(23.08%) |6(15.38%) | 12(18.46%)
Total 26 (100%) |39 (100%) |65 (100%)

*Patients treated with closed reduction and casting (Whitman method);
**patients treated with percutaneous pinning using one cannulated screw

Table 4. Southwick angle distinction (before and after treatment)
depending on the method of treatment

Treatment Average Wilcoxon rank-sum
(SD)* Median* | Range* | test with continuity

method

distinction correction
Group I** | 13.08 (7.63) 10 5-30

W =629
Group II*** | 11.31(12.4) . 5-50 p=0.09974
1

SD - standard deviation;

*expressed in angle degrees;

**patients treated with closed reduction and casting (Whitman method);
***patients treated with percutaneous pinning using one cannulated screw

Acute and stable slips dominated in both groups of
patients, but we found no statistical significance between
the observed groups, as it is presented in Tables 2 and 3.
Endocrinological disorders in contribution to SCFE pre-
sented no statistical significance between the two groups
of patients (p = 0.3815).

Observing preoperative and postoperative Southwick
angle, we found a better improvement in Group II, but we
found no statistical significance between the two groups
of patients, as Table 4 presents.
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Table 5. Range of motion analysis before and after treatment of SCFE, depending of the method of treatment

Treatment method | Movement type BEforer iSISOSE Srapy After’\p;‘l&yigg\*era 247 Mann—(\r/)\l_f\;gclr;ee))/ Utest
External rotation 38.46 £ 5.62 39.23+4.84 0.696

Group I** Internal rotation 2346 +4.85 3269+3.8 <0.001
Flexion 106.73 +£11.91 11423 +6.43 0.036
Abduction 298117 40.77 £3.66 <0.001
External rotation 37.69 £6.57 41.28 +4.25 0.018
Internal rotation 23.33+3.31 37.56 +3.01 <0.001

Group [1*** -
Flexion 107.82+11.91 118.59+2.38 <0.001
Abduction 28.72£5.82 42,69 +2.53 <0.001

*Mean value * standard deviation (expressed in angle degrees);
*patients treated with closed reduction and casting (Whitman method);
**patients treated with percutaneous pinning using one cannulated screw

Table 6. Complications ratio depending on the method of treatment

Complications | Group I* | Group II** Total Flshfersetxact

No N 22 (84.62%) | 38 (97.44%) | 60 (92.31%)

complications

With p =0.02208
M 4(1538%) | 1(256%) | 5 (7.69%)

complications

Total 26 (100%) | 39 (100%) | 65 (100%)

*Patients treated with closed reduction and casting (Whitman method)
**patients treated with percutaneous pinning using one cannulated screw

Table 7. Complication analysis depending on the method of treatment

Complication | Group I* | Group II** o Fisher exact
type (%) o) | RO et
No — 22 (84.62%) | 38 (97.44%) | 60 (92.31%)
complications
=0.2208
/C'\gr‘:fe"cations 0(0%) | 1(256%) | 1(1.54%) | ©
p 4(1538%) | 0(0%) | 4(6.15%)
AVN
Total 26 (100%) | 39 (100%) | 65 (100%)

AVN - avascular necrosis;
*patients treated with closed reduction and casting (Whitman method);
**patients treated using percutaneous pinning using one cannulated screw

In statistical analysis of the ROM in affected hips before
and after the treatment, we found an improvement in both
groups of patients, but no statistical significance was found
between the two groups of patients, as it is presented in
Table 5.

Observing the complications” occurrence, we found
significant differences in complication occurrence and
severity between the two groups of patients (p = 0.022)
(Table 6). In Group I we found AVN of the femoral head
and neck in 4/26 patients (15.38%), and in Group II we
found no AVN, but we found a re-slip in one patient (2.5%)
(Table 7). In our study we found no chondrolysis among
complications.

DISCUSSION

The goal in treating SCFE is early diagnosis and early
treatment. We combined preoperative tractions with two
methods of treatment: CR and cast immobilization and
transcervical fixation using the cannulated screw.

Betz et al. [17] observed the complication occurrence
(AVN and chondrolysis) in patients treated with preopera-
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tive extension, CR, and cast immobilization. The study
included 32 patients (37 SCFE) over a 11-year period. They
concluded that 19% of patients had chondrolysis, 3% had
re-slipping of the capital femoral epiphysis, and there was
no AVN recurrence. Also, Hurley et al. [18] compared
re-slipping occurrence between patients treated with CR
and cast immobilization and patients treated with femo-
ral osteotomy. They concluded that 7% of patients treated
with CR and cast immobilization had re-slipping versus
36% of re-slipping in patients treated with femoral oste-
otomy. Our study included 26 patients treated with CR and
cast immobilization. The complication occurrence in our
study was 15.38% (4/26 patients), presented as AVN. All
of our patients affected with AVN had an unstable form
with slipping of over 30°. According to our observations,
we recommend an aggressive approach to unstable and
severe forms of SCFE.

One of the largest comparative studies concerning treat-
ment of SCFE was published by Kitano et al. [19]. They
observed 222 patients (average age 11.8 years) with the
average follow-up of 11.2 years. Preoperative slip value
(according to Southwick angle) measured using X-ray films
in anteroposterior and “frog like” position was 38.8° on
average. They compared the treatment outcome of SCFE
between patients treated with CR and cast immobiliza-
tion (65 patients) and patients treated with percutaneous
transcervical fixation using one cannulated screw (157 pa-
tients). Both groups of patients were treated preoperatively
with percutaneous traction over a period of two weeks.
According to Southwick, the most slips (43%) were below
30°, 42% of all slips were 31-60°, and 15% of the slips
were over 61°. The treatment results were compared ac-
cording to the Oxford score, postoperative slips and AVN
occurrence. Finally, the study confirmed that unstable and
acute forms of SCFE had a high risk for AVN occurrence
(unstable forms 30%, acute forms 26%). Patients treated
with transcervical fixation using one cannulated screw had
AVN occurrence of 6%. Comparing results of this study
to the results of our study, our patients had a lower preop-
erative slip value (23.85° for patients treated with CR and
cast immobilization and 23.87° for patients treated with
transcervical fixation using one cannulated screw). Also,
in our study, occurrence of the mildest forms of SCFE was
much higher. We found that 76.92% of the patients had a
Southwick angle below 30°, compared to 43% in the study
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by Kitano et al. [19]. Weight ability forms of SCFE was
similar - it was 81.54% in our study, compared to 84.2%
in the study by Kitano et al [19]. AVN occurrence in our
study was 15.38% for patients treated with CR and cast
immobilization, which is similar to the results found by
Kitano et al. [19]. Concerning clinical outcome (expressed
in physical findings as the ROM) before and after treat-
ment, we found significant improvement in the ROM in
both groups of patients. We prefer preoperative treatment
using percutaneous traction as an important factor in clini-
cal outcome. According to our results and the results found
by Kitano et al. [19], treatment of SCFE with percutaneous
traction, CR, and cast immobilization have unfavorable
outcome in slips of over 30° in acute and unstable forms
of slipping. Treatment of SCFE using percutaneous trans-
cervical stabilization using one cannulated screw provides
a good outcome and stability in slips below 35°. In severe
slips, transcervical fixation using cannulated screw isn't
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as stable and becomes more vulnerable to complication
occurrence.

Prophylactic stabilization of the contralateral hip is still

controversial. We use it only to treat SCFE in in children
younger than 10 years with endocrinological diseases.

CONCLUSION

According to our study of 65 patients with SCFE, the
transcervical fixation using one cannulated screw has
multiple advantages in relation to closed reduction and
cast immobilization. The major effect of this method of
treatment is better clinical and radiological outcome.
Also, this method of treatment decreases the complication
occurrence.
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JNleyerbe cknusHyha rnasuue 6yTHe KOCTU — ynopeaHa CTyauja y nepuoay o4
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*YHuBep3auteT y Cnnuty, KuHesnonolwkn dakyntet, Cniut, XpBaTcka

CAXETAK

YBoa/LUum Linsb oBe cTyauje je nopeherbe ABe MeTofe Neyer-a
1 NPOLieHa NpeAHOCTY pe3ynTaTa leyera TpaHCLepBrKaaHOM
driKcaujom rnae GyTHE KOCTY yNOTPEOOM jeIHOT KaHypaHor
3aBpTHba Yy Neyekby cKnm3Hyha rnaBe 6yTHe KOCTU.

Mertope Y cTyaujy je ykibyueHo 65 negujatpujckux 6onecHmKa (35
Jeyaka v 30 geBojunua), y3pacTta og 6 fo 16 rogmHa (npoceyHa
BpenHocT 11,86), Tokom 12-roguwwmer neproga (og 2000. go
2012. rogunHe). Ynopehusany cmMo cTeneH cknusHyha npe 1 nocne
CrpoBeaeHor Neyersa (CayTBMKOB yrao), 061m nokpeTa npe un
rocse CrpOBEAEHOT JleYetba 11 yYecTanocT KoMMmKaLwja usmehy
ABe rpyne 6onecHuika. lMpBa rpyna (26 6onecHrKa) neyeHa je 3a-
TBOPEHOM PEMO3ULIjOM 1 IMOOWI3ALIMjOM TMMNCaHKIM 33aBOjeM
(I rpyna), a apyra rpyna (39 6onecHuKa) 6una je neyeHa nepky-
TaHOM QVMKCcaLMjoM jeaHUM KaHynnpaHum 3aBpThem (Il rpyna).
PesynTtati Ha ocHoBy nopeherba npeonepaTuBHYX 1 MocTonepa-
TVBHMX BpegHocTn CayTBMKOBOT yria, 6onecHuLy gpyre rpyne
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cy nmanu 6oy paguorpadcki pesyntat y ogHocy Ha bonec-
HVKe 13 NpBe rpyne, anu 6e3 CTaTUCTUYKY 3HaYajHe pasnnke
(p = 0,09). MocmaTpajyhi 06Mm nokpeTa KykoBa Npe 1 nocne
VHTEPBEHUYje, 3abenexeHo je 3HauajHo Nobosbliatbe y 06e
rpyne 6onecHrKa, NocebHo Kof 6onecHUKa neYeHnx TpaHcLep-
BMKaNHOM QMKCaLMjoM jeJHUM KaHYNMpaH/M 3aBpTHeM (rpyma
I1). MocmaTpajyhu yuectanoct kKomnnukaLmja, 6onecHuum apyre
rpyne cy nmanu mMakbu 6poj komnnukauuja (p = 0,02) y ogHocy
Ha 6onecHuKe npBe rpyne.

3akrbyuak MeToaa TpaHcLepBuKanHe dUKcalyje rnase byTHe
KOCTW je pana 60/bu KNUHUYKIN pe3ynTaT 1 Maki 6poj Kom-
nnanKauvja y ofHOCY Ha MeToay opTonefcke penosuuuje n
1UMo6UNM3aLje runcaHyM 3aBojeM Yy Jieyekby bonecHuKa ca
cknu3Hyhom rnase 6yTHe KOCTU.

KmyuHe peun: TpaHcLepBuKanHa GuKcalmja; KaHyImpaHm
3aBpTatb; 3aTBOPEHa penosuunja
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