
unstable SCFE. We excluded mild SCFE, endocrinopathy and renal 
cases. 
RESULTS: The mean follow-up was 19 ± 9.2 months (range: 12 
- 36 months). Radiologically. all parameters showed significant 
improvement; with the mean slip angle corrected from 61º± 14.4 
preoperatively to 10º ± 10.1 postoperatively, the mean alpha angle 
corrected from 90.2 ± 21º preoperatively to 49.1 ± 8º postoperatively 
and the mean femoral neck length difference was 8.1 ± 6 mm. 
Functionally, the mean Harris hip score (HHS) was 86.2 ± 9.6 and 
the Heyman and Herndon score was excellent-good in 15 cases 
(75%), fair in two, poor in two and failed in one. Postoperative major 
complications occurred in only two cases (10%); AVN in one and 
secondary FAI in another case. 
CONCLUSIONS: Modified Dunn’s procedure is an effective 
and safe treatment for moderate-severe SCFE, achieving better 
anatomical and functional outcome, with a reasonable complication 
rate. 

Key words: Slipped capital femoral epiphysis; Modified Dunn pro-
cedure; Capital realignment of SCFE; Safe surgical dislocation of the 
hip; Avascular necrosis in SCFE
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INTRODUCTION
Slipped capital femoral epiphysis (SCFE) is relatively common in 
adolescents[1,2]. The management of SCFE has been controversial 
for decades, especially for moderate to severe slips[2-5]. Traditionally, 
in-situ pinning is the most common treatment, with the objective to 
prevent further epiphyseal slippage, while minimizing the risk of 
osteonecrosis[2,5-7]. In-situ fixation of moderate to severe slips has a 
low surgical risk, with many hips remaining asymptomatic for de-
cades[8,9], and has been advocated by surgeons who believe that the 
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ABSTRACT
AIM: To evaluate the outcome of 20 children with moderate-severe 
slipped capital femoral epiphysis (SCFE) with open physes, treated 
by the modified Dunn’s procedure, as regards: intraoperative findings, 
clinical and radiographic outcomes, and postoperative complication 
rate. 
PATIENTS AND METHODS: A prospective study was executed, 
between 2012 and 2016, for treating moderate-severe SCFE with 
modified Dunn procedure in 20 hips of 20 patients, with a mean 
age of 13.6 ± 3.4 years (range: 10 - 16.5 years). Seven cases were 
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not weight-bear. Preoperative ROM and clinical hip scores were 
inconsistently assessed, because of the high percentage of hips with 
unstable SCFE. The radiographic examination were carried out with 
AP-pelvic radiographs and either a cross-table lateral or frog-leg 
lateral radiograph, to measure slip angle by Southwik’s method[27] 
and alpha angle and to evaluate for the presence of femoral head 
AVN[6,28].

Surgical procedures (Figure 1, A - H)[3,7,22,29]

Surgery was performed under general anesthesia and in lateral 
position. A straight lateral incision centered over the greater 
trochanter was made. The fascia lata was incised along the anterior 
border of the gluteus maximus muscle and the Gibson interval 
between the gluteus medius and maximus muscles was developed. 
The trochanteric bursa was incised and the piriformis and gluteus 
minimus muscles were identified by retracting the gluteus medius 
anteriorly. Care should be taken to avoid an iatrogenic injury of the 
relatively constant anastomosis of the inferior gluteal artery to the 
deep branch of the medial femoral circumflex artery (DB-MFCA), 
which runs at the inferior border of piriformis. This important 
anastomosis can potentially guarantee the femoral head blood supply 
in case of the deep branch injury.
    A trochanteric flip osteotomy (of no > 1.5 cm thickness), was done 
leaving the most posterior fibers (2 - 3 mm) of the gluteus medius 
tendon intact. This ensures that the osteotomy is not too medial 
endangering DB-MFCA and ensures that most fibers of the piriformis 
tendon remain attached to the stable portion of the greater trochanter. 
The mobile trochanter with the attached vastus, gluteus minimus 
and medius was flipped antero-superiorly, thus exposing the anterior 
capsule of hip, between the piriformis and gluteus minimus.
    The arthrotomy was performed in a Z or reverse Z fashion, while 
protecting the soft tissues in the piriformis fossa and the labrum. In 
unstable slip, the epiphysis was provisionally-pinned with 2 mm-K 
wires, to avoid rupturing or stretching of the retinacular vessels by 
uncontrolled movement of the femoral neck and head. The epiphyseal 
perfusion was checked by drilling a 2-mm hole in the femoral head 
before the hip was dislocated.
    After cutting the ligamentum teres, the femoral epiphysis was 
then dislocated by placing the lower leg in the opposite sterile bag in 
flexion and external rotation ± a hook placed around the calcar. This 
allowed a full inspection and debridement or repair of chondrolabral 
damage. 
    After head relocation, the retinacular soft tissue flap was 
developed. This flap contained DB-MFCA, periosteum, piriformis 
muscle, part of posterior capsule, and short external rotators. The flap 
was developed by stepwise resection of the most posterior portion 
of the greater trochanter by the so-called inside-out technique. This 
started at the level of the trochanteric apophysis which indicates 
the base of the femoral neck and extended proximally to the tip 
of the trochanter, thus allowing for release of the posterior and 
lateral periosteum along the neck. The neck periosteum was incised 
along its axis, and the retinacular flap was then carefully mobilised 
proximally with periosteal elevator. Distally, the flap should extend 
to the level of lesser trochanter, thus significantly reducing tension on 
the retinacular vessels. Anteriorly, the periosteum was peeled off the 
bone with a periosteal elevator with the head in dislocated position.
    Gradual separation of the epiphysis from the metaphysis was 
done using chisels starting from anterior and facilitated with 
external rotation, till the epiphysis became completely mobile 
but still attached to the posteroinferior retinacular soft tissue flap. 
The metaphyseal stump could be best exposed with the epiphysis 

deformed hip has the potential to remodel with some restoration of 
the disturbed proximal femoral anatomy[8-12]. However, the remodel-
ing potential is controversial and partial if any, with a resultant ab-
normal head-neck offset, leading to femoro-acetabular impingement 
(FAI), with associated chondrolabral damage and premature osteoar-
thritis[2,3,6,7,13].
    Increasing recognition of FAI and chondro-labral damage even 
after mild SCFE[3,14-18] has led to a reconsideration and change of the 
objectives of treatment of SCFE. The ideal treatment would involve 
stabilizing the physis to prevent further epiphyseal slippage and 
correcting the deformity at the subcapital level, at the same time, to 
prevent FAI and early arthrosis, and to normalize hip range of motion 
(ROM)[3,5-7,13,15,19,20].
    Subcapital corrective osteotomies have the advantage of normal 
or near-normal restoration of the proximal femoral anatomy but are 
associated with potential risk of femoral head osteonecrosis[2-5,13,19,21,22].
    In the original Dunn’s procedure[23], greater trochanter osteotomy 
was done to obtain a wide exposure, the hip joint was examined, 
protecting the retinacular vessels running along the posterior surface 
of the femoral neck under direct visualization while performing neck 
osteotomy, reduction and fixation of slip. Ganz et al[22] introduced 
a modified Dunn’s procedure that involved executing the original 
procedure after surgical dislocation of the epiphysis, because it 
is technically demanding to operate on the femoral neck to the 
epiphysis while it is located within the acetabulum. The modified 
Dunn’s procedure is reported to achieve favorable postoperative 
outcome, although caution is needed because of the potential risk of 
femoral head avascular necrosis (AVN)[2,13,17,20,24]. 
    The purpose of this study was to evaluate the outcome of 20 
children with moderate to severe SCFE with open physes, treated 
by the modified Dunn’s procedure, as regards: (1) intraoperative 
findings; (2) clinical outcome; (3) radiographic outcome and (4) 
postoperative complication rate. 

PATIENTS AND METHODS
A prospective study was executed at our institution, between March 
2012 and January 2016, on the modified Dunn’s procedure (open 
subcapital realignment by a surgical dislocation approach), for 
management of moderate and severe SCFE in 20 hips of 20 patients 
(who were available for final follow-up examination). Eleven patients 
were male and nine were female. The mean age at the time of the 
surgery was 13.6 ± 3.4 years (range: 10 - 16.5 years old). The left 
hip was affected in 12 patients and the right hip, in eight. According 
to the degree of slip, nine cases were moderate and 11 cases were 
severe. According to Fahey and O’Brien’s classification[25], eight 
cases were acute on top of chronic slip, while 12 cases were chronic. 
According to Loder’s classification[26], seven cases were unstable. 
Contralateral mild slip was noted in four cases (20%) at the first 
presentation. Cases with mild slippage, cases with underlying 
endocrinopathy or renal insufficiency, cases with other congenital or 
acquired hip deformity, patients with established osteonecrosis before 
the index procedure and patients with less than one year of follow-
up were excluded. The study was authorized by the local Ethical 
Committee and an informed written consent of the parents of patients 
to participate in the study (after explanation of risks and benefits) was 
taken.

Preoperative Evaluation
All patients complained of hip and/or thigh pain, aggravated by 
walking for more than three weeks. In unstable cases, patients could 
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Figure 1 Steps of surgical technique: (A) Trochanteric flip osteotomy , (B) Capsulotomy, (C) Head dislocation, (D) Periosteal incision and development of retinacular 
soft-tissue flap, (E) Complete development of retinacular soft-tissue flap, (F)  Epiphyseal-metaphyseal separation, (G)  Physeal plate curettage, (H)  Final fixation[29]. 
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relocated in the acetabulum. The metaphyseal callus was resected 
until a spherical surface of the neck was achieved, with the least 
further neck shortening needed to prevent tension on the retinacular 
vessels during reduction of slip.
    The physeal plate was curetted, to accelerate bony healing. 
Normally, the exposed epiphyseal bone would show visible 
bleeding. Under visual control of the retinaculum, the epiphysis was 
then reduced manually on the metaphyseal stump in an anatomic 
alignment, to minimize FAI; by centering the femoral head on 
the neck (thus, adjusting the head-neck offset), adjusting the neck 
thickness, achieving correct varus-valgus alignment and correct 
rotation (estimated with the position of the anterior retinacular 
border relative to the neck and with the position of fovea capitis). 
Correct alignment was checked, by fluoroscopy after preliminary 
pin fixation through the fovea capitis. Final fixation was achieved 
by two cannulated screws. Epiphyseal perfusion after the capital 
realignment was re-checked using a 2 mm-drill hole with observation 
of subsequent bleeding.
    The anterior periosteum and posterior retinacular flap were then 
reattached loosely with tension-free sutures. Also, the capsule was 
closed without tension. The greater trochanter was readapted with 
two 3.5 mm screws, optionally with distal advancement (in five 
cases), to achieve a relative lengthening of the femoral neck to avoid 
greater trochanter impingement against the pelvis.

Postoperative care
To protect the trochanteric osteotomy, an abductor pillow was 
used for two weeks postoperatively, and active hip abduction, 
passive adduction and hip strengthening were not allowed until the 
trochanter was healed. However, physiotherapy was used to avoid 
the development of a hip flexion and external rotation contracture[28]. 
A non-weight bearing protocol was followed for 6 weeks. After 
radiographic union of the trochanteric osteotomy and femoral neck, 
stepwise transition to full weight-bearing was allowed, with normal 
use of the hip after three months[3,7,29].

Intraoperative assessment
We used the method proposed by Slongo et al[3] for assessing 
physeal stability. A grossly-unstable hip showed a ruptured anterior 
periosteum and needs temporary pinning to avoid epiphyseal 
separation during dislocation. A stable physis required surgical 
separation of the epiphysis from the neck with an osteotome after 
dissecting the intact periosteum. A hip was classified as partially-
unstable when it was grossly stable and the periosteum was intact, but 
the epiphysis could be separated with little force once the periosteum 
was freed. 

Postoperative functional Assessment
The final functional outcome was assessed using the Harris hip score 
(HHS)[30,31] and the Heyman and Herndon classification system[32]. 
According to the Heyman and Herndon scoring system[32], a hip is 
considered excellent if it has normal ROM, and without limp or pain; 
good if there is no limp, no pain, and slight limitation of internal 
rotation (IR) but internal rotation beyond neutral; fair if there is no 
pain, no limp, and slight limitation of abduction and IR; or poor if 
there is a slight pain, mild limp after strenuous exercise, and slight 
limitation of IR, abduction, and flexion. A hip is rated as failed if 
there is pain, limp on activity, and marked limitation of motion 
requiring reconstructive surgery or progressive radiographic changes 
are seen.

Postoperative radiographic assessment
At the last follow-up, bilateral hip radiographs (AP and frog-leg 
lateral) were used to measure slip angle, alpha angle (as an indicator 
for the development of FAI) and femoral neck length difference and 
to evaluate for the presence of chondrolysis and AVN[6,19,28]. 

Statistical analysis
Results were expressed as means ± SD (standard deviation). The 
differences between pre- and post-operative data were analyzed by 
Paired T test. A statistical significance was set at p < 0.05

RESULTS
The mean follow-up period was 19 ± 9.2 months (range: 12 - 36 
months).

The intra- operative findings (Table 1): (1) Chondrolabral damage 
was demonstrated in 15 cases (75%). It was more extensive in 
the stable SCFE and hips with a longer duration of complaint; (2) 
Clinically-assessed SCFE stability correlated with intraoperative 
physeal stability only in the unstable SCFE. All clinically-unstable 
SCFE (n = 7) had intraoperative instability [grossly unstable (n = 5) 
or partially-unstable (n = 2)]. However, even in the clinically stable 
SCFE, five out of 13 hips had partial intraoperative instability; (3) 
Bleeding of the femoral head after reduction was demonstrated in 19 
cases (95%) and was absent in one head, which developed AVN.

The final outcome: (Figures 2, 3)
Clinical results: (1) The range of movement improved to a 
satisfactory degree. The mean postoperative flexion was 105.5 ± 
15.7º (range: 50 - 120º). The mean postoperative internal rotation 
(IR) in 90º flexion was 36.0 ± 8.5º (range: 15 - 45º). The mean 
postoperative external rotation (ER) in 90º flexion was 42.4 ± 7.4º 
(range: 15 - 50º). The mean post-operative abduction was 40.0 ± 7.5º 
(range: 20 - 48º). (2) The mean Harris hip score (HHS)[30,31] at the 
final follow examination was 86.2 ± 9.6 and the functional outcome 
according to the Heyman and Herndon score[32], was excellent and 
good in 15 cases (75%), fair in two cases, poor in two and failed in 
one (Table 2).

Table 1 Intra- operative findings.

Intraoperative Findings No. of Hips (%)

Acetabular chondrolabral damage

    Yes 15 (75%)

    No 5 (25%)

Epiphyseal stability 

    Stable 8 (40%)

    Partially-unstable 7 (35%)

    Grossly-unstable 5 (25%)

Bleeding of the femoral head after reduction

    Yes 19 (95%)

    No 1 (5%)

Table 2 The outcome of our series according to the Heyman and Herndon 
system[32].
Excellent Good Fair Poor Failure total

5 (25%) 10 (50%) 2 (10%) 2 (10%) 1 (5%) 20
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Figure 2 12 ys old boy, with Lt-sided severe unstable SCFE treated by modified Dunn procedure; (A) preoperative slip, (B, C) postoperative 
radiographs, (D-F) 18 months-postoperative radiographs; sufficient correction of slip angle and head-neck offset, complete union of physis and 
trochanteric osteotomy without chondrolysis or AVN, (G-I) good ROM. The clinical score was excellent.  

Table 3 Patients' characteristics and results in different studies.

No of 
hips

Stability
Severity Mean follow-

up (months)
Mean slip angle Mean α angle Hip score

stable unstable preop postop preop postop mean HHS H&H (G-EX)

Ziebarth et al 2009 40 27 13 M-S 42 45.6 8.6 40.6 99.6

Slongo et al 2010 23 20 3 All 24 47.6 4.6 38 99

Huber et al 2011 30 27 3 All 51.6 44.9 5.2 41.4 97

Sankar et al 2013 27 27 22.3 6 no AVN: 88; 
with AVN: 60

Novais et al 2015 15 15 S 28.8 65 16 111 44 9/15

Cosma et al 2016 7 6 1 S 12 68 9 6/7
El-marghany et al 2017 32 32 All 17.3 52.5 5.6 97.8 51.15 96 30/32

Persinger et al 2018 31 31 27.4 2.5 47.4

Current study 20 13 7 M-S 19.9 61 10 90 49 86 15/20

 M-S: moderate-severe; All: all grades; HHS: Harris hip score; H&H: Heyman and Herndon score; G-Ex: good-excellent.

Radiologic results (Table 3)
(1) Radiographic measurements: The mean slip angle of the femoral 
head was corrected from 61 ± 14.4º (range: 41 - 76.3) preoperatively 
to a mean postoperative value of 10 ± 10.1º (range: 5.5 - 21) with a 
mean correction of 51 ± 10º, (p value < 0.05). The mean alpha angle 
was corrected from 90.2 ± 21º (range: 77 - 143.5 ) preoperatively 
to a postoperative value of 49.1 ± 8º (range: 44.4 - 62), with a mean 
correction of 42.1 ± 13.2º, (p value < 0.05). The mean femoral 
neck length difference was 8.1 ± 6 mm (range: 4 - 18 mm). (2) 
Osteonecrosis occurred in one case (5%).

Postoperative Complications (Table 4)
In this study, despite postoperative complications occurred in six cases 
(30%), major complications occurred in only two cases (10%); AVN in 
one case and secondary FAI in another case. AVN was demonstrated at 
16 weeks postoperatively, in a patient, after showing no intraoperative 
head perfusion. Finally, the functional outcome was classified as failure. 
Secondary FAI due to a bony spur at the femoral head-neck junction 
occured in another case. It was treated by excision of the spur. Finally, 
the functional rating was fair. No patients developed deep infection, 
DVT, nerve injuries, implant failure, chondrolysis or non-union.
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Figure 3 13 ys old boy, with Lt-sided severe unstable SCFE and Rt mild SCFE treated by modified Dunn procedure for Lt SCFE and in-situ fixation 
of Rt side; (A) preoperative slip, (B,C)  one year-postoperative radiographs, (D-F) two years-postoperative radiographs; sufficient correction of slip 
angle and head-neck offset, complete union of physis and trochanteric osteotomy without chondrolysis or AVN, (G-H) good ROM. The clinical 
score was good.  

Table 4 Postoperative complications in different studies.

Infection Osteo-synthesis 
failure

Heterotopic 
ossification

delayed 
union AVN Chondrolysis Limited 

ROM Osteo-arthritis FAI Total

Ziebarth et al al 2009 0 3 (7.5%) 3 (7.5%) 3 (7.5%) 0 0 1(2.5%) 10 ( 25% )

Slongo et al 2010 0 1 (4.4%) 0 0 1 (4.4%) 0 1 (4.4%) 1 (4.4%) 0 4 (17.6%)

Huber et al 2011 0 4 (13.5%) 0 0 1 (3.5%) 0 0 5 (17%)

Sankar et al 2013 0 4 (15%) 0 0 7 (26%) 0 7 (26%) 1(3.7%) 11 (41%)

Novais et al. 2015 0 2 (13%) 0 0 1 (7%) 0 6 (40%) 1 (7%) 0 3 (20%)

Cosma et al 2016 0 0 0 0 0 0 1 (14.2%) 0 1 (14.2%)
Elmarghany et al 2017 1 (3%) deep 0 0 0 3 (9.4%) 0 3 (9.4%) 0 5 (15.6%)

Persinger et al 2018 1(3.2%) 3(9.7 %) Mild 
asymptomatic 2(6%) 0 6 (19.4%)

Current study 1(5%)
superficial 0 2 (10%) Mild 

asymptomatic 1 (5%) 1 (5%) 0 1(5%) 6 (30%)

DISCUSSION
In-situ pinning is the traditional and most commonly-used treatment 
for SCFE, with generally good results and relatively low rate of 
AVN[2,5,6,17]. However, there is recent evidence that the persistent 

metaphyseal deformity, in even a mild SCFE, leads to FAI, with 
a subsequent acetabular chondro-labral damage and early hip 
osteoarthrosis[2,3,6,13,28]. Therefore, the goal of optimal treatment 
of moderate and severe SCFE is to arrest slip progression and 
to restore normal or near normal morphology of the head-neck 
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monitor after the modified Dunn procedure. 
    Several methods of intraoperative assessment of femoral head 
perfusion exist. Described methods are bleeding sign from epiphyseal 
drilling; by a 2 mm K-wire into a non-weightbearing portion of the 
femoral head to a depth of 1 to 2 cm[3,19,33], laser Doppler flowmetry[38] 
and intracranial pressure (ICP) monitor[33]. The existence of flow 
is not a guarantee against development of AVN, but its absence is 
predictive of AVN[33]. In our study, we used epiphyseal drilling, with 
demonstrated bleeding in all except one that developed AVN.
    Implant failure did not occur in our series. This coincided with 
the findings of Cosma et al[19] and Elmarghany et al[20], but did 
not coincide with the findings of many other authors[3,5,6,24,28,34], 
who reported implant failure in their studies (Table 4). The ideal 
osteosynthesis in the modified Dunn procedure has not been well 
established[5]. Reported implants included two or three 3.0 mm fully 
threaded K-wires[3]

, two 6.5-mm cannulated screws[19,33] and one 
threaded pin with one 7.3 mm fully threaded screw[28]. Tannast etal[7], 
reported improved stability after using screws instead of pins that 
were used in their initial cases.
    In this series, two cases (10%) required reoperation; for excision 
of a bony spurs at the femoral head-neck junction that led to FAI in 
one patient and removal of screws in another case with AVN. Sankar 
et al[24] recorded open osteoplasty of deformity secondary to AVN in 
one case (3.7%), core decompression for AVN in one case (3.7%), 
revision of failed osteosytheses and removal of protruded implants 
in nine cases (33.5%) and total hip arthroplasty after AVN in one 
case (3.7%). Elmarghany et al[20] reported three reoperations in their 
series; removal of the protruded screws and arthro-diastasis after 
osteonecrosis in one case, debridement and screw removal for a case 
of late deep infection and readjustment of bad reduction in one case, 
(Table 4). 
    Neck shortening during the procedure is required to ensure a 
tension-free reduction of the femoral epiphysis. The amount of neck 
shortening is critical[5,19,28]. The optimal is the balance between a 
too short neck (resulting in instability and limb length discrepancy) 
and an appropriate neck length[3,7,19,28]. Unlike the other cuneiform 
osteotomies that involve excessive neck shortening, the modified 
Dunn procedure allows safe reduction by excising only the posterior 
callus and curetting the physeal plate, hence minimizing the amount 
of shortening[5,719,28,29,37]. In our series, we followed this concept and 
did not perform excessive shortening of the femoral neck. Distal 
advancement of the greater trochanter allows a relative lengthening 
of the femoral neck to prevent greater trochanter impingement 
against the pelvis[3]. We performed this advancement in five cases.
    The intra- operative findings in our series included: (1)
Chondrolabral damage in 15 cases (75%), that was more substantial 
in stable SCFE and in hips with a longer complaint; (2) Clinically 
assessed slip stability correlated with intraoperative physis stability 
only in the unstable SCFE. All clinically unstable SCFE had 
intraoperative instability. However, even in the clinically stable 
SCFE, five of 13 hips had partial intraoperative instability; (3) 
Bleeding of the femoral head after reduction was demonstrated in 
19 cases (95%) and was absent in one head, which developed AVN, 
(Table 1). These findings were comparable to that of Slongo et al[3] 

and Zeibarth et al[6].
    Slongo et al[3] performed prophylactic fixation of the contralateral 
hip in all of their patients. We and others[5,6,7,19,28,35] fixed the 
contralateral hip, only if it developed slip. 
    Other surgical alternatives for treatment of moderate and severe 
SCFE exist, including in situ pinning[2, 5], in situ pinning followed by 
a staged femoral osteotomy[5], in situ pinning combined with basal 

junction. A modified Dunn procedure has been introduced to 
achieve these optimal goals[2,7,13,19,20,28,33]. However, this technique 
is, technically challenging and more invasive than in situ pinning, 
with some inherent risk of AVN due to the proximity to the lateral 
retinacular vessels[2,4,24]. When executed by experienced surgeons, the 
modified Dunn procedure is an ideal option for moderate to severe 
SCFE[4,513,20,28,33].
    Radiographic assessment in the current study demonstrated 
improved all radiographic parameters, indicating normal or near-
normal femoral head-neck anatomy; with significant correction 
of the slip angle and alpha angle, without excessive femoral neck 
shortening. The mean slip angle of the femoral head was corrected 
from 61º ± 14.4 preoperatively to 10º ± 10.1 postoperatively, with 
a mean correction of 51º ± 10. The mean alpha angle was corrected 
from 90.2 ± 21º preoperatively to 49.1 ± 8º postoperatively, with 
a mean correction of 42.1 ± 13.2º. The mean femoral neck length 
difference was 8.1 ± 6 mm. These results were comparable to that of 
many other studies[ 3,5,6,19,20,28] (Table 3).
    In this series, we restored near-normal postoperative ROM. The 
mean postoperative values: were 105.5º ± 15.7º flexion, 42.4º ± 7.4º 
ER in 90º flexion, 36.0º ± 8.5º IR in 90º flexion and 40.0º ± 7.5º 
abduction. This coincided with many other studies[3,6,28]. 
    Functional assessment of our cases demonstrated improved 
functional hip scores to a satisfactory degree. The mean Harris hip 
score (HHS)[30], finally was 86.2 ± 9.6 and the the Heyman and 
Herndon score[32], was excellent and good in 15 cases (75%), fair 
in two cases, poor in two and failed in one. Our mean HHS was 
comparable to that of the series of Sankar et al[24], but lower than that 
of other studies[3,6,20,28,34], which may be attributed to involvement 
of more chronic slips, with some persistent postoperative pain and 
limited ROM because of muscular weakness; which may improve on  
the long-term. Good and excellent results according to the Heyman 
and Herndon score[32] in our series was higher than that in Novais et 
al[5] series, but lower than that in the studies of Cosma et al[19] and 
Elmarghany et al[20], (Table 3). 
    In this study, despite postoperative complications occurred in 6 
cases (30%), major complications occurred in only two cases (10%); 
AVN in one case and secondary FAI due to a bony spur at the head-
neck junction in another case. The final ratings of these two patients 
according to the Heyman and Herndon system[32] were failed and fair 
respectively (Table 4). 
    Femoral head AVN is the most serious complication of SCFE[2-

7,20,24,28,33]. AVN occurred in one of our patients (5%), who showed 
no intraoperative head perfusion. Previously reported incidence 
of osteonecrosis following modified Dunn procedure range from 
0% to 26%[3,5,6,19,20,28,34] (Table 4). The risk is more after unstable 
SCFE[4,24,28,35].
    The mechanism of vascular injury is controversial. It may be due to 
direct injury, such as rupture, kinking, or stretching of the retinacular 
vessels or due to vascular tamponade; secondary to increased 
intraarticular pressure from bleeding. These may result from the slip 
itself or from the modified Dunn procedure; during dissection, due to 
over shortening with resultant vascular kinking, under-shortening, or 
incomplete removal of posteromedial callus[4,28,33,35-37].
    To lessen the risk of osteonecrosis in the treatment of SCFE, 
especially in unstable slips, many authors[2,3,6,28], believed that the use 
of the modified Dunn procedure immediately after the development 
of symptoms would likely benefitial, as it allows a controlled tension-
free reduction with direct visualization of the retinacular vessels[3,22,28]. 
Moreover, Jackson et al[33] demonstrated blood flow restoration in 
four patients by angiogram and in five by intracranial pressure (ICP) 
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neck or subtrochanteric femoral osteotomy[4]. In situ pinning is less 
technically-demanding, with a relatively low risk of osteonecrosis. 
However, its principal disadvantages are the lack of deformity 
correction and residual FAI after higher grades of SCFE, requiring 
secondary procedures[2-7,37]. In situ pinning combined or followed by 
more distal femoral osteotomies may be a safer and less technically 
demanding alternative compared to the modified Dunn procedure[4,5]. 
However, the modified Dunn procedure has the advantage of no 
secondary deformity creation and no second operation[4,6,7,19,28].
    The modified Dunn’s procedure advantages include: (1) correction 
at the site of the deformity allowing normalizing the head - neck 
junction and lessening FAI with its subsequent chondrolabral 
damage and early osteoarthritis; (2) normal hip ROM and function; 
(3) visualization of the retinacular vessels in unstable SCFE 
will lessen the incidence of the retinaulum under tension by the 
callus or when the hip is reduced; (4) capsule decompression in 
unstable SCFE; and (5) no secondary deformity, unlike other more 
distal osteotomies[3,4,5,7,13,20,22,28,33]. The modified Dunn’s procedure 
disadvantages include: (1) technically demanding requiring a steep 
learning curve; (2) not available at most centers; (3) more invasive; 
(4) the risk of osteonecrosis is higher than in-situ pinning and (5) 
many hips with in-situ pinning will do well for long periods[5, 7,24,37]. 
    The selection between use of modified Dunn’s procedure or in-
situ pinning often is based on experience of surgeon[5]. The correct 
meticulous execution of the surgical technique by experienced hands, 
usually achieves favorable clinical and radiological outcomes, with 
low rates of AVN - even in acute and higher-grades of SCFE[7]. 
Zeibarth et al[6], believed it is worth the investment of effort and skill 
for a condition that could have lifelong sequalae in an active young 
population. 
     The limitations of our study include; a relatively small number of 
patients, absence of a comparison group and no long-term follow-up 
data.

CONCLUSIONS
The modified Dunn procedure could be a reasonable, effective and 
safe treatment option for moderate and severe SCFE in patients with 
open physes, as it achieves better radiographic deformity correction 
of the head-neck junction, thus preventing FAI with its sequalae and 
better clinical outcome, with a reasonable complication rate. The 
potential risk of osteonecrosis could be avoided or lessened through 
the safe execution of the procedure, which requires full understanding 
of the hip vascular anatomy and good experience of the procedure.
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