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ABSTRACT

Obijective: To compare the clinical outcomes between patients with
moderate and severe slipped capital femoral epiphysis (SCFE)
treated with osteotomy at the base of neck and osteoplasty and
with healthy individuals. Methods: Comparative cohort with 12
patients (14 hips) with moderate and severe SCFE who underwent
osteotomy at the base of neck and osteoplasty between 2007 and
2014. The mean age at surgery was 13.3 = 2.5 years and the mean
follow-up was 3.8 = 2.2 years. We assessed the level of hip pain
by the visual analog scale (VAS) and anterior impingement test
(AIT); the level of function using the Harris Hip Score (HHS) and
12-Item Short Form Health Survey (SF-12), the range of motion
(ROM) by goniometry and Drehmann sign, and the hip muscular
strength by isokinetic and Trendelenburg sign. Results: The level
of pain was slightly higher in the SCFE cohort compared with
healthy hips (VAS, 0.8 = 1.4 vs 0 = 0, 0.007; AIT, 14% vs 0%,
p = 0.06; respectively). No differences were observed between
the SCFE and control cohort for the functional scores (HHS,
94 + 7vs 100 = 1, p = 0.135); except for ROM, with increased
internal rotation (37.3° = 9.4° vs 28.7° = 8.2° p < 0.001), and
strength, with decreased abduction torque (75.5 + 36.9 Nm/Kg vs
88.5 = 27.6 Nm/Kg, p = 0.045) in the SCFE cohort. Conclusion:
The osteotomy at the base of neck and the osteoplasty restored
the hip motion and muscle strength, except for the abductor
strength, to near normal levels, representing a viable option for the
treatment of moderate and severe SCFE. Level of Evidence llI,
Ambidirectional Cohort Study.

Keywords: Slipped Capital Femoral Epiphyses. Femoroacetabular
Impingement. Osteotomy. Hip Joint. Muscle Strength Dynamometer.
Joint Deformities, Acquired.

RESUMO

Objetivo: Comparar resultados clinicos de pacientes com escorrega-
mento epifisario proximal do fémur (EEPF) moderado e grave tratados
com osteotomia basocervical e cervicoplastia com individuos sauda-
veis. Métodos: Coorte comparativa com 12 voluntarios saudaveis e
12 pacientes (14 quadris) com EEPF moderado e grave submetidos
a osteotomia basocervical e cervicoplastia entre 2007 e 2014.
Amédia de idade na cirurgia foi de 13,3 + 2,5 anos e o sequimento
médio de 3,8 = 2,2 anos. Avaliou-se nivel de dor no quadril utilizando
a escala visual analégica (EVA) e o teste de impacto anterior (TIA);
nivel de funcao usando o Harris Hip Score (HHS) e o 12-Item Short
Form Health Survey (SF-12); amplitude de movimento (ADM) com
goniometria e sinal de Drehmann; e forga muscular do quadril com
dinambmetro isocinético e sinal de Trendelenburg. Resultados:
O nivel de dor foi ligeiramente maior na coorte de EEPF comparado
a quadris saudaveis (EVA, 0,8 + 1,4 vs 0 = 0, 0,007; TIA, 14% vs
0%, p = 0,06, respectivamente). Nao foram observadas diferengas
entre os grupos EEPF e controle para os escores funcionais (HHS,
94 = 7vs 100 = 1, p = 0,135), exceto para ADM, com aumento da
rotacdo interna (37,3° = 9,4° vs 28,7° = 8,2° p < 0,001), e forca,
com diminuigdo do torque de abdugéo (75,5 = 36,9 Nm/Kg vs
88,5 + 27,6 Nm/Kg, p = 0,045), para o grupo EEPF. Concluséo:
A osteotornia basocervical e a cervicoplastia restaurararm o movimen-
to do quadril e a forca muscular, com excegao da forga abdutora,
a niveis préximos do normal, representando uma opgéao viavel para
o tratamento de EEPF moderado e grave. Nivel de Evidéncia I,
Estudo de Coorte Ambidirecional.

Descritores: Escorregamento das Epifises Proximais do Fémur.
Impacto Femoroacetabular. Osteotomia. Articulagéo do Quadril.
Dinamémetro de Forga Muscular. Deformidades Articulares Adquiridas.
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INTRODUCTION

Slipped capital femoral epiphysis (SCFE) is a common hip
disorder that affects adolescents, and whose long-term outcomes

are associated with pain,"? limited motion®?® and weakness.®
In moderate and severe SCFE, residual deformities may pre-
dispose femoroacetabular impingement, cartilage damage and
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osteoarthritis.®'® The deformity correction may involve compen-
sating osteotomies at the trochanteric region,'"'? at the base of
femoral neck,'® with or without osteoplasty,®'#'® and the capital
realignment performed at the growth plate level."”

The capital realignment represented by the modified Dunn proce-
dure is able to restore the proximal femur anatomy; however, the
rate of avascular necrosis (AVN) is controversial, varying from 14%
to 50% in unstable SCFE.'%18-2! A low rate of AVN has been reported
following compensating femur osteotomies for moderate and severe
stable SCFE.813161922 Racently, the association of osteotomy at
the base of the femoral neck and osteoplasty has been shown to
partially restore the function of abduction in SCFE.& However, limited
evidence estimates the level of functional restoration following the
compensating osteotomy at the base of the femoral neck with
osteoplasty.® Our study evaluated clinical outcomes of osteotomy
at the base of femoral neck and osteoplasty for the treatment of
moderate and severe SCFE by assessing the level of hip pain,
clinical scores, range of motion and muscle strength after a minimum
follow-up of two years. Later, we compared the results with those
from healthy individuals.

METHODS

This is a prospective study approved by the Institutional Review
Board (HCRP 942.952 and 2.357.360). All subjects and their
parents signed the informed consent form for this research.
Between 2007 and 2014, 45 patients were diagnosed with
moderate and severe SCFE. Four patients were lost to follow-up,
13 patients underwent the modified Dunn procedure, and 16 were
not included because they had not undergone dynamometry.
We enrolled 12 patients (14 hips) who underwent osteotomy at
the base of the femoral neck associated with neck osteoplasty
with a mean =+ standard deviation (SD) age at surgery of 13.2
years (range, 7.4 to 17.6 years), and a mean = SD follow-up of
3.8 = 2.1 years (range, 2.0 to 9.9 years). The osteotomy at the
base of femoral neck and osteoplasty was performed according
to a previously described surgical technique (Figure 1).8
No patients evolved to AVN. Twelve healthy volunteers without
a clinical history of hip disease were invited to compose the
control cohort (Table 1).

For unilateral SCFE, a restricted non-weight bearing protocol with
crutches was recommended during the first six weeks, followed
by protected partial weight bearing for another four weeks. On the
first postoperative day, patients underwent passive mobilization
and isometric strengthening exercises. Active hip motion started
at three to four weeks after surgery. Following the osteotomy
healing, patients were encouraged to walk and perform the muscle
strengthening exercises.®

We assessed the demographic data composed of age, sex, and
SCFE characteristics, including acuity, severity and stability, length
of postoperative follow-up, and body mass index (BMI) (Table 1).
One pediatric orthopedic surgeon (with 12 years of experience)
assessed the pre- and postoperative Southwick angles."

Figure 1. Anteroposterior and lateral radiographic images of a patient
before (A and B) and two years after (C and D) osteotomy at the base
of neck and osteoplasty.
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Table 1. Demographic and radiographic data from a cohort of patients
with slipped capital femoral epiphysis and from a healthy cohort. Values
refer to mean =+ standard deviation (range), median and interquartile
range (P25th-P75th) or frequency and percentages of hips.

Osteotomy at the base of .
femoral neck and osteoplasty Cont.rol Adjusted
(14 hips) (24 hips) | p value
13+3
Age at surgery (years) (7-18)
. 17x2 17+2
Age at evaluation (years) (13-21) (13-20) p=1.00
- 10:4 12:12 B
Sex (boys:girls) (71%:29%) (50%:50%) p=0.21
. 28+6 22+5
2!
Body mass index, (kg/m?) (20-38) (16-34)
Percentile by age of
body mass index p <0.001
Normal weight (< 85th) 6 (43%) 22 (92%)
Overweight (85th to 95th) 3(21%) 0
Obese (> 95th) 5 (36%) 2 (8%)
3.8+21
Follow-up (years) (2.0-99)
Acuity
Acute 0
(< 3 weeks)
Chronic o
(> 3 weeks) 10(71%)
Acute on chronic
(> 3 weeks with acute 4 (29%)
pain exacerbation)
Severity
Mild 0
(Southwick angle < 30°)
Moderate
(Southwick angle 6 (43%)
> 30°and < 609
Severe o
(Southwick angle > 60°) 8(57%)
Stability
Stable o
(able to walk) 10(71%)
Unstable
(not able to walk, 4 (29%)
even with crutches)
Preoperative 63 +19
Southwick angle (%) (34-100)
Postoperative 18+ 12
Southwick angle () (2-41)

The mean = SD age of the SCFE cohort at the final evaluation
was 17.0 years + 2.2 (range, 12.8t0 20.7 years). Clinical outcomes
were estimated using the visual analog scale of pain, anterior
impingement test, Harris Hip Score (HHS)?® and 12-Item Short
Form Health Survey (SF-12).24 The hip motion was evaluated using
goniometry?® and the Drehmann sign. The patient was positioned
supine to measure the range of flexion, adduction and abduction;
in lateral decubitus for extension, and in the sitting position with 90°
of hip flexion for rotations. The hip muscle strength was determined
using the isokinetic dynamometry of hip®28 and Trendelenburg test.
One of two trained observers (physical therapists with nine and
four years of experience) performed the clinical evaluation at final
follow-up. The concentric isokinetic hip strength was assessed
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using the dynamometer Biodex Multi-joint System 4 Pro (Biodex
Medical Systems, Shirley, NY, USA). Flexion and extension strength
was measured in supine position;?® and adduction and abduction
strength, in lateral decubitus.® The maximum strength was assessed
in five consecutive repetitions with an angular speed of 60%/s.8

Statistical analysis

For statistical analysis, a linear regression model with mixed effects
was performed. Mean values of peak torque were normalized by
body mass, since our cohorts had different mean BMI, and body
mass has been shown to influence to muscle strength.?” Variations
of baseline demographic parameters were controlled within the
statistical model using adjustments for the presence or absence
of SCFE bilaterality and sex. Post hoc analysis included the Tuckey
correction to adjust for multiple testing. SAS Statistical Software
(version 9.3; SAS Institute, Inc. Cary. North Carolina) and R Core
Team (2016, Foundation for Statistical Computing, Vienna, Austria)
were used, and p-values < 0.05 were considered significant.

RESULTS

At final follow-up, the level of pain following osteotomy at the
base of neck and osteoplasty was slightly higher compared with
normal hips (0.8 = 1.4vs 0 = 0, p = 0.007). Ten of 14 hips (71%)
were free of pain (VAS = 0) following the base of neck osteotomy.
With the numbers available, the base of neck osteotomy showed
no difference in prevalence of positive anterior impingement
test (14% vs 0%, p = 0.06) and HHS (93.5 = 7.3 vs 99.8 + 0.6,
p = 0.135) compared with healthy hips. Twelve (86%) of 14 hips
submitted to osteotomy at the base of neck and osteoplasty had
good or excellent HHS outcomes (> 80). Base of neck osteotomy
and healthy individual cohorts showed similar SF-12 physical
(58 = 4 vs. 57 £ 2, p = 0.325) and mental scores (57 = 4 vs.
54 = 6, p = 0.533) (Table 2).

The range of motion was similar between the base of neck oste-
otomy and normal hips, except for increased internal rotation in
the SCFE cohort (37°+9° in osteotomy at base of neck vs. 29°+8°
in normal hips, p < 0.001). The Drehmann sign was absent in all
hips treated with base of neck osteotomy and in normal hips from
control cohort (Table 2).

Following the compensating osteotomy at the base of neck and
osteoplasty, the muscular strength was similar to normal hips for
flexion, extension and adduction. However, we observed a reduction
in the abduction torque in the SCFE cohort compared with normal
hips (76 = 37 Nm.kg in base of neck osteotomy vs. 89 = 28 Nm.kg
in normal hips; p = 0.045). A low proportion of Trendelenburg sign
was observed in the SCFE cohort (7% in base of neck osteotomy
vs 0% in controls, p = 0.194) (Table 2).

DISCUSSION

The treatment of moderate and severe slip deformities is controversial,
and the literature evaluating clinical outcomes of compensating
osteotomy at the base of the femoral neck and osteoplasty is scarce .
In our study, we evaluated the clinical outcomes of the osteotomy at
the base of the femoral neck in association with neck osteoplasty for
the treatment of moderate and severe SCFE at a minimum follow-up
of two years. The level of pain, clinical scores, range of motion and
muscle strength were compared with the outcomes obtained from
normal hips. We found that the osteotomy at the base of femoral
neck and osteoplasty was associated with most of the clinical pa-
rameters of this study comparable to the level of healthy individuals,
except for abduction strength.

Patients with moderate and severe SCFE may experience significant
pain preceding the progression of osteoarthritis, as a consequence
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Table 2. Functional and clinical evaluation of individuals who underwent base
of neck osteotomy and osteoplasty and control individuals. Values refer to
mean = standard deviation (range) or frequency and percentages of hips.

Osteotomy at the base of Control 95%Cl:
femoral neck and osteoplasty (24 hips) vl
(14 hips) P p
Pain and
clinical scores
-1.410-0.2;
VAS 0814 0.0+0.0 001
Anterior . 0.01003;
impingement test 2 (14%) 0 0.06
HHS 935+73 99.8+0.6 -13.0t0 1.8;
0.14
SF-12PCS 53143 ses00 | 21025
0.33
SF-12MCS 57037 544156 | 41090
0.53
Range of motion (°)
i -751t0 1.7,
flexion 106.1£7.2 11.1£42 0

i -2.0t05.1;
extension 15.1+£7.1 142+2.3 038
adduction 264271 034107 | 060082

0.03
abduction 32046 33s5p | 4204TL
0.94
internal rotation 37.3+94 8782 | 230178
<0.001
external rotation 36.7+93 355+55 _4-2 5’36-82
Drehmann sign 0 0 —0.21t<(; 0.2;
Mean of torque peak
(Nm/kg)

i -36.2t0 —0.4;
abduction 75.5+36.9 88.5+27.6 0.045
adduction 1252 + 535 1306+ 29.6 ‘13'2 ‘3"835-2?

flexion 1305+ 558 1404418 _44':1‘2 65;
extension 162.1 + 69.8 179.6+ 55.9 -15.610 61.9;
0.24
Trendelenburg test 1(7%) 0 —0-8 11090-2;

of intra-articular disease such as proximal femur deformity,
femoroacetabular impingement and labral damage.'® Treatment
for femoroacetabular impingement with osteoplasty, associated or
not with surgical hip dislocation and femoral osteotomy has been
suggested to decrease pain in SCFE .21 In our study, 71% of hips
were free of pain at short to midterm. Furthermore, no pain was
trigged by the anterior impingement test in 86% of hips following the
base of femoral neck osteotomy and osteoplasty. We believe that the
compensating realignment provided by the osteotomy, enhanced
by the benefits of the osteoplasty in mitigating femoroacetabular
impingement conflicts, reduces the intra-articular disease and
the level of pain. Theoretically, the anatomical realignment by the
modified Dunn procedure would minimize the presence of residual
femoroacetabular impingement signs. However, Ziebarth et al.?®
reported negative anterior impingement test in 61% of hips with mild
to severe slip following modified Dunn procedure and minimum of
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10 years of follow-up. This finding could be explained by a potential
femoral neck thickening following the anatomical realignment.2®
In our study, the association of osteoplasty was possibly the main
factor for the low prevalence of impingement sign.

We observed no differences in the HHS and SF-12 outcomes
between osteotomy at the base of femoral neck and osteoplasty
and control individuals. Good and excellent outcomes (HHS > 80)
were observed in 86% of hips following base of neck osteotomy.
Previously, Kramer, Craig, and Noel' reported poor results with
definitive limping, limited range of motion and painful gait in 16%
(9/55) of patients after the compensating osteotomy. Extracap-
sular base of neck osteotomy has been associated with 86% of
satisfactory results, according to a modified Southwick criteria.??
It has been suggested that osteoplasty in association with com-
pensating Imhauser osteotomy improves clinical outcomes,'®2°
showing greater Non-Arthritic Hip Scores in comparison with hips
without osteoplasty.'

Range of motion was mostly restored to near normal levels fol-
lowing the osteotomy at the base of the neck with osteoplasty,
except for increased internal rotation. Possibly, the anterosuperior
bone wedge subtraction and improvement in articular clearance
by osteoplasty may explain the increase in internal rotation.3°
Although the osteoplasty provides increased range of motion,
this procedure may lead to increased risk of neck fracture,®' which,
in association with the risk of slip progression, lead us to insert
a cannulated screw from the lateral cortex into the epiphysis.
The screw was important to provide immediate in situ fixation of
the epiphysis with further epiphysiodesis, and potentially protect
the neck from fractures at the short-term postoperative period.
The increasing deformity assessed by the slip angle is correlated
with decreasing muscle strength of hips with SCFE undergoing
in situ epiphysiodesis.® Theoretically, the deformity correction of
moderate and severe SCFE would be able to improve the hip
biomechanics. Following the compensating correction with the
base of neck osteotomy and osteoplasty, we did not observe
weakness in flexion, extension and adduction. However, the ab-
duction strength has not been completely restored. Angelico et al.
suggested that the abduction strength was restored to the level
of mild slips, but not to normal levels.® Femoral neck shortening

following the osteotomy could reduce the abductor arm,”'® and
the direct lateral approach may disturb the abductor muscles.®
On the contrary, the improvement in the anatomical positioning of
the greater trochanter in the transverse plane following the base
of neck osteotomy may have positive biomechanical effects.”
The Trendelenburg test was negative in 93% of our patients, which is
in agreement with previous studies reporting negative Trendelenburg
test in 80% and 87% of patients after base of neck osteotomy.®22
Further investigation is suggested to determine whether the torque
is correlated with characteristics of the radiographic anatomy,
such as the neck length or trochanteric height.

Our study has several limitations. First, we acknowledge that there
are demographic differences related to sex and obesity rate in our
cohorts. Second, although less than 15% of patients were lost to
follow-up, we could not enroll more patients for dynamometry.
As a consequence, the sample size of each cohort is small. Third,
there is no comparison with SCFE treated with other surgical tech-
niques, since our patients treated with the modified Dunn procedure
presented unstable severe slips, making the comparison unbal-
anced due to a greater prevalence of avascular necrosis. Fourth,
the minimum follow-up of two years is not enough to evaluate hip
survival, osteoarthritis, and osteonecrosis. The osteonecrosis rate
for stable SCFE has been reported to be as low as 0%,%% and
the overall incidence of chondrolysis is estimated at 7%.% In our
series, we did not observe osteonecrosis nor chondrolysis in hips
undergoing osteotomy at the base of neck and osteoplasty. Finally,
there is a potential for measurement bias on the hip motion, which
is relatively challenging for obese patients.

CONCLUSION

In conclusion, our results showed that the treatment of moderate
and severe SCFE with the osteotomy at the base of femoral neck
in association with neck osteoplasty restored the hip motion and
muscle strength to normal levels, except for abductor strength.
Functional scores showed that the osteotomy at the base of femoral
neck and osteoplasty may provide good or excellent outcomes in
more than 80% of moderate and severe SCFE in the short-term
and a potentially low risk of avascular necrosis.

AUTHORS’ CONTRIBUTIONS: Each author contributed individually and significantly to the development of this article. LMG, ACCA: study design,
performed measurements, manuscript preparation; FSS: performed measurements and manuscript preparation; JBV: study design and manuscript
preparation; DACM: study design, statistical analysis, manuscript preparation.

REFERENCES

1. Dodds MK, McCormack D, Mulhall KJ. Femoroacetabular impingement after
slipped capital femoral epiphysis: does slip severity predict clinical symptoms?
J Pediatr Orthop. 2009;29(6):535-9.

2. Larson AN, SierraRJ, Yu EM, Trousdale RT, Stans AA. Outcomes of slipped
capital femoral epiphysis treated with in situ pinning. J Pediatr Orthop.
2012;32(2):125-30.

3. Mamisch TC, Kim YJ, Richolt JA, Millis MB, Kordelle J. Femoral morphology
due to impingement influences the range of motion in slipped capital femoral
epiphysis. Clin Orthop Relat Res. 2009;467(3):692-8.

4. Mamisch TC, Kim YJ, Richolt J, Zilkens C, Kikinis R, Millis M, Kordelle J. Range
of motion after computed tomography-based simulation of intertrochanteric
corrective osteotomy in cases of slipped capital femoral epiphysis: comparison
of uniplanar flexion osteotomy and multiplanar flexion, valgisation, and rotational
osteotomies. J Pediatr Orthop. 2009;29(4):336-40.

5. Caskey PM, McMulkin ML, Gordon AB, Posner MA, Baird GO, Tompkins BJ.
Gait outcomes of patients with severe slipped capital femoral epiphysis after
treatment by flexion-rotation osteotomy. J Pediatr Orthop. 2014;34(7):668-73.

6. Song KM, Halliday S, Reilly C, Keezel W. Gait abnormalities following slipped
capital femoral epiphysis. J Pediatr Orthop. 2004;24(2):148-55.

7. Goodwin RC, Mahar A, Wedemeyer M, Wenger D. Abductor length alterations
in hips with SCFE deformity. Clin Orthop Relat Res. 2007;454:163-8.

Page 4 of 5

8. Angélico ACC, Garcia LM, Icuma TR, Herrero CF, Maranho DA. The results
of osteotomy at the base of femoral neck with osteoplasty in restoration of
abductor function and strength in slipped capital femoral epiphysis. Bone Joint
J. 2018;100-B(11):1524-32.

9. Leunig M, Casillas MM, Hamlet M, Hersche O, Nétzli H, Slongo T, Ganz R. Slipped
capital femoral epiphysis: early mechanical damage to the acetabular cartilage
by a prominent femoral metaphysis. Acta Orthop Scand. 2000;71(4):370-5.

10. Novais EN, Hill MK, Carry PM, Heare TC, Sink EL. Modified Dunn procedure is

superior to in situ pinning for short-term clinical and radiographic improvement
in severe stable SCFE. Clin Orthop Relat Res. 2015;473(6):2108-17.

. Southwick WO. Osteotomy through the lesser trochanter for slipped capital

femoral epiphysis. J Bone Joint Surg Am. 1967;49(5):807-35.

12. Imhauser G. [Late results of Imhauser’s osteotomy for slipped capital femoral
epiphysis (author’s transl)]. Z Orthop lhre Grenzgeb. 1977;115(5):716-25.

13. Kramer WG, Craig WA, Noel S. Compensating osteotomy at the base of the
femoral neck for slipped capital femoral epiphysis. J Bone Joint Surg Am.
1976;58(6):796-800.

14. Spencer S, Millis MB, Kim YJ. Early results of treatment of hip impingement
syndrome in slipped capital femoral epiphysis and pistol grip deformity of
the femoral head-neck junction using the surgical dislocation technique.
J Pediatr Orthop. 2006;26(3):281-5.

—_
—_

Acta Ortop Bras.2022;30(5):€257002



15.

20.

2

—=

22.

23.

24.

25.

Bali NS, Harrison JO, Bache CE. A modified Imh&duser osteotomy: an as-
sessment of the addition of an open femoral neck osteoplasty. Bone Joint J.
2014;96-B(8):1119-23.

. Erickson JB, Samora WP, Klingele KE. Treatment of chronic, stable slipped capital

femoral epiphysis via surgical hip dislocation with combined osteochondroplasty
and Imhauser osteotomy. J Child Orthop. 2017;11(4):284-8.

. Leunig M, Slongo T, Kleinschmidt M, Ganz R. Subcapital correction osteotomy

in slipped capital femoral epiphysis by means of surgical hip dislocation.
Oper Orthop Traumatol. 2007;19(4):389-410.

. Ziebarth K, Zilkens C, Spencer S, Leunig M, Ganz R, Kim YJ. Capital realignment

for moderate and severe SCFE using a modified Dunn procedure. Clin Orthop
Relat Res. 2009;467(3):704-16.

. Sikora-Klak J, Bomar JD, Paik CN, Wenger DR, Upasani V. Comparison of

surgical outcomes between a triplane proximal femoral osteotomy and the
modified Dunn procedure for stable, moderate to severe slipped capital femoral
epiphysis. J Pediatr Orthop. 2019;39(7):339-46.
Davis RL 2nd, Samora WP 3rd, Persinger F, Klingele KE. Treatment of unsta-
ble versus stable slipped capital femoral epiphysis using the modified Dunn
procedure. J Pediatr Orthop. 2019;39(8):411-5.

. Kennedy JG, Hresko MT, Kasser JR, Shrock KB, Zurakowski D, Waters PM,

Millis MB. Osteonecrosis of the femoral head associated with slipped capital
femoral epiphysis. J Pediatr Orthop. 2001;21(2):189-93.

El-Mowafi H, EI-AdI G, El-Lakkany MR. Extracapsular base of neck osteotomy
versus Southwick osteotomy in treatment of moderate to severe chronic slipped
capital femoral epiphysis. J Pediatr Orthop. 2005;25(2):171-7.

Harris WH. Traumatic arthritis of the hip after dislocation and acetabular fractures:
treatment by mold arthroplasty. An end-result study using a new method of
result evaluation. J Bone Joint Surg Am. 1969;51(4):737-55.

Ware J Jr, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of
scales and preliminary tests of reliability and validity. Med Care. 1996;34(3):220-33.
Norkin CC, White DJ. Measurement of joint motion: a guide to goniometry.
4th ed. Philadelphia: F.A. Davis; 2009.

Acta Ortop Bras.2022;30(5):€257002

26.

27.

28.

29.

30.

3

=

32.

33.

34.

35.

36.

Casartelli NC, Maffiuletti NA, ltem-Glatthorn JF, Staehli S, Bizzini M, Impellizzeri FM,
Leunig M. Hip muscle weakness in patients with symptomatic femoroacetabular
impingement. Osteoarthritis Cartilage. 2011;19(7):816-21.

De Ste Croix M, Deighan M, Armstrong N. Assessment and interpretation
of isokinetic muscle strength during growth and maturation. Sports Med.
2003;33(10):727-43.

Ziebarth K, Milosevic M, Lerch TD, Steppacher SD, Slongo T, Siebenrock
KA. High survivorship and little osteoarthritis at 10-year followup in SCFE
patients treated with a modified Dunn procedure. Clin Orthop Relat Res.
2017;475(4):1212-28.

Abdelaziz TH, Elbeshry SS, Goda AH, Fayyad TA, Aly AS, Mahmoud SA.
Intertrochanteric Imhauser osteotomy combined with osteochondropasty in
treatment of moderate-severe stable slipped capital femoral epiphysis: a case
series study. J Pediatr Orthop B. 2020;29(3):283-91.

Chen A, Youderian A, Watkins S, Gourineni P. Arthroscopic femoral neck osteo-
plasty in slipped capital femoral epiphysis. Arthroscopy. 2014;30(10):1229-34.

. Dale KM, Burns GT, Li Y. Biomechanical evaluation of the depth of resection

during femoral neck osteoplasty for anterior impingement following slipped
capital femoral epiphysis. J Pediatr Orthop. 2019;39(6):275-81.

Tokmakova KP, Stanton RP, Mason DE. Factors influencing the development of
osteonecrosis in patients treated for slipped capital femoral epiphysis. J Bone
Joint Surg Am. 2003;85(5):798-801.

Loder RT, Richards BS, Shapiro PS, Reznick LR, Aronson DD. Acute slipped
capital femoral epiphysis: the importance of physeal stability. J Bone Joint Surg
Am. 1993;75(8):1134-40.

Fallath S, Letts M. Slipped capital femoral epiphysis: an analysis of treatment
outcome according to physeal stability. Can J Surg. 2004;47(4):284-9.
Peterson MD, Weiner DS, Green NE, Terry CL. Acute slipped capital femoral
epiphysis: the value and safety of urgent manipulative reduction. J Pediatr
Orthop. 1997;17(5):648-54.

Lubicky JP. Chondrolysis and avascular necrosis: complications of slipped
capital femoral epiphysis. J Pediatr Orthop B. 1996;5(3):162-7.

Page 5 of 5



	_Hlk108593117

