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Abstract

Purpose: to evaluate the efficiency of modified Dunn procedure for treatment of severe slipped
capital femoral epiphysis. Materials and Methods. The authors used the modified Dunn pro-
cedure for treatment of 6 patients with SCFE aged from 10 to 13 years and displacement de-
gree over 55°. Chronic disease form was reported in one patient, acute displacement along the
chronic process was reported in 5 patients. All patients had a stable form of SCFE by Loder clas-
sification. Surgical procedure was performed within 6 to 12 months from the onset of disease.
Results. Normal anatomical relations in the hip joint were restored in all patients. During follow up from
18 until 48 months the patients did not demonstrate aseptic femoral head necrosis or chondrolysis. Ado-
lescents did not complain on pain or hip motion limitations. Treatment outcomes assessment by Harris
hip score was 97 points. Conclusion. Based on outcomes of the modified Dunn procedure the authors
conclude that the method provides for complete restoration of the anatomical relations between femoral
neck and epiphysis and, thus, the hip joint biomechanics. Femur dislocation allows to form an extended
flap to ensure epiphysis perfusion which improves overall blood supply in the femoral head and conse-
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quently decreases the risk of aseptic necrosis and chondrolysis.
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Introduction

The choice of surgical technique for treat-
ment of patients with juvenile slipped capi-
tal femoral epiphysis (SCFE) with significant
degree of epiphysis displacement remains
a pressing issue. Advocates of extra-artic-
ular correction, namely, intertrochanteric
and higher corrective osteotomies speak for
avoidance of intervention into the deform-
ity area not to aggravate the critical level of
epiphysis perfusion [1-4]. However, perfor-
mance of extra-articular osteotomies with

three-plane reorientation of proximal femur
does not always provide for achievement of
correct placement of epiphysis in acetabu-
lum [5]. Impingement syndrome developing
at this stage leads to early coxarthrosis and
later to a complicated hip arthroplasty due
to significant alterations in proximal femur
anatomy [6].

Advocates of intra-articular correction —
open alignment of epiphysis or corrective os-
teotomy of femoral neck — speak for maxi-
mally possible restoration of anatomy and
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biomechanics of the hip joint. However, in-
tra-articular procedure poses a high risk of
damaging the epiphysis perfusion with fur-
ther development of aseptic head necrosis
and chondrolysis.

In the last century the open reduction
of epiphysis or corrective osteotomy of the
femoral neck resulted in aseptic necrosis of
femoral neck or chondrolysis in up to 100%
of cases [7-19]. A significant breakthrough
in this area was achieved by a technique of
an open epiphysis reduction proposed by
English surgeon Dunn in 1964 who described
63 cases of its application [20, 21].

The key aspect of Dunn procedure is for-
mation of a feeding flap from periosteum of
femoral neck by its accurate detachment from
the bone. Periosteum of femoral neck on the
posteromedial surface contains ascending
branches of medial circumflex femoral artery
which mainly ensure perfusion of femoral
epiphysis. Dunn reported that aseptic necro-
sis and chondrolysis rate was decreased up to
10% in cases of chronical epiphyseolysis and
up to 30% in acute epiphyseolysis along the
chronical disease [21].

Russian surgeons A.R. Pulatov and
V.V. Mineev in 2010 proposed a method of in-
tra-articular correction of femoral epiphysis
positioning in cases of juvenile SCFE (patent
of Russian Federation 2405489). The meth-
od consists of a wedge resection of femoral
neck along anterolateral surface with preser-
vation of ascending branches of the medial
circumflex femoral artery on the posterior
surface. The authors of this method used the
technique in 18 patients and reported that
aseptic necrosis of the femoral head devel-
oped in 16% [22]. A disadvantage of proposed
technique is the failure to gain full correction
of deformity.

M. Leunig et al in 2007 proposed a modi-
fied Dunn technique of open reduction for
femoral epiphysis and described treatment
outcomes obtained in 30 clinical cases [23].
The key distinction of proposed procedure is
the use of surgical femur dislocation which
ensures free access to epiphysis, to femoral

neck and allows to form an extended perfu-
sion flap from periosteum of femoral neck
and distally from periosteum, posterior
capsule elements, piriformis muscle. This
allows to prevent critical damage to perfu-
sion of femoral epiphysis. The clinic at Bern
University which originated the technique
reported 2% rate of above mentioned com-
plications [24].

Purpose of the study — to evaluate the
efficiency of modified Dunn procedure for
treatment of severe juvenile slipped capital
femoral epiphysis.

Materials and Methods

The authors used the modified Dunn pro-
cedure for treatment of 6 patients with SCFE,
aged from 10 to 13 years and displacement
degree over 55°. Chronic disease form was
reported in one patient, acute displacement
along the chronic process was reported in
5 patients. All patients had a stable form of
SCFE by Loder classification.

Procedure was performed within 6 to 12
months from the onset of disease in accord-
ance with technique described by M. Leunig
et al [23]. With patient in a lateral position-
ing the authors made a linear incision on
lateral femur, dissected tractus iliotibialis,
detached the greater trochanter with its
mobilization and anterior abduction to-
gether with attached m. vastus lateralis, m.
gluteus medius and m. gluteus minimus. Hip
joint capsule was approached in the inter-
val between m. gluteus minimus and m. pi-
riformis through a Z-form capsulotomy. Lig.
teres was detached and femoral head was
dislocated. A control hole of 2 mm in diame-
ter was made in anterior lateral quadrant of
epiphysis to visualize epiphysis perfusion.
Then femoral head was reduced into the
acetabulum, and synovial flap was formed.
Synovium was dissected on femoral neck
and detached along anterior and posterior
surfaces with detachment of posterior frag-
ment of the greater trochanter and detach-
ment of rotator tendons from their attach-
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ment to the femur. After secondary femur
dislocation epiphysis was separated from
femoral neck with periosteum detachment
along its posterior and medial surfaces. The
newly formed callus was removed from the
posterior surface of femoral neck (Fig.1).

After reduction the epiphysis was fixed
by threaded wires of 2,5mm in diameter.
Special attention was given to avoid strain
and twisting of the flap after reduction and
fixation of epiphysis. Status of perfusion was
controlled through a preliminary formed
hole in femoral epiphysis. When procedure
technique is observed blood loss from con-
trol hole in the femoral head continues dur-
ing the whole surgery or is resumed after
reduction and fixation of epiphysis to the
femoral neck.

Upon completion of procedure the authors
performed suturing of periosteum, capsule,
screw fixation of the greater trochanter, su-
turing of tractus iliotibialis and skin.

Rehabilitation was started next day af-
ter surgery including passive motions in
hip joint on Artromot system under pro-
longed epidural anesthesia. Weight load on
the operated limb was allowed 6 months
postoperatively.
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Results

Evaluation of treatment outcomes was
made in the period from 18 months to 4 years
after the surgery (Table).

Active motion in hip joints was restored in
terms from 2 to 3 weeks after the surgery and
continued almost with full range during the
whole follow up period. During examination
of patients a barely noticeable limping was
observed. Shortening of affected limb was
up to 1 cm. The patients did not complain
of pain or hip motion limitations. No asep-
tic necrosis or chondrolysis of the femoral
head was observed. X-rays of three patients
at follow up of 3 and 4 years demonstrated
dystrophic changes corresponding to coxar-
throsis of grade 1 manifesting by irregular
joint gap and subchondral sclerosis of ac-
etabulum. Harris hip score was 97 points in
patients with and without roentgenological
signs of dystrophy.

Theclinical caseis presented below.Female
patient of 10 year old. Hip joint pain and limp-
ing manifested in July 2014. Outpatient clinic
diagnosed osteochondropathy of the femoral
head. The authors diagnosed a chronic juve-
nile slipped capital femoral epiphysis of the
left femur. Roentgenography and computer
tomography (Fig. 2) were used to confirm
epiphysis displacement at 90°.

The patient underwent an open reduction
of epiphysis according to modified Dunn pro-
cedure 11 months after the onset of disease,
in August of 2015 (Fig. 3).

Fig. 1. Separation of femoral epiphysis, formation
of the flap - detachment of periosteum from
posterior and medial surfaces of femoral neck
(Figure from article of M. Leunig et al (2007),

was modified upon consent of the authors)
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Table
Treatment outcomes
Patient Displacement | Follow up after Pain 3 . I
’ Form Range of motion | Dystrophic Harris Hip
age, of SCFE d'egree‘ofo the surgery, syndrome in hip joint, ° changes Score
gender epiphysis, months
13y.0.,m 0+X 87 48 No S —10/0/135, Moderate 97
F —40/0/30,
H — 45/0/20
10y.o0., f 0+X 90 30 No S — 10/0/135, No 97
F —50/0/30,
H —45/0/35
13y.0.,f 0+X 65 18 No S —5/0/120, Moderate 97
F — 30/0/20,
H — 25/0/20
12y.0.,f X 55 32 No S — 10/0/140, No 97
F —50/0/30,
H — 45/0/30
13y.0.,f 0+X 60 27 No S -0/0/120, Moderate 97
F — 30/0/20,
H — 25/0/20
13y.0.,f 0+X 80 36 No S — 10/0/135, No 97
F — 40/0/30,
H — 45/0/20

X — chronic form of SCFE; O+X — acute situation along chronic form of SCFE.

Fig. 2. X-rays of hip of female patient 10 y. o., prior to surgical treatment:
a — straight AP view;
b — Lauenstein position: epiphysis displacement at 90°;
¢ — computer tomography
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Full range of active motion in hip joint was
restored in 2 weeks after surgery. The patient
was discharged for outpatient follow up in 3
weeks postoperatively. Healing was achieved
in 5 months and weight load on the limb was
allowed. Threaded wires were removed in one
year postoperatively. At control examination
in 3 years X-rays demonstrated correct posi-
tion of femoral epiphysis without dystrophic
changes (Fig. 4).

The patient has an active lifestyle and no
complaints with full range of motion in the
joint.

Fig. 3. X-ray of hip joints, female patient, after surgery:
restored anatomical relations of epiphysis
and femoral neck

Discussion

Outcomes of modified Dunn procedure in
the authors’ clinic for treatment of patients
with SCFE were quite promising.

In treatment of patients with severe epi-
physis displacement of chronic and acute
forms the authors did not observe develop-
ment of aseptic necrosis of femoral head or
chondrolysis. On the one hand, absence of
such serious complications is due to rather
accurate reproduction of surgical technique,
on the other hand, probably, by a small num-
ber of cases.

Fig. 4. X-rays of hip joint of female patient, 3 years after surgery in AP view (a) and in Lauenstein position
(b): correct positioning of femoral epiphysis, no dystrophic changes
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According to literature the rate of aseptic
necrosis and chondrolysis constitutes from
0 to 26%. The lowest rate is reported by or-
thopaedic clinic of Bern university where the
present procedure was developed and initial-
ly used, however, with increased number of
procedures (from 30 to 43) the rate of asep-
tic necrosis also increased from 0 to 4% [25,
26, 27].

As the present technique is being spread
and reproduced in other orthopaedic centers
the rate of aseptic necrosis has increased up
to 6-26% [28-34]. Such variations are prob-
ably related to severity and pattern of dis-
placement, time elapsed from disease onset,
as well as to technical features of procedure,
the need for precise fulfillment of all manip-
ulations in a confined space. V. Upasani in his
research observed a clear inverse proportion
between a surgeon’s experience (number and
frequency of performed procedures) and rate
of complications [30].

Conclusion

A modified Dunn procedure provides for
complete restoration of anatomical relations
between femoral neck and epiphysis and,
thus, of the hip joint biomechanics. Femur
dislocation allows to form an extended flap
to perfuse epiphysis which significantly im-
proves blood supply to femoral head and
decreases the risk of aseptic necrosis and
chondrolysis.

Considering the world experience and own
cases the authors make a conclusion that use
of modified Dunn procedure can currently
be the method of choice for treatment of pa-
tients with severe juvenile SCFE, however,
relatively small number of performed inter-
ventions require further research.

All patients (their lawful representa-
tives — parents) gave willful consent to
examination, treatment, research analysis
and publishing of outcomes in scientific
literature.
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