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Abstract

Slipped capital femoral epiphysis (SFCE)
may lead to femoro acetabular impingement
and long-term function impairment, depend-
ing on initial displacement and treatment.
There are several therapeutic options which
include in situ fixation (ISF). The objective of
this study was to evaluate long-term function-
al and radiographic outcomes of patients with
SFCE treated with ISF. We conducted a single-
center, retrospective study evaluating the clin-
ical and radiographic outcomes of SCFE in situ
fixation with a mean follow-up of 26 years (10-
47). Analysis of preoperative and last follow up
radiographs was performed. The functional
status of the hip was evaluated according to
the Oxford hip score-12 and the radiographic
osteoarthritis stage was rated according to
Tonnis classification. Signs of femoro acetabu-
lar impingement were sought. Ten patients (11
hips) were included. The average initial slip
was 33.5° (10-62). At final follow up, the aver-
age Oxford hip score was 19.3 (12-37), it was
good for groups who had a small initial slip
(16.7) or moderate (17) and fair for the severe
group (27). Average Tonnis grade was 1.3 (0-
3). The average alpha angle was 65.3° (50-
80°). Femoro acetabular impingement was
likely in 100% of patients with severe slip, in
50% of patients with moderate slip and in 33%
of patients with a slight slip. /n situ fixation
generated poor functional results, substantial
hip osteoarthritis and potential femoro acetab-
ular impingement in moderate to severe
SCFE’s. However, in cases with minor displace-
ment, functional and radiographic results are
satisfactory. The cut off seems to be around
30° slip angle, above which other treatment
options should be considered.
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Introduction

The treatment of slipped capital femoral epi-
physis (SCFE) is a controversial subject.' In
situ fixation (ISF), a widely used technique,
limits the initial risk of necrosis and chondrol-
ysis, but leaves a persistent deformity at the
level of the head neck junction which can be
responsible for the intermediate and long term
evolution of hip impingement and subsequent
osteoarthritis.5” On the other side, realizing a
sub-capital osteotomy (Dunn or modified
Dunn osteotomy),® re-establish a better anato-
my and limits the risk of hip impingement and
the evolution into osteoarthritis on one hand,
but increases the risk of the necrosis of the
head on the other.’ Estimating the risk of the
evolution into hip impingement and subse-
quent osteoarthritis depending on the impor-
tance of the initial displacement seems to be a
defining element in the initial therapeutic
strategy.!*12

The objective of our study is to evaluate the
long term functional and radiological outcome
in patients presenting with slipped capital epi-
physis treated by ISF, by looking for hip
impingement.

Materials and Methods

We realized a monocentric, retrospective,
continuous study evaluating the clinical and
radiological evolution of patients presenting
with slipped capital femoral epiphysis treated
by ISF with a minimum follow up of 10 years. A
search by the key word (slipped capital femoral
epiphysis) was made in our establishment
allowing the selection of 35 patients operated
between 1950 and 2002. Among these patients,
16 were impossible to contact for further follow
up, and 9 were excluded because they under-
went a secondary osteotomy. Finally we were
left with 10 patients (11 hips), 8 men and 2
women. The average age at the time of the
intervention was 13.9 years (12-17). Patients
were divided into acute and chronic cases of
slipped capital epiphysis by reviewing their
respective medical files (acute if the duration
of symptoms was less than 3 weeks, and chron-
ic if more).” The element of stability could not
be investigated." The severity of displacement
was measured radiologically using the
Southwick angle,”” and subdivided into 3
stages: stage 1 if the angle was inferior to 30°,
stage 2 if the angle was between 30° and 60°
and stage 3 if the angle was beyond 60°.

All patients were contacted by phone and
were given a questioner allowing the evalua-
tion of the status of the hip using the Oxford
Hip score-12 (OHS-12).1 The results were con-
sidered excellent if the OHS-12 was below 19,
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good if the results were between 19 and 26,
average if between 27 and 33 and bad if beyond
33. If the patient underwent a total hip arthro-
plasty then the results were bad. A prescription
was given to all patients in order to undergo a
radiological evaluation including a standing
AP pelvic X-ray, an axial lateral view of Dunn
and a false profile view of Lequesne. The pre-
operative radiological evaluation was realized
by the same examiner (J.M), including the
measurement of the fundamental angles (VCA,
VCE, HTE and CC’D) and the alpha angle
searching for signs of hip impingement.!*!
The diagnosis of impingement was evoked by
the presence of pain upon hip flexion, and the
presence of a radiological bump or an alpha
angle exceeding 55°.% The staging of
osteoarthritis was done using the Tonnis clas-
sification.!” The operative complications were
also classified (chondrolysis and avascular
necrosis).

Results

The average follow up between the time of
the surgical intervention and the latest follow-
up was 26 years (10-47), only one patient pre-
sented with a bilateral slipped capital epiph-
ysis. There were 8 chronic and 3 acute cases of
slipped capital epiphysis. The average delay
before the intervention was 4.6 days (1-9). The
average amount of displacement was 33.5°
(10-62), 6 hips presented with a displacement
of stage 1, 2 of stage 2 and 3 of stage 3. Only
one avascular necrosis was found and there
were no cases of chondrolysis. Seven patients
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had a preventive concomitant contralateral fix-
ation. At the time of the last follow-up 2
patients had already underwent a total hip
arthroplasty, one for an avascular necrosis of
the femoral head 8 months following the initial
intervention and the second 41 years after the
occurrence of the slipped capital epiphysis for
secondary osteoarthritis. For the 9 remaining
hips, the average oxford score was 19.4 (12-
37), the average Tonnis stage was 1.2 (0-3),
the average VCE angle was 37,7° (28-58°), the
average HTE angle was 8,9° (3-17°), the aver-
age VCA was 42.9° (31-55°) and the average
CCD was 126.2° (117-138°). The average
alpha angle was 64.3° (50-80°) and an anteri-
or bump was found in 6 different radiographs.
Patients presenting with a stage 1 displace-
ment had an excellent average Oxford score at
the time of the last follow-up found at 16.6 (12-
21), an average Tonnis score of 1 (0-2) and an
average alpha angle of 59.8° (50-78°).
Patients presenting with a stage 2 displace-
ment had an excellent average Oxford score
found at 17 (14-20), an average Tonnis score of
1 and an average alpha angle of 62.5° (57-68°).
Finally, the patients presenting with a stage 3
displacement had an average Oxford score
found at 28 (17-39), an average Tonnis score of
2 (1-3) and an average alpha angle of 77.5°
(75-80°) (Table 1). All patients with a stage 2
or 3 Southwick presented a radiographic bump
against 1 out of 5 for those with stage 1. Hip
impingement was found in 100% of the
patients with a stage 3 displacement against

50 % in those with a stage 2 displacement and  Figure 1. Evolution at a 37 years follow-up of a chronic slipped capital epiphysis stage 1 treat-
33% in those with stage 1 if we include the ed by 2 pins. Evolution towards radiological osteoarthritis (stage 2 of Tonnis) and a diminu-
tion of the anterior offset with a presence of a bump indicating a probable impingement.

patient who underwent a total hip arthroplasty.

Table 1. Patients’ characteristics.
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Discussion

The objective of the study was to assess the
long term radiological and clinical evolution of
patients with SCFE treated by ISF (Figure 1).
Our study demonstrates that the functional
prognosis depends on the degree of the initial
displacement. The same can be said about the
evolution into radiological osteoarthritis know-
ing that the limit of that displacement being
between 30° and 60°, the fad that is confirmed
by the literature.>2

There are also limitations to our study. First is
the small number of patients, a fact that can be
explained by the difficulty of contacting the
patients retrospectively after more than ten
years of the initial intervention. Second, even if
validated, the estimation of the functional
becoming using the Oxford hip score-12 is influ-
enced by the subjectivity of the patients and does
not include a physical examination. In addition
to that, the diagnosis of hip impingement, which
is primarily clinical?' is based on a question-
naire filled on the phone leading to a bias in the
interpretation procedure. Finally, concerning the
reported results, our study does not have a con-
trol group allowing for a functional and an activ-
ity level comparison with a pool of patients of the
same age subject to different types of hip sur-
gery or any intervention with the main goal of
restoring the anatomy of the proximal femur
(ostetomy). Nevertheless, the value of this study
resides in its long term follow-up giving an
added value to the stated conclusions. The ISF by
a screw is actually the reference procedure in
the cases where there is a mild displacement??
This technique insures good results according to
the literature,**% but puts a question mark on
the functional and radiological long term becom-
ing of the hips fixed in a non-anatomical posi-
tion and with a persistent deformity at the level
of the head neck junction?” Many studies report
bad outcomes manifested by a decrease in the
range of motion (mainly when it comes to inter-
nal rotation),*% hip pain secondary to impinge-
ment,'%*% and a premature evolution into
osteoarthritis.?*3*36 The different studies evalu-
ating the ISF with a long term follow-up demon-
strate an important rate of osteoarthritis despite
an early and optimal surgical intervention,
Monin et al.? report 60 % of osteoarthritis with
an average follow-up of 19 years with a 100%
rate of osteoarthritis when the initial displace-
ment exceeds 40°. Larson et al.*" report with an
average follow up of 16 years a 5% rate of hip
arthroplasty knowing that 1/3 of the patients
present with pain interfering with their daily
activities. Wensaas et al. report an osteoarthrit-
ic evolution in 28% of the cases with an average
follow-up of 33 years.* Finally, Hansson et al*
found osteoarthritis in 31% of the patients with
an average follow up to 30 years. In our series,
there is 22% of patients with radiological
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osteoarthritis (stage 2 or 3 of Tonnis) at the
time of the last follow-up. The evolution towards
hip impingement can be explained by the
diminution of the anterior offset at the level of
the head neck junction creating a cam effect
induced by an early contact of the anterior part
of the neck with the anterior border of the
acetabulum during hip flexion, a mechanism
that is at the origin of the pain.

The different studies insist on the clinical
character of the diagnosis of impingement, which
undermines the radiological diagnosis, keeping
in mind the great inter-individual morphological
variability of the proximal femur specially the pos-
sibility of asymptomatic radiological bump (24%
for Hack et al.y'8 Wensaas et al.” depict the radi-
ological signs of impingement more frequently
and up to a statistically significant level with the
patients operated by ISF versus the control group
with an average follow-up of 37 years. This study
also finds a correlation between the severity of
the persistent deformity and the bad clinical and
radiological evolution. Similarly, Delullo et a/?
found a correlation between the persistence of
the deformity of the head-neck junction and the
diminution of the functional scores with an aver-
age follow up of 7.6 years; they also noted an aug-
mentation in hip pain. Our study is not in contra-
diction with the literature in that regard, since we
also found a correlation between the severity of
the initial displacement on one hand and the bad
functional scores (OHS-12) and the evolution
into hip impingement on the other (100% in
patients with a displacement exceeding 60°). We
also found that the bigger the displacement is, the
higher the alpha angle value, knowing that it
remained stable with time. We depicted only one
diminution in the alpha angle (from the time of
the intervention to the time of the last follow-up)
which can lead us to think that we cannot count
on bone remodeling after ISF for a better out-
come. The evolution towards hip impingement
concerns 20% of our patients presenting with a
minor slipped capital epiphysis. This goes hand in
hand with the recent studies describing subclini-
cal cases of slipped capital epiphysis that
remained undiagnosed during childhood only to
be accounted for as one of the reasons of hip cam
impingement later on in the patient’s life
Nevertheless, the clinical tolerance of hip
impingement for minor displacement is good.
Finally we find an interesting long term evolution
at the level of the hip joint. The angles VCA and
VCE are mildly superior than the normal value
due to the displacement of the center of the
femoral head inferiorly and posteriorly, the cervi-
co-diaphysial CC'D angle is at the lower limit
(varus) due to the inferior displacement of the
femoral head and the residual growth of the
greater trochanter. The average alpha angle,
which reflects the presence of hip impingement,
is above the normal value. No other article to our
knowledge has reported such coxometric results
with such a long term follow up. If it is certain that
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the abstention or the continuous traction are no
longer viable solutions*** the modified Dunn
osteotomy seems to be an alternative to the
ISE341# This surgery is performed by an anterior
approach, respecting the posterior circumflex
artery and diminishing the risk of necrosis of the
femoral head in comparison to a posterior
approach. The reduction and the fixation in a
good position of the proximal epiphysis allows
protecting the hip from impingement and
osteoarthritis** Anyway, two other options can be
discussed: performing an ISF associated with an
offset procedure (bumpectomy) by a minimally
invasive anterior approach or arthroscopy thus
preventing the evolution towards hip impinge-
ment,* or performing an ISF with a secondary
per-trochanteric osteotomy.® This final option,
with all the anatomical modifications that it
brings to the table, can make a potentially neces-
sary future arthroplasty complicated. From this
work comes the following indications: in the case
of a stage 1 displacement (<30°) the in situ fixa-
tion seems to be the best solution with moderate
medium and long term risks, in the case of a
stage 2 (30-60°) or stage 3 (>60°) the results of
the in situ fixation are less promising and the
Dunn osteotomy by an anterior approach can be
discussed. In addition to those two scenarios and
in the case of a stage 2 displacement, an in situ
fixation can be complemented by an offset proce-
dure. ISF is then the treatment of choice in the
case of a small displacement, the patient must be
informed about the risk of the evolution towards
hip impingement, which also necessitates a close
follow up and surveillance by the orthopedic sur-
geon who will follow the child in his adult life.

Conclusions

ISF in a non-anatomic position in the patients
presenting with slipped capital epiphysis may
have long term consequences. In correlation
with the initial displacement, it can be at the ori-
gin of hip impingement or of osteoarthritis if the
initial displacement was stage 2 or 3. On the
other hand, in the case of minor displacement,
the consequences are less pronounced with the
results of the functional scores found to be satis-
factory. The limit is situated somewhere around
30°, an amount of displacement beyond which
other therapeutic options can be considered.

References

1. Ziebarth K, Leunig M, Slongo T, et al. Slipped
capital femoral epiphysis: relevant patho-
physiological findings with open surgery.
Clin Orthop Relat Res 2013;471:2156-62.

2. Novais EN, Millis MB. Slipped capital femoral
epiphysis: prevalence, pathogenesis, and nat-

[page 74]



10.

11

12.

13.

14.

15.

16.

ural history. Clin Orthop Relat Res
2012;470:3432-8.

. Monin JO, Gouin F, Guillard S, Rogez JM.

[Late results of the treatment of the slipped
upper femoral epiphysis (26 cases with fol-
low-up study over 10 years)]. Rev Chir
Orthop Reparatrice Appar Mot 1995;81:35-43.
[Article in French].

. Loder RT, Aronsson DD, Weinstein SL, et al.

Slipped capital femoral epiphysis. Instr
Course Lect 2008;57:473-98.

. Exner GU, Schai PA, Notzli HP. [ Treatment of

acute slips and clinical results in slipped cap-
ital femoral epiphysis]. Orthopade
2002;31:857-65. [Article in German].

. Aronson DD, Carlson WE. Slipped capital

femoral epiphysis. A prospective study of fix-
ation with a single screw. J Bone Joint Surg
Am 1992;74:810-9.

. Goodman WW, Johnson JT, Robertson WW Jr.

Single screw fixation for acute and acute-on-
chronic slipped capital femoral epiphysis.
Clin Orthop Relat Res 1996;86-90.

. Slongo T, Kakaty D, Krause F, Ziebarth K.

Treatment of slipped capital femoral epiph-
ysis with a modified Dunn procedure. J Bone
Joint Surg Am 2010;92:2898-908.

. Leunig M, Slongo T, Ganz R. Subcapital

realignment in slipped capital femoral epiph-
ysis: surgical hip dislocation and trimming of
the stable trochanter to protect the perfusion
of the epiphysis. Instr Course Lect
2008;57:499-507.

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

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 junc-
tion using the surgical dislocation technique.
J Pediatr Orthop 2006;26:281-5.

Azegami S, Kosuge D, Ramachandran M.
Surgical treatment of femoroacetabular
impingement in patients with slipped capital
femoral epiphysis: a review of current surgi-
cal techniques. Bone Joint J 2013;95:445-51.

Fahey JJ, O’'Brien ET. Acute slipped capital
femoral epiphysis: review of the literature
and report of ten cases. J Bone Joint Surg Am
1965;47:1105-27.

Loder RT, Richards BS, Shapiro PS, et al
Acute slipped capital femoral epiphysis: the
importance of physeal stability. J Bone Joint
Surg Am 1993;75:1134-40.

Southwick WO. Osteotomy through the less-
er trochanter for slipped capital femoral epi-
physis. J Bone Joint Surg Am 1967;49:807-35.
Delaunay C, Epinette JA, Dawson J, et al.
Cross-cultural adaptations of the Oxford-12

[page 75]

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

HIP score to the French speaking population.
Orthop Traumatol Surg Res 2009;95:89-99.
Wensaas A, Gunderson RB, Svenningsen S,
Terjesen T. Femoroacetabular impingement
after slipped upper femoral epiphysis: the
radiological diagnosis and clinical outcome
at long-term follow-up. J Bone Joint Surg Br
2012;94:1487-93.

Notzli HP, Wyss TF, Stoecklin CH, et al. The
contour of the femoral head-neck junction as
a predictor for the risk of anterior impinge-
ment. J Bone Joint Surg Br 2002;84:556-60.
Tonnis D. Normal values of the hip joint for
the evaluation of X-rays in children and
adults. Clin Orthop Relat Res 1976;39-47.
Ross PM, Lyne ED, Morawa LG. Slipped capi-
tal femoral epiphysis long-term results after
10-38 years. Clin Orthop Relat Res 1979;176-
80.

Hack K, Di Primio G, Rakhra K, Beaule PE.
Prevalence of cam-type femoroacetabular
impingement morphology in asymptomatic
volunteers. J Bone Joint Surg Am
2010;92:2436-44.

Stevens DB, Short BA, Burch JM. In situ fix-
ation of the slipped capital femoral epiphysis
with a single screw. J Pediatr Orthop B
1996;5:85-9.

Millis MB, Novais EN. In situ fixation for
slipped capital femoral epiphysis: perspec-
tives in 2011. J Bone Joint Surg Am
2011;93:46-51.

Hansson G, Billing L, Hogstedt B, et al. Long-
term results after nailing in situ of slipped
upper femoral epiphysis. A 30-year follow-up
of 59 hips. J Bone Joint Surg Br 1998;80:70-7.
Gordon JE, Abrahams MS, Dobbs MB, et al.
Early reduction, arthrotomy, and cannulated
screw fixation in unstable slipped capital
femoral epiphysis treatment. J Pediatr
Orthop 2002;22:352-8.

Carney BT, Weinstein SL, Noble J. Long-term
follow-up of slipped capital femoral epiphysis.
J Bone Joint Surg Am 1991;73:667-74.
Abraham E, Gonzalez MH, Pratap S, et al.
Clinical implications of anatomical wear
characteristics in slipped capital femoral epi-
physis and primary osteoarthritis. J Pediatr
Orthop 2007;27:788-95.

Mamisch TC, Kim YJ, Richolt JA, et al.
Femoral morphology due to impingement
influences the range of motion in slipped
capital femoral epiphysis. Clin Orthop Relat
Res 2009;467:692-8.

DeLullo JA, Thomas E, Cooney TE, et al
Femoral remodeling may influence patient
outcomes in slipped capital femoral epiph-
ysis. Clin Orthop Relat Res 2007;457:163-70.
Miese FR, Zilkens C, Holstein A, et al. MRI
morphometry, cartilage damage and
impaired function in the follow-up after
slipped capital femoral epiphysis. Skeletal

[Orthopedic Reviews 2014; 6:5335]

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

e P press

Radiol 2010;39:533-41.

Kordelle J, Richolt JA, Millis M, et al.
Development of the acetabulum in patients
with slipped capital femoral epiphysis: a
three-dimensional analysis based on com-
puted tomography. J Pediatr Orthop 2001;21:
174-8.

Leunig M, Casillas MM, Hamlet M, et al.
Slipped capital femoral epiphysis: early
mechanical damage to the acetabular carti-
lage by a prominent femoral metaphysis. Acta
Orthop Scand 2000;71:370-5.

Wenger DR, Kishan S, Pring ME.
Impingement and childhood hip disease. J
Pediatr Orthop B 2006;15:233-43.

Zilkens C, Bittersohl B, Jager M, et al.
Significance of clinical and radiographic
findings in young adults after slipped capital
femoral epiphysis. Int Orthop 2011;35:1295-
301.

Ganz R, Leunig M, Leunig-Ganz K, Harris
WH. The etiology of osteoarthritis of the hip:
an integrated mechanical concept. Clin
Orthop Relat Res 2008;466:264-72.

Wensaas A, Svenningsen S, Terjesen T. Long-
term outcome of slipped capital femoral epi-
physis: a 38-year follow-up of 66 patients. J
Child Orthop 2011;5:75-82.

Larson AN, Sierra RJ, Yu EM, et al. Outcomes
of slipped capital femoral epiphysis treated
with in situ pinning. J Pediatr Orthop
2012;32:125-30.

Schmitz MR, Bittersohl B, Zaps D, et al.
Spectrum of radiographic femoroacetabular
impingement morphology in adolescents and
young adults: an EOS-based double-cohort
study. J Bone Joint Surg Am 2013;95:e90.
Carney BT, Weinstein SL. Natural history of
untreated chronic slipped capital femoral epi-
physis. Clin Orthop Relat Res 1996;43-7.
Oram V. Epiphysiolysis of the head of the
femur; a follow-up examination with special
reference to end results and the social prog-
nosis. Acta Orthop Scand 1953;23:100-20.
Ziebarth K, Zilkens C, Spencer S, et al.
Capital realignment for moderate and severe
SCFE using a modified Dunn procedure. Clin
Orthop Relat Res 2009;467:704-16.

Huber H, Dora C, Ramseier LE, et al.
Adolescent slipped capital femoral epiphysis
treated by a modified Dunn osteotomy with
surgical hip dislocation. J Bone Joint Surg Br
2011;93:833-8.

Loder RT, Dietz FR. What is the best evidence
for the treatment of slipped capital femoral
epiphysis? J Pediatr Orthop 2012;32:5158-65.

. Jayakumar P, Ramachandran M, Youm T,

Achan P. Arthroscopy of the hip for paediatric
and adolescent disorders: current concepts. J
Bone Joint Surg Br 2012;94:290-6.

OPEN ACCESS





