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Slipped capital femoral epiphysis (SCFE) is defined by a sliding of the
upper femoral epiphysis on the metaphysis. It is typically a posterior and inferior
displacement of the epiphysial nucleus through the growth plate. This condition
occurs during the rapid growth phase of puberty and affects older children and
adolescents. The slippage of the epiphysis can occur in an acute mode, chronic,

or acute on a chronic form[1, 2].

Among all hip disorders in adolescents, SCFE is the foremost common
one, which occurs in 10.8 per 100,000 children, and is one of the most
frequently missed diagnoses in children of 8 to 15 years of age. Patients with
SCFE typically present with limping and pain poorly located in the hip, groin,
knee, or thigh. On physical examination, the patient may have an antalgic
attitude or be unable to bear his or her own weight with a severe slip. The
limitation of the internal rotation of the hip is the most revealing sign. A
mandatory external rotation is observed in the involved hip of patients with
SCFE when the hip is flexed to 90 degrees (Drehmann's sign) [3].

Different classification systems describe the severity of SCFE and the risk
for AVN. Three classification systems are widely accepted, based on the

stability of the slip, the duration of symptoms, and the extension of the slip [4].

SCFE is classified according to the severity of slippage using the
Southwick angle, defining 3 stages: stage 1 if the angle is under 30°, stage 2 if it
Is between 30° and 60°, stage 3 if it is over 60°. The less the displacement, the
better the prognosis: grade 1 and 2 SCFEs have an excellent long-term prognosis
when treated with in-place fixation, whereas grade 3 are associated with early

functional deterioration[1, 5, 6].



The spontaneous evolution is dominated by the increase of the
displacement, the occurrence of an "acute" slippage which is associated with
early complications, in addition to the long term complications [1]. Severe
SCFE inevitably results into femoroacetabular impingement, damage to the
acetabular cartilage and the early onset of osteoarthritis, hence the need for a

realignment treatment.

The treatment aims to stop the progression of the slippage and avoid
complications, whose frequency increases with the extent of the displacement.
Different surgical procedures have been reported including closed reduction
with in situ fixation, arthroscopic offset correction, and open osteotomies with

correction of the deformity of the physeal junction[7].

Some specialists recommend treatment with the more conventional
procedure of in situ pinning and fixation, whereas others suggest, for high-grade
SCFE, that more aggressive surgery is required to properly reduce the epiphysis
and restrain the incidence of upcoming complications , femoroacetabular

impingement (FAI) and osteoarthritis.

Current progress in the surgical treatment of severe SCFE aims to protect
epiphyseal blood supply while correcting the proximal femoral deformity. The
modified Dunn procedure was described to reach both of these goals while being

a secure and effective process to treat acute and chronic severe SCFE [8].

Dunn’s original technique for open reduction of the femoral head consists
of a lateral approach to the hip, with careful elevation of the vessels in the
periosteal fold. A trapezoid osteotomy is then performed at the proximal portion

of the femoral neck to prevent the retinacular vessels from being stretched.



Later, an attempt has been made to improve the safety of Dunn's subcapital
realignment by associating it with the surgical hip dislocation procedure [9]. The
technique involves a surgical dislocation of the hip through trochanteric
osteotomy, with creation of an extended retinacular flap. With careful handling
of the vessels and the epiphysis, the posterior and medial callus is excised, and a
very minimal shortening of the femoral neck is performed to avoid stretching on
the vessels once the epiphysis is reduced. The physis is excised to promote a
faster bony union, and the epiphysis is reduced on the metaphysis, correcting the
slippage at the site of the deformity. With this approach, perfusion of the
femoral head can be monitored intraoperatively by laser Doppler flowmetry or

using a sterile arterial blood flow catheter [10].

This study aims to report on the experience of the pediatric trauma and
orthopedics department at the pediatric hospital, CHU lbn Sina of Rabat, in the
treatment of severe slipped capital femoral epiphysis using the DUNN

technique; about 05 cases.

There is conflicting evidence in the literature regarding the management of

unstable SCFE. Several questions arise:

What are the indications for Dunn's technique according to the
Southwick classification?

As the field of hip preservation surgery develops, what are the roles
of arthroscopy and surgical dislocation?

Given that the correction is to be made where the deformity is —at the

growth plate— how could vascular risk be limited?

Through this thesis, we will try to answer these questions by taking into

account recent works in the literature.
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1. Type of study :

This is a retrospective, qualitative and descriptive study that has been
conducted in the paediatric orthopaedics and trauma department of the paediatric
hospital, CHU Ibn Sina of Rabat; over a period of 4 years (october 2017 to
october 2021).

2. Population :

Our study is based on the analysis of the records of 05 patients followed up

for severe slipped capital femoral epiphysis and treated by the Dunn technique.

The objective of this work is to describe the principles of this surgical technique

and to compare the results obtained in our series with those of the literature.
2.1. Inclusion criteria:

All children followed for severe SCFE and operated by the DUNN
technique between October 2017 and October 2021.

2.2. Exclusion criteria:

All children followed for SCFE during this period and treated by any other

technique.

3. Medical observations :
> Observation N° 1:

Mr Aymane is a 14 year old boy living in Temara, who was admitted to the
hospital with a chief concern of limping and localized pain in the hip area of 1

month duration.



The clinical examination on admission revealed that the child was in good
general condition, with limited abduction and internal rotation (IR) of the left

hip, and a positive Drehmann sign.

An X-ray of the pelvis and a CT scan completed the examination,
objectifying a SCFE of the left hip (Fig 11).

<UURH AYMANE
M 14 56885/1
DoB: Jui 08 2003
Ex: nov 03 2017

Figure 1 : A and B: X-ray and CT-scan showing the SCFE of the left hip.



The child has undergone surgery using the Dunn technique on 11/21/2017,
under general anesthesia. After a Hueter incision, he underwent an opening of
the joint capsule, an incision of the periosteum along the femoral neck; then an
ablation of the callus formed between the epiphysis and the metaphysis using a
surgical rongeur, without reaching the posterior face, creating a triangle with an
anterior base. The epiphysis was then reduced on the metaphysis and a

percutaneous trans cervical fixation was performed.

The immediate postoperative radiological control was satisfactory. The
patient was put under antibiotic prophylaxis and anti-inflammatory treatment

before his discharge.

Figure 2 : Immediate postoperative radiological control.



> Observation N° 2

Mr Amine, 14 year old boy living in Kenitra with no medical history. He
was referred from Kenitra’s hospital for a chronic and neglected SCFE of the

left hip, with postero inferior tilt of the femoral head in the x-ray performed.

Physical examination showed a limited range of motion and painful active

and passive movement of the left lower limb.

The radiological examinations showed a severe SCFE of the left hip, with a
Southwick angle measuring 73°, as well as a femoroacetabular impingement
(FAI) (Fig 13).

Figure 3 : X-ray and CT-scan of the pelvis objectifying a severe SCFE of the left hip.

The patient was operated on according to the Dunn procedure on
03/05/2019. He was put under antibiotic prophylaxis and anti-inflammatory

treatment.



Figure 4 : Intra operative image showing the femoral head before reduction.

The clinical evolution in post-operative was very good, with gain of near to

normal ROM and absence of major complications.
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Figure 5 : Radiological control 6 months after the surgery, objectifying a good evolution and
absence of complications.

Figure 6 : Clinical evolution of the patient with improvement of motion and disappearance of

pain.
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> Observation N° 3:

Ms Keltoum is a 10 year old girl living in Rabat who has no past medical

history.

She presented with a chronic limp evolving for several months, as well as a

left hip pain; the clinical exam noted a positive Drehmann sign.

The examination was completed by an X-ray and a CT scan which showed
a left SCFE with a slip of more than 1/3 of the metaphysis and a Southwick

angle of 62°, classifying it as a severe SCFE .

Angle: 62 deg.

Figure 7 : Radiological images showing the severe SCFE and the measurement of the
Southwick angle of the left hip.

This patient underwent a surgery using the classical Dunn technique on the

08/08/2019, and was given antibioprophylactic and antalgic treatment.

The immediate postoperative radiological control was satisfactory.
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Figure 8 : Immediate post-operative control X-ray.

Image showing anatomical reduction, and pins and screws in place.

The evolution was satisfactory with the gain of normal ROM a few months

after the surgery.
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Figure 9 : post-operative images showing a normal ROM and the disappearance of Drehmann

sign
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> Observation N° 4:

Youssef is an 11 year-old boy living in Moulay Bousselham, who was
admitted in the hospital with a chief complaint of left hip limping, that has been

increasing for last 10 days, without any notion of trauma.

The clinical examination revealed that the child was in good general
condition, suffering from a limp of the left shoulder. His left lower limb (LLL)

was shortened, in a position of adduction and external rotation.

The frontal radiography showed the slippage of more than %2 of the femoral

head through the neck, and the presence of a bony bridge (fig 16).

Figure 10 : X-ray and CT-scan showing the severe SCFE in the left hip.
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Figure 11 : Cross-section showing the angle of the slippage and the posterior tilt.

The ultrasound performed showed the absence of joint effusion and no soft
tissue collection.

The patient was operated on using the classical Dunn approach on the
09/04/20109.
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Figure 12 : Cross section, indicating the site of the femoral osteotomy.

Figure 13 : Intra-operative images of the femoral head before and after capsulotomy.
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> Observation N° 5:

Sara is an 11 year old girl who lives in sale, with no medical history. She
was admitted in the hospital with a chief concern of limping and a right hip pain

that have been evolving for 2 months.

The clinical examination on admission revealed a stiffness on mobilization
of the hip, a positive Drehmann sign, as well as shortening of the right lower
limb (RLL).

The front and profile X-rays showed a stage 3 SCFE (Fig 17).

Figure 14 : front and profile X-rays showing a SCFE of the right hip.
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The patient has undergone surgery using the classical Dunn technique.
Monitoring of the femoral head perfusion during the surgery showed no blood

flow both before and after reduction.

Figure 15 : Radiological control on 9 months follow-up

On her 12 months check-up, the patient showed clinical signs of
deterioration, with hip pain and stiffness of the joint. The X-ray performed

showed signs of AVN (fig 16). She will be scheduled for total hip arthroplasty.

Figure 16 : Radiography showing collapse of the femoral head due to AVN.
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All of the operations were performed by the same surgeon, using the same
surgical technique, ensuring a certain homogeneity in the series. Epiphyseal
perfusion was evaluated intraoperatively using a 2-mm drill hole to note

bleeding from the femoral head.

The duration of postoperative follow-up ranged from a minimum of 25
months to a maximum of 48 months. The study reviewed data regarding the type
of slip, the degree of correction obtained, clinical and functional outcomes, and

complications.

Figure 17 : The arrow indicates a positive bleeding sign during the operation of modified

Dunn procedure using K-wire drilling of the femoral head.
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4. Summary chart :

Table 1 : Overview table of clinical symptoms of the patients included in the study.

Presence Stage of | Epiphyseal | Surgical
Patient | Sex | Age | Side | chronicity of Clinic slip stability technique | Hindsight
trauma
-Limping
-Pain in L hip
Ayman M 14 L Chronic Absence | -Drehmann+ Stage 111 | Stable Classical 4 years
-Limited IR and Dunn
abduction
-Limping
Amine M 14 L Chronic Absence | -Pain Stage 111 | Stable Classical 30 months
- Leg length + FAI Dunn
difference
-Pain & shortening
Keltoum | F 10 L Chronic Absence | of L lower limb Stage 111 | Stable Classical 25 months
-Lipming Dunn
-Drehmann+
-Left hip limping
Youssef | M 14 L Chronic Absence | =Shortening of LLL | Stage Il | Stable Classical 29 months
-Drehmann+ Dunn
-Limping
-Stiffness
Sara F 11 R Chronic Absence | -Leg length Stage 111 | Stable Classical 31 months
discrepancy - Dunn
Drehmann+

M=male ; F=female ; L=left; R=right; IR= internal rotation; LLL= left leg lenght
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1. Demographic data

1.1. Distribution according to age

The mean age in this study at time of operation was 12 years old, ranging
from 10 to 14 years old.

Distribution of patients depending on age

2
1 IIII “‘l
0
10 11 12

Figure 18 : Graph showing the distribution of patients by age

13 14 15

1.2. Distribution by gender
The study included 3 boys and 2 girls

Gender of patients

= Female patients

= Male patients

Figure 19 : Graph showing the distribution of patients by gender
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1.3. Distribution depending on the affected side

The left hip was mainly affected in our cases, with 4 left hips compared to

only one right hip.

Affected side

= Left = Right

Figure 20 : Graph showing the distribution of patients based on the affected side

2. Clinical data

2.1. Reason for consultation

For all our patients, the main signs that motivate the consultation are the
limping and pain that is spontaneous or appears while walking, localized

essentially in the affected hip area.
The symptomatology is chronic in all the cases included.

2.2. Physical examination

All patients were in good general health condition. The clinical exam noted
a positive Drehmann sign in all our patients, as well as a limited ROM that
couldn't be calculated due to the pain when mobilizing the lower limb. One

patient presented with shortening of the left lower limb.
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3. Radiological data

The radiological assessment performed on all our patients consists of an X-
ray of the pelvis and a CT-scan, allowing us to make a positive diagnosis of

SCFE, to specify the direction of the displacement and to calculate its degree.

All slips were classified as severe according to the Southwick angle
calculation. The mean slip angle was 68°, with extremes of 60° and 80°. The
antero-posterior X-rays and the CT-scans also showed signs of chronicity of the
SCFE (bony beak).

4. Conduct of the operation
All patients were operated according to the classical Dunn technique.

Intraoperative monitoring of blood perfusion of the femoral epiphysis was
achieved by peripheral drilling of a 2-mm hole with a Kirschner wire in the
anterior region of the femoral head to assess the presence of active bleeding. 4
femoral heads were positive bleeding. However, 1 patient (case 5) had showed

no blood flow either before or after reduction.

No patient received prophylactic pinning with an intact contralateral hip.
5. Post-operative results
5.1. Assessment criteria

Clinical outcome was evaluated using the range of motion, the Harris Hip
Score (HHS) and the Merle d’ Aubigné Score. Radiological results were assessed

mainly by the presence or absence of radiologically detectable complications.
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5.2. Global results

In 80% of patients, the radiographic result was satisfactory. However, the
clinical condition was even better than the radiographs suggested. The patients'
quality of life was less affected even though the radiographic and functional
results were not perfect. The HHS at time of follow up for these patients was an
average of 95, and the mean Merle d’Aubigne score was 17,5. The hip function
was good in post-operative, with near normal ROM.

However, the patient whose femoral head showed negative bleeding sign
during the operation, developed AVN after a few months after the operation.
Her clinical outcome was also considered bad.

All patients developed a leg length discrepancy in post-operative.

No patient has developed SCFE in the contralateral hip during the time of
follow up. There was no re-operations, no loss of fixation, no breakage of
osteosynthesis material and no delayed union.

6. Summay of results:

Table 2 : table gathering clinical and radiological results, as well as complications

Hip | Stability Pre- Harris hip Merle Re-
operative score d’Aubigne Complications operations
angle score
Leg length
1 Stable 60° 97 18 discrepancy None
Of 15 mm
2 Stable 73° 93 17 Leg length
discrepancy None
3 Stable 62° 97 18 Leg length
discrepancy None
4 Stable 80° 93 17 Leg length None
discrepancy
5 Stable 65° 28 4 Avascular necrosis None
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1. Introdution:

Slipped capital femoral epiphyses (SCFE) have traditionally been
morphologically classified into mild, moderate, and severe using the Southwick

method. Higher grade slips are usually associated with poorer outcomes.

The goals of the treatment are to prevent further slippage and the
occurrence of complications, and to correct very significant displacements. Up

to date, there is still no consensus on how to treat SCFE.

The ideal treatment of moderate and severe slips has been debatable with
two main schools of thought: For years, in situ fixation had been advocated as
the treatment of choice for all types of slips [11, 12]. However, some authors
have noted a more guarded long-term prognosis after in situ pinning, and a
number of osteotomies have been described to restore the anatomy of the
proximal femoral anatomy; including the sub-capital [13], cervical [14] and
inter-trochanteric osteotomies [15, 16]. It was noted that osteotomies that were
closer to the site of the deformity produced the best anatomic correction but

were associated with the highest risk of avascular necrosis [17].

Dunn [13] described a technique for performing a subcapital osteotomy
that shortened the femoral neck to preserve the blood supply to the femoral
head. However, other authors have been unable to reproduce Dunn's results and
have reported high complication rates with this technique [17-19]. On the other
hand, extracapsular osteotomies, such as the intertrochanteric osteotomy, have a
lower risk of avascular necrosis, but are limited by the severity of the deformity

that can be corrected, as the deformity is treated indirectly [20].
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Thus, Dunn’s osteotomy remains the only procedure that allows the
restoration of a normal or sub-normal anatomy of the upper extremity of the
femur. It is used in the treatment of chronic epiphysiolysis with major
displacement before closure of the growth plate, verified at the slightest doubt
by a CT scan. This procedure is performed meticulously. It consists of several

steps that are: exposure, osteotomy, reduction and fixation [21].
2. Indications of Dunn’s subcapital osteotomy:

SCFE is associated with very variable degree of posterior translation of the

epiphysis and simultaneous anterior displacement of the metaphysis.

The classic treatment of mild slipped capital femoral epiphysis has been in
situ fixation with a single screw in the center-center position of the epiphysis
[22]. It is recommended by most authors [11, 12, 23-25], who report that it
provides the best long-term function and delay of degenerative arthritis, with a
low risk of complications. Although there were many studies that involved large
numbers of patients who underwent in situ pinning (Ponsetti [11] with 83 hips,
Accadbled [25] with 222 patients) in the 20" and 21% centuries with very good
outcomes, there are also some rare studies that report the use of the Dunn
technique in the realignment of slipped epiphyses of less than 30°. In fact,
Slongo et al. [26] included six mild slips treated with modified Dunn technique,
while Ziebarth et al. [9] treated six hips of Southwick angle<30° using the
classical Dunn operation. Huber et al. [27] also had a few mild slips among the

thirty hips they treated according to the modified Dunn procedure.
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All authors agree that in situ pinning alone can’t be sufficient to allow
complete resolution of symptoms and improve function and hip motion in
patients with severe stable SCFE. Thus, for severe slips, surgeons should
attempt to decrease the degree of deformity or correct the deformity to minimize

the long-term risk of cartilage damage [5, 13, 28].

However, if there’s a consensus regarding the use of Dunn’s procedure for

slips over 60°, opinions differ when it comes to moderate SCFE.

In a study including 15 patients, all of them having chronic or acute on
chronic slips with a slip angle >60° and treated by the modified Dunn procedure,
Ebert et al. [4] report a complication rate of 36%. Therefore, they believe that
the modified Dunn procedure should only be considered if there is no other
possibility to restore proximal femur geometry, as is the case in severe chronic
or acute on chronic slipped capital femoral epiphysis. Otherwise, they
recommend using other surgical procedures, such as Imhauser osteotomy, for

moderate stable slips (<50°), to limit the rate of complications [4].

Novais et al. conducted a study on 2014 [29] to compare 15 patients treated
with the modified Dunn procedure and 15 others who underwent in situ pinning
for severe stable SCFE, with a Southwick slip angle (SSA) ranging from 54° to
81°. They stated that the modified Dunn subcapital realignment procedure using
a surgical hip dislocation approach results in better radiographic correction of
the femoral head and neck deformity, superior clinical outcome, and lower
reoperation rate compared with in situ pinning for the treatment of severe stable

SCFE at an average of 2 years of follow up [29].
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Carlioz and colleagues [30] carried out a study including 27 hips of SSA
comprised between 58° and 90° treated using the Dunn’s operation, with an
outcome of 20 good results, 3 fair and 4 bad ones. Considering that 4 bad results
for 27 Dunn’s operations is a high failure rate, they recommend the use of
Dunn’s technique only for cases of SCFE with major displacements (60° to 90°)
and open growth plate, because, if untreated, these will lead spontaneously to

arthritis and a disturbance of hip function [30].

Authors who support the treatment of moderate SCFE following the Dunn
procedure believe that it is the treatment of choice for the surgeon properly
experienced with this method. Huber et al.[27] report excellent outcome in 28
hips out of 30 treated by the modified Dunn technigue and only one case of
AVN, in a series of SCFE with a mean pre-operative slip angle of 44,9°. In a
study of 30 Indian patients, with 19 having stable and 11 unstable slips with
SSA > 30°, Agashe and co. stated that there were only two cases of
osteonecrosis, both of them occurred in unstable slips [17]. Therefore, they
concluded that the modified Dunn osteotomy should be the first choice for

management for moderate and severe slipped capital femoral epiphysis.

The Bernese experience [26] described in 2010 emphasizes the importance
of early treatment of moderate and severe SCFE using the modified Dunn
technique. Slongo et al. reported that the present technique resulted in a low
complication rate in his series of 23 SCFE with average slip angle of 47,6°,
while allowing the restoration of a more normal anatomical relationship of the
proximal part of the femur. They also stated that the mean range of motion of
the treated hips was not notably different from that of the normal and

contralateral hips [26]. The study conducted by Abdelazeem et al. add to the
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current literature that suggests that the modified Dunn osteotomy carried out
through Ganz approach is a safe and effective method of treating moderate and
severe stable SCFE [31].

In the present study, we only considered patients with severe SCFE and
open growth plate, who require anatomical reduction. Our results demonstrate
that anatomic reconstruction is possible even in the most severe chronic forms of

SCFE if treated according to the Dunn’s osteotomy.

Table 3 : Comparison of patient criteria in different studies.

Ziebarth  Slongo Dunnet Zuoet Elmarghan Current
etal [9] etal.[26] al.[32] al.[33] yetal.[34] study
(2009) (2010) (1978) (2020) (2017)

Mean age
at (Years) 12,5 11,9 13,8 13,2 14 12
operation
Gender Male 17 14 52 14 24 3
Female 23 9 21 6 8 2
Affected Left 28 14 L 5 11 4
hip Right 12 9 14 17 1
1 bilat. 2 bilat
Chronicit Acute 13 0 0 1 0 0
y Acute on 0 14 25 0 0 0
chronic
Chronic 27 9 48 20 32 5
Southwic Mild 5 6 0 2 0
k Moderate 23 8 All 0 18
classificat  Severe 12 9 >30° 21 12 5
ion
Mean
follow-up  (Months) 42 29,3 8Y+10 31,2 14,5 32,6
M
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3. Surgical technique:

3.1. Open vs arthroscopic surgery:

The surgical capital realignment technique, as initially described by Dunn
[32], as well as the modified one using a surgical dislocation approach are
originally described as open surgeries. This approach allows the realignment and
offset of the head at the head-neck junction to be directly visualized. It also

allows direct exploration and preservation of physeal blood supply.

All authors agree that it permits to control the vessels, decrease the tension
on the vessels with an exact callus takedown and mild shortening, reduce the
epiphysis to a near anatomic reduction, and assess blood flow, providing the
greatest opportunity to achieve a successful result in the short and long term [13,
27, 33, 35, 36]. Slongo et al.[26] state that the open procedure allowed them to
identify the reasons for the poor postoperative evolution in two patients and to
provide an early specific treatment. Ziebarth et al. believe that the modified
Dunn procedure using an open surgical approach can facilitate capital
realignment by allowing full exposure of the proximal femur and allows

subperiosteal dissection of the entire femoral neck [9].

Fish et al. emphasize the necessity for the surgical approach to provide
sufficient exposure to allow complete visualization of the femoral head and
neck. They reports that the surgeon must appreciate the pathologic anatomy of
the involved hip and must know precisely the locations of the physis and
femoral head [37]. Carlioz et al. [30] recommend the open postero external
approach for it gives a very good view of the epiphyseal vascular pedicle and
allows the femoral neck to be shortened as required and the slipping to be

reduced anatomically.
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On the other hand, the most published studies on arthroscopic treatment of
SCFE focus primarily on the treatment of complications of the disease [38]. It
consists mainly of arthroscopic osteoplasty to correct the consequent FAI [39].

However, although open surgery is considered by its proponents to be the gold
standard in the treatment of SCFE since it offers almost 360° access to the hip joint,
a recent study conducted by Dutra Roos et al. described an arthroscopic technique
of subcapital realignment for the treatment of moderate and severe chronic and
stable SCFE in patients with open physis [40]. This author affirms that direct
arthroscopic visualization of the reduction is unreliable and may be difficult due to
bleeding. Therefore, fluoroscopic prechecking in the anterior-posterior view may
be necessary to check the amount of neck shortening and the reduction. Another
study reports a case of a 12 year old boy treated by an arthroscopic Dunn
technique, obtaining a significant improvement of the clinical picture and a partial

correction of the slippage (from 70° to 30°) [41].

MEDIAL

LATERAL
i l A

Figure 21 : Preoperative photo of a patient positioned for a left hip arthroscopy showing the
portal placement [40].

MAP= mid-anterior portal= camera portal ; ALP= antero-lateral portal= working portal

The fluoroscopic image shows the projection of the MAP (1) and ALP (2).
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For patients, this closed approach offers a potentially "less" invasive
method to treatment, with less muscle dissection and faster recovery. Shorter
hospitalization, minor bleeding and low rate of infection, as well as the
aesthetic result that is superior to that of the open method , are also to be
considered [42]. Hip arthroscopy has the advantage over open surgery in terms
of decreased morbidity, reduced recovery time, and an earlier return to activity
[28].

3.2. Classical vs modified Dunn procedure:

Conventional treatment of slipped capital femoral epiphysis consisted of in
situ fixation with wires or screws. Although clinical studies may have reported
good results, radiological evidence showed significant alterations in the
proximal femur [43]. And in long term follow up, in unreduced epiphysis, FAI
leads to mechanical derangement of the hip and development of secondary
osteoarthritis. Thus, in 1964, Dunn developed a subcapital realignment

procedure to allow for correction at the level of the deformity.

The classical procedure defined by Dunn consists in a capsule incision in
the axis of the neck, followed by a careful dissection of the periosteum. The
posterior part is removed to the edge of the head and to the base of the neck, for
the base of the posterior flap provides the blood supply to the femoral head. The
head is then detached, preserving its blood supply. Then the neck is shortened
by a cut just distal to the epiphyseal line. The segment of bone removed is
trapezoidal and includes the posterior bony beak. Removal of the remaining
growth plate is an additional surgical step to accelerate consolidation and

promote revascularization of the epiphysis [13, 32].
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Dunn et al. conducted a study in 1988 that included 70 hips with chronic
slip, treated with this technique, in which the incidence of complications was
low, namely two AVN and five chondrolysis, and one patient that developed
both. On the other hand, results in hips with acute on chronic slips were less
satisfactory, with 26% of early complications, grown to 29% of late ones.
Carlioz et al. also used the classical Dunn technique to treat 27 cases. Their
study reported an outcome of 14% of complications, one of them was a
postoperative infection, not specific to this type of operation. A study carried out
by Fron et al. in 50 cases of severe slips treated by Dunn’s osteotomy found that
clinical results were good and very good in 90% of the cases, and fair or poor in
10% [44].

In 2009, Ziebarth et al [9] proposed a procedure that combined Dunn's
subcapital osteotomy with the safe Ganz surgical hip dislocation. In a series of
40 moderate to severe slips, they were successfully able to restore proximal
femoral alignment while preserving blood supply to the capital femoral
epiphysis in all cases. In recent years, the modified Dunn osteotomy has gained
popularity to treat SCFE, with various complication rates. Most studies included

patients with different severities.
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Table 4 : Table: comparison of results in studies of different surgical methods [9, 26, 30, 32-34, 45, 46]

Ziebarth Slongoet Dunn, Carlioz Javier  Lawaneet Zuoetal. Elmargh Current
et al. al. Angel et al. et al. al. (China) any &al. study
(Switzerla  (USA) (UK) (USA) (Argentin  (France) (Egypt-
nd) a) Italy)
Number of
hips 40 23 73 27 21 25 21 32 5
Surgical Modif. Modif.  Classical Classical  Modif. Classical Modif. Dunn  Modif.  Classical
technique Dunn Dunn Dunn Dunn Dunn Dunn Dunn Dunn
Caracteristi 20 stable 71% 100% 100% severe  100% 100%
cs of the 3 unstab. All>55°  unstable severe chronic severe
hips
100% 21 good 55good 23good 15 good 19 good 29 good 4 good
Clinical good 6 fair 20 good
outcome 2 bad 12 bad 4 bad 6 bad 6 bad 3 poor 1 poor
Rx outcome 0% long- G: 56%
(total term or 13% F:16,4% 25,9% 51% 40% 5% complic.  15,7% 20%
complicatio major complic. B: complic.  complic. complic. complic.  complic.
N rate) complic. 27,4%

37



3.3. Monitoring of the femoral head perfusion:

Monitoring the perfusion of the femoral head is believed to be important in
surgery that preserves the hip joint. To prevent the development of epiphyseal
necrosis in SCFE and to optimize treatment outcomes, it is important to study
the epiphyseal hemodynamics both preoperatively and intraoperatively [47, 48].

It is possible to assess the hemodynamics before the surgery by performing a simple
[49] MRI or with contrast, a femoral head angiography, or bone scintigraphy [48].

In intra-operative, a first step is inspection of the continuity of the
retinaculum that carries the main blood flow to the femoral head. One of the
advantages of subcapital realignment using the Dunn procedure is the
visualisation and preservation of the vascular retinaculum, and the direct
evaluation of femoral head perfusion during surgery. Femoral head perfusion
can be assessed either by bleeding assessment after creation of a 2-mm drill hole
[48, 49], by using laser-Doppler flowmetry (LDF) [27] and/or by means of
intracranial pressure probe (ICP) monitoring [50].

In this study, femoral perfusion was assessed intra operatively using a drill
hole, and bleeding sign was checked before and after reduction. The patient who
developed AVN had no blood flow either before or after osteotomy and
reduction of the epiphysis. With a sensitivity and specificity of 100% in our
series, these outcomes supports the previous findings of Madan et al. [49].

A study conducted by Novais et al.[51] that compares different methods of
perfusion monitoring used in the same patients, concluded that both assessment
of active bleeding of the femoral head and ICP monitoring are effective in
detecting patients who are at high risk of developing AVN. Although, it showed
that ICP monitoring before dissection had good sensitivity, while bleeding after
final fixation was a highly (100%) specific test.
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4. Post-operative complications:

Although the goal of treatment is to minimize complications, the reported
overall complication rate of SCFE remains high. Historically, surgical methods
of realignment have been associated with a high number of complications with
the risk of avascular necrosis reportedly ranging up to 53,8% [52]. The modified
Dunn procedure with realignment of the epiphysis offers the possibility of
restoring proximal femoral anatomy and a ROM without impingement. In
addition, this procedure allows for control of epiphyseal vascularization and
restoration of epiphyseal perfusion. Some studies showed promising results,
notably those of Ziebarth et al. and Slongo [9, 26]. Furthermore, long term
follow up showed that hip function was improved and pain was decreased at 10
year follow up in hips treated using the modified Dunn procedure for SCFE,

meanwhile more hips showed signs of progression of OA [53].

Commonly reported complications include osteonecrosis (ON) of the
femoral head, chondrolysis, femoroacetabular impingement associated with
articular cartilage and labral damage, fixation failure and progression of

deformity, growth arrest, and development of bilateral disease.
4.1. Avascular necrosis:

Avascular necrosis of the femoral head is probably the most feared
complication related to SCFE, for it is associated with the poorer outcome. The
etiology of AVN is not completely elucidated, but is likely multifactorial.
Potential causes are a tear or anatomic disruption of the retinacular vessels to the
epiphysis, kinking of the retinacular vessels, or an intracapsular tamponade

caused by hemorrhage.
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Clinically it is revealed by joint pain and decreased mobility.
Radiographically, AVN is characterized by areas of radiolucency and segmental
sclerosis that ultimately result in femoral head collapse. These changes usually
occur in a subchondral location [54]. However, the development of AVN after

treatment for SCFE develops usually within the first months and is rarely seen

on plain radiographs beyond two years [55].

Figure 22 : X-ray image of AVN.

A male patient aged 10 years 2 months with right-sided SUFE who underwent pinning of both
sides. In post-operative, two pins were projecting beyond the bony femoral epiphysis on the
right. Hip pain persisted and a radiograph 4 month later shows avascular necrosis of the right

femoral head with marked collapse (left). A further 13 months later, the right femoral head

has virtually disappeared (right) [54].
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The use of Dunn osteotomy for SCFE reduction was first reported in 1978
for the treatment of 73 hips (48 chronic and 25 acute cases ). Among the 25
acute SCFEs, 9 hips developed AVN: 2 had complete AVN, 3 had segmental
AVN, and 4 had mottling [32]. Another study that included 28 patients with
SCFE treated by the modified Dunn procedure reports that two patients had

proven pre-existing AVN and two developed the condition postoperatively [49].

A careful analysis of the risks of AVN following the 2 main types of
treatment (in situ pinning and open reduction through a surgical hip dislocation
and modified Dunn osteotomy) for an unstable SCFE demonstrate a very wide
range of results. Both techniques have studies reporting a 0% AVN rate [9],
whereas the highest AVN rate for in situ pinning is 47% [56] and Dunn
osteotomy is 26%, reported by Sankar et al. in a large multicenter study [57]. A
long-term follow-up series by Velasco et al. demonstrated that of 60 hips treated
with the classical Dunn procedure for SCFE, the majority of the cases had good
and moderate outcomes and only 7 cases (11.7%) had evidence of AVN [18].
The authors noted that compared with the natural disease course, the long-term

outcome seems to be improved by open reduction of the femoral head.
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Table 5 : Table: comparison of post-operative AVN with the literature series.

Total N° of N° of AVN % of AVN
SCFE
Velasco et al. [18] 60 7 11.7%
(1998)
Lawane et al. [46] 25 4 16%
(2009)
Ziebarth et al.[9] 40 0 0
(2009)
Slongo et al. [26] (2010) 23 1 4,34%
Sucato et al. [58] (2010) 15 1 6,67%
Huber et al. [27] (2011) 30 1 3,33%
Dauvis et al. [59] (2017) 31 unstable 2 6%
17 stable 5 29,5%

Elmarghany et al. [34] 31 3 9,4%
(2017)
Ebert et al. [4] (2019) 15 4 26,67%
Passaplan et al. [7] 18 2 11,11%
(2020)

Current series (2021) 5 1 20%

One case in our series developed AVN, and had no sign of blood flow

during the intra-operative monitoring.
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Figure 23 : Radiological image 12 months after surgery of case 5 in our study that developed
AVN

Necrosis leads very quickly to a deformation of the head due to the sinking

of the necrotic area of bone. It results in hip pain and joint stiffness.

There is a wide range of surgical treatments available for the management
of femoral head necrosis, from hip joint preserving therapy to hip arthroplasty.
The only treatment for AVN may be a prolonged period of traction, which may
be appropriate provided that the epiphysis has not lost too much of its sphericity
and that the patient still has some remodeling potential. If the necrotic femoral
head is too deformed, and the hip is stiff and painful, then hip replacement by

arthroplasty is required [1, 60].
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4.2. Chondrolysis:

Chondrolysis is the second serious complication of SCFE, that can occur in
treated and untreated cases. Its exact etiology has not yet been conclusively
identified. Although a number of risk factors seem to favor the occurrence of
chondrolysis, the most important of which are the severity of slip and the intra-
articular protrusion of the osteosynthesis material, in addition to intra-articular

or trochanteric realignment osteotomies [1, 61].

Chondrolysis is essentially revealed by a stiffness of the hip associated with
a vicious attitude. Pain is not the primary complaint in most patients. Articular

limitation mainly affects extension, internal rotation and adduction.

Radiologically, chondrolysis is defined by a joint space reduction of more
than 50% of the affected hip, or a joint space measuring less than 3 mm in case
of bilaterally abnormal hip joints. Normal hip joints should have a cartilage
thickness of 4 to 5 mm for the age group affected by SCFE, measured on
anteroposterior radiographs of the hips. Other characteristic lesions of
chondrolysis can also be noted in X-ray images, namely: an overall
demineralized aspect of the joint affecting the femoral head and the acetabulum;
the disappearance of the subchondral osseous line on both the acetabular and

femoral surfaces; and the fusion of the articular cartilage [1, 54].

The overall incidence of chondrolysis is believed to be 7%, depending on
the series, but has been reported to vary from 0 to 55% [61, 62]. In our series,

we did not record any complication of this kind during the follow-up period.
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Figure 24 : Radiological images of chondrolysis.

A girl aged 16 years and 6 month who was already treated for a right-sided
SCFE 1 year before, presented a relapse on her left hip, that was also treated.
The patient complained of persistent pain, when an x-ray realized 4 weeks after
the operation (A) showed loss of hip joint space, indicating a chondrolysis. 6

years later, the head started to collapse due to impingement (B) [54].
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The evolution of chondrolysis is not predictable. The initial acute stage of
chondrolysis, associated to an initial decreased motion, lasts around 6 months. In
50 to 60% of cases there is a reconstitution of the joint space and improvement
of ROM after the acute stage. In the other cases, the chronic stage would last
several years, with progressive joint destruction resulting in a painful or painless
ankylosis [54, 61].

4.3. Leg length discrepancy:

Epiphysiodesis prevents further slipping of the epiphysis onto the
metaphysis and has therefore become a step in most surgical treatments for
SCFE, including the Dunn realignment procedure. The average age of most
patients treated for SCFE is 12 years, and with the goal of epiphysiodesis, one is
expected to lose 3 mm per year of limb growth from the proximal femoral shatft.

Physeal closure usually occurs after 5 to 6 months.

In this study, we encountered this complication in most cases during the
observation period. Although one case had already presented with leg length

discrepancy in pre-operative.
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Figure 25 : Radiological image of leg length discrepancy in a case from our series, one year

after surgery.

Growth arrest of the proximal femoral physis has several potential
consequences, especially in young patients. It creates uneven leg lengths and
alters growth parameters of the femur, and these include femoral neck
shortening and relative trochanteric overgrowth, extra-articular impingement,

coxa vara, and a consequent change in gait patterns.
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There is evidence that the type of implant used for fixation can affect
growth continuity, including early closure of the physis and shortening of the

femoral neck.

Hansson [63] developed a hook-pin that has proven effective in different
surgical techniques for the treatment of SCFE. He reported that 28
asymptomatic hips (prophylactic pinning) and 27 of 37 hips (73%) with slipped
epiphyses showed no tendency towards premature closure during a

postoperative follow-up period of 1 to 6 years.

Further development of techniques and implants that allow stable fixation
and ongoing growth could be beneficial for patients with significant growth

remaining.
4.4. Other complications related to surgical treatment of SCFE:

A number of other complications may also occur after this operation,
including: progression of postoperative slippage; loosening, rupture, or
migration of metal implants; rotation of the femoral head; subtrochanteric

fractures; and local infection.

Postoperatively, there may be a spontaneous reduction or increase in the
slip angle. This indicates insufficient stability of the surgical fixation and must
be corrected [54].

Joint infection is a potential complication after all kinds of surgery. The
radiological signs are identical to any other joint infection; an early sign being a
joint collection. If there’s a clinical suspicion, a drainage of the joint should be
performed, as in all other cases of suspected septic arthritis. The infection may

also be limited to the metal implant without affecting the hip joint.
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In this series, no patient has developed any of the latter complications, even
iIf some of them are quite common, namely fracture of osteosynthesis material
and postoperative infections. Carlioz [30] reported one case of severe infection
among 28 hips treated with Dunn’s operation. Ziebarth [9] recorded 3 patients

out of 40 who were reoperated due to breakage of a screw or wire fixation.

There are some limitations related to the nature of our study: first, the
retrospective approach; second, the absence of a control group, such as one with
in-situ pinning, for comparison. Besides, we did not report the preoperative
ROM, as it was difficult, if not impossible to have a measurement in a child with
a painful hip. The limitations also include the non-use of the doppler ultrasound
flowmetry to detect perfusion in intra-operative. In addition, the small number
of patients and short-term follow-up can have a significant impact on the
information we can interpret. Most of these limitations are shared with other

studies of such a complex and uncommon lesion.
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Despite its limitations, this study represents a series of severe cases of
SCFE treated with the classic Dunn procedure.

Dunn’s procedure for osteotomy and realignment of the femoral head is an
ideal treatment strategy for SCFE as it aims to restore the original anatomy in
order to prevent further early degeneration of the hip, reduce pain, and avoid the
need for total hip arthroplasty (THA) in young and active SCFE patients.

This procedure is undoubtedly demanding and requires extensive training
based on a precise knowledge of anatomy. However, we believe that the
investment in effort and skill is well worth it for this condition that can have
lifelong consequences for the young and active population affected.

However, osteotomies should be reserved for very complex forms, i.e.
severe displacements. Besides, certain conditions should be met, including
avoiding forced reduction of the femoral head, and ensuring that the
osteosynthesis material does not protrude into the hip joint.

All of Dunn's interventional series report a risk of necrotic complications with
variable percentages. Avascular necrosis may be encountered primarily if there is
no evidence of intraoperative perfusion of the femoral head before and after
epiphyseal realignment. This was the case for our patient who developed AVN.

Nevertheless, when the surgical approach to hip dislocation and femoral
neck osteotomy described by Dunn go well, both challenges of this pathology
are optimally handled, allowing to reduce the epiphysis to a normal position,
while avoiding FAI and AVN, and the patient is left with a basically normal hip.
If this is achieved between 75% and 100% of the time and more probably
between 85% and 90% of the time, then these results are superior to the outcome
achieved with in situ pinning (simple fixation or partial reduction) and the
patient’s hip is destined to develop FAI and early OA.
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Abstract

Title: Dunn technique in treatment of severe slipped capital femoral epiphysis.
Author: Houda Bouidida
Supervisor: Pr. Amrani Abdelouahed

Key-words: slipped capital femoral epiphysis, Dunn procedure,subcapital realignment,
avascular necrosis.

Introduction: Slipped capital femoral epiphysis (SCFE) is a slippage of the proximal
femoral epiphysis through the femoral neck. It is the most common hip disorder in
adolescents.

SCFEs with severe displacement inevitably progress into arthritis, making surgical
recovery of normal anatomy an interesting objective. This can be achieved using the
technique described by Dunn, which is an osteotomy at the level of the physis that can correct
the anatomy and allows the alignment at the head/neck junction. However, all published
studies about this technique report a risk of avascular necrosis.

Objectives: The aim of this study is to present the results of the Dunn technique, to
analyse and compare them with literature data.

Material and methods: We retrospectively studied 5 patients (2 females and 3 males)
who underwent a Dunn procedure for a SCFE over a 4 year period. They were all treated by a
single senior pediatric orthopaedic surgeon. The mean age in our study was 12 years (10-14
years), and all patients had severe SCFE according to the Southwick classification.

Clinical and radiographic records were reviewed to obtain demographic data, to classify
severity and physeal stability; and to measure the outcomes using clinical scores, radiological
results and rate of complications.

Results: The average duration of follow up was 30 months. Surgical reduction was
attained in all cases. One femoral head had no bleeding after drilling during surgery, and
developed later an avascular necrosis. The other patients had good clinical and radiographic
outcomes, with a range of motion not different of that of the normal contralateral hip.

Conclusion: the Dunn osteotomy has been shown to be effective in the treatment of
severe stable SCFEs. However, it is a technically demanding surgery with highly variable
results and rate of complications, notably AVN.
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Résumé

Titre : la technique de Dunn dans le traitement de I’épiphysiolyse fémorale supérieure.
Auteur : Houda Bouidida
Rapporteur : Pr. Amrani Abdelouahed

Mots-clés : épiphysiolyse fémorale supérieure — technique de Dunn — réalignement de
la téte fémorale — nécrose avasculaire.

Introduction : L'épiphysiolyse fémorale supérieure (EFS) est un glissement de
I'épiphyse fémorale proximale a travers le col du fémur. Les EFS & grand deplacement
évoluent inévitablement vers l'arthrose, ce qui fait du rétablissement chirurgical de I'anatomie
normale un objectif intéressant. Ceci peut étre atteint en utilisant la technique décrite par
Dunn, qui est une ostéotomie au niveau de la physe pour corriger I'anatomie a la jonction
téte/col. Cependant, toutes les études publiées sur cette technique rapportent un risque de
nécrose avasculaire.

Objectifs : La présente étude a pour but de décrire les résultats de la technique de
Dunn, les analyser et les comparer aux données de la littérature.

Matériel et méthodes: Nous avons étudié rétrospectivement 5 patients qui ont
bénéficié de procédure de Dunn pour EFS sur une période de 4 ans. Ils ont tous été traités par
un seul chirurgien orthopédique pédiatrique senior. L'age moyen dans notre étude était de 12
ans, tous les patients présentaient une EFS sévere selon la classification de Southwick.

Les dossiers cliniques et radiographiques ont été examinés afin de recueillir les données
démographiques, de classer la gravité et la stabilité, et de mesurer les résultats cliniques,
radiologiques et le taux de complications.

Résultats : La durée moyenne du suivi était de 30 mois. Une réduction chirurgicale a
été obtenue dans tous les cas. Une téte fémorale n'a pas présenté de saignement apreés le
forage pendant l'opération, et a développé ultérieurement une nécrose avasculaire. Les autres
patients ont eu de bons résultats cliniques et radiographiques, avec une amplitude de
mouvement comparable a celle de la hanche controlatérale normale.

Conclusion : L'ostéotomie de Dunn s'est avérée efficace dans le traitement des SCFE
séveres et stables. Cependant, il s'agit d'une chirurgie techniquement exigeante dont les
résultats et le taux de complications, notamment la NAV, sont trées variables.
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Annex 1: Harris Hip Score

Pain Sitting
[ ]None or ignores it +44 [[] Comfortably in ordinary chair for one +5
[[]slight, occasional, no compromise in 40 hour
activities []10n a high chair for 30 minutes +3
[[]Mild pain, no effect on average [ ] Unable to sit comfortably in any chair | +0
activities, rarely moderate pain with +30
unusual activity; may take aspirin Enter public transportation
[]Moderate pain, tolerable but makes [ |Yes +1
concession to pain. Some limitation of [ INo +0
ordinary activity or work. May +20
Require occasional pain medication Stairs
stronger than aspirin [ ]Normally without using a railing +4
[[]Marked pain, serious limitation of +10 [ ]Normally using a railing +2
activities [ ]In any manner +1
[[] Totally disabled, crippled, pain in bed, 8 [ JUnable to do stairs +0
bedridden
Put on Socks and Shoes
Limp [ Jwith ease +4
[ INone +11 With difficulty +2
| [ ]Slight +8 [ ]Unable +0
Moderate +5
|_|Severe +0 Absence of Deformity (All yes = 4, Less
than 4 =0)
Support [ Less than 30° fixed flexion
[ |None +11 contracture ]
[] Cane for long walks +7 | |[]Less than 10° fixed abduction -
| [ ]Cane most of the time +5 | [[JLess than 10° fixed internal rotation
[]One crutch +3 in extension ]
[ ] Two canes +2 | |[JLimb length discrepancy less than
[] Two crutches or not able to walk +0 = o -
Distance Walked Range of motion (* indicates normal)
[] Unlimited +11|  Flexion (*140°): ____
[]six blocks +8|  Abduction (*40°): ____
| [ ] Two or three blocks +5|  Adduction (*40°):
_|Indoors only +2 External Rotation (*40°): _____
|_|Bed and chair only +0 Internal Rotation (*40°):
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Scoring Guide:

Range of Motion:
Total range of motion:
211°-300° = 5 points
161° - 210° = 4 points
101° - 160° = 3 points
61°-100° = 2 points
31°-60° =1 point
0°-30° = 0 points

Range of motion score:

Total Harris Hip Score:
Harris Hip Score: Summation of points
Harris Hip Score: Points

Score <70 : Poor results
Score 70 — 79: Fair
Score 80 — 89: Good

Score 90 — 100: Excellent
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Annex 2 : Merle d’Aubigné score

G v i Score
Criteria Assessment (Points)
Pain Intense and permanent 0

Severe even at night

Severe when walking, prevents any activity

Tolerable with limited activity

Mild when walking, disappearing at rest

Mild and inconsistent; normal activity

No pain

Mobility Ankylosis with bad position of hip

No movement, pain or slight deformity

Flexion <40°

Flexion 40°-59°

Flexion 60°-79°, foot can be reached

Flexion 80°-90°, abduction of at least 15°

Flexion exceeds 90°, abduction of 30°

Ability to walk None

Only with crutches

Only with canes

With one cane, less than an hour, very difficult without cane

A long time with a cane, short time without cane and limping

Without cane, slight limp

N (00| (=2 |= ) | & (WK =0 MW |&|W =0 00w N |-

Normal
Absolute results for hip functiont Very good 1-12
Good 0
Medium
Fair
Poor 7
Relative resultst Very great improvement =12
Great improvement 7-11
Fair improvement 3-6
Failure <2

“The Merle d'Aubigné hip score’ includes the parameters pain, mobility, and ability to walk, with each rated from 0
points (worst condition) to 6 points (best condition). TAddition of the scores for pain and mobility results in an
absolute estimation of hip function. }Difference between preoperative and postoperative status (all three
categories, with pain and walking ability multiplied by two before being added).
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