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Abstract

Background Slipped Capital Femoral Epiphysis (SCFE) is a prevalent pediatric orthopedic condition. Treatment
options range from in situ pinning to various osteotomies, with the Modified Dunn procedure gaining significant
attention over the past two decades. However, the suitability of this procedure for different SCFE subtypes and the risk
of avascular necrosis (AVN), particularly in moderate and severe cases, remains controversial. This study aims to report
the midterm clinical and radiographic outcomes of the Modified Dunn procedure in treating SCFE, emphasizing the
factors contributing to AVN development.

Patients and methods We conducted a prospective case series between 2014 and 2022, enrolling patients with
moderate and severe SCFE who were treated using the Modified Dunn procedure by a single experienced hip
surgeon. Patients were followed up clinically and radiologically for a minimum of two years.

Results Thirty-six patients (29 males, 7 females) with moderate and severe SCFE were included, with an average age
of 14 years and a mean follow-up of 49.28 months (range: 24-118 months). Statistically significant improvements
were observed in clinical and radiographic parameters at the final follow-up compared to pre-operative data. Five
patients developed AVN, though no specific risk factor reached statistical significance regarding AVN development.
While most AVN cases occurred early in the learning curve, this trend was not statistically significant.

Conclusion Modified Dunn is a safe and effective option for treating moderate to severe SCFE, offering superior
femoral head realignment and patient-reported outcomes. When performed by experienced surgeons, it results in
acceptable complication rates, including AVN.

Level of evidence Level IV Prospective Case series.
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Introduction

Slipped Capital femoral epiphysis (SCFE) is adolescents’
most common hip disorder [1]. While mild SCFE with a
slip angle of less than 30° can be effectively managed with
in situ fixation, the optimal treatment for moderate and
severe SCFE remains debated [2]. Historically, attempts
to improve capital alignment through open osteotomy
procedures [3, 4] have been associated with high rates of
avascular necrosis (AVN).

Leunig et al. [5] introduced a modification to Dunn’s
procedure, which has since shown favorable outcomes
with low AVN rates in some studies. However, other
studies have reported a high risk of AVN and complica-
tions, questioning the procedure’s reproducibility. Addi-
tionally, most studies have not provided detailed AVN
rates concerning SCFE subtypes in terms of stability and
chronicity.

The primary outcome of this study is to report the
midterm clinical and radiological outcome of the modi-
fied Dun procedure for SCFE, shedding more light on its
reproducibility. The secondary outcome is to study the
effect of different disease-related variables on the inci-
dence of AVN.
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Patients and methods

All cases of moderate and severe SCFE with an open
physis presented to our department between 2014 and
2022 were consecutively included in this prospective case
series. Our algorithm for management of SCFE cases is
shown in Fig. 1. All moderate and severe stable slips with
an open physis (26 in number) as well as acute on top of
chronic unstable slips (10 in number) were treated pro-
spectively by a modified Dunn procedure through safe
surgical dislocation. Mild stable slips and acute slips
without evidence of posterior callus on CT were fixed in
situ (with gentle positioning of the limb in acute ones)
and followed up 6-monthly for clinical evidence of fem-
oroacetabular impingement (FAI), where arthroscopic
osteochondroplasty was performed. Patients with
closed physes were diverted to an extracapsular realign-
ment procedure (Imhéduser osteotomy). Patients with
established osteonecrosis or previously operated hips
were excluded. The study was approved by the institu-
tional review board, and informed written consent was
obtained from the patients’ legal guardians.

All surgeries were performed by the first author adher-
ing to the original Bernese technique described [5]. Gib-
son’s approach was used in all cases [6]. After doing the
tri-gastric trochanteric osteotomy and capsulotomy, the
epiphyseal-metaphyseal junction was assessed, and if
there was any doubt about physeal stability, provisional
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Fig. 1 Patient flowchart with our algorithm for management of SCFE
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fixation with 2 mm threaded K-wires was done. After dis-
location, epiphyseal vascularity was assessed by drilling
using a 2 mm smooth K- wire in the non-weight bearing
area of the epiphysis [7].

Any damage to the labrum or acetabular cartilage was
also documented. To create retinacular flaps, the head
was relocated, and then a longitudinal retinacular inci-
sion was made along the femoral neck anterior to the
retinacular vessels (Fig. 2). In case of stable SCFE where
the retinaculum is stretched and not torn, an addi-
tional transverse incision was done anteriorly at the epi-
metaphyseal junction away from the retinacular vessels
to make an L- shaped incision [8]. Apophyseal osteotomy
was done in 5 cases. However, the apophyseal fragment
was usually large, which made reduction at the end dif-
ficult and may need additional screw fixation. Instead, we
continued subperiosteal dissection of the posterior reti-
naculum using a scalpel, helped with small periosteal ele-
vator on the posterior aspect of the neck proximally and
on the posterior aspect of the femur distally gradually
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with internal rotation of the hip to facilitate the expo-
sure, till a small part of the posterolateral stable trochan-
ter proximal and dorsal to the apophyseal line to which
the retinaculum with external rotators is still attached
remained. This bony chip was separated using a straight
osteotome through the cut surface of the trochanter till
reaching the medial cortex, which was broken by lever-
aging the osteotome in a posterior direction. This is one
slight modification of the original described technique of
apophyseal osteotomy. After completion of the posterior
retinacular flap, the hip was then redisclosed, and sub-
periosteal dissection was made for the anterior flap. The
threaded wires fixing the epiphysis were then removed.
The epiphysis was manually stabilized to avoid accidental
tension on the retinacular vessels.

The Callus on the posterior aspect of the neck was
removed using a straight osteotome. Then, curettage of
the proximal stump of the metaphysis was done followed
by curettage of the remainder of the growth plate from
the inside of the epiphysis. This creates enough neck

Fig. 2 A) L-shaped anterior retinacular incision (white arrow) in stable SCFE. B) Subperiosteal dissection with a scalpel was made for the posterolateral
retinacular flap. C) Anterior (white arrow) and posterior retinacular (black arrow) flaps. D) To complete the separation of the posterolateral flap, the small
remaining bony chip of the posterolateral stable trochanter (Black arrow) was separated using a straight osteotome through the cut surface of trochanter
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shortening to allow reduction of the epiphysis without
too much tension on the retinacular vessels. After this
step, the epiphysis was manually reduced on the metaph-
ysis. The position of the retinacular vessels on the pos-
terolateral aspect of the neck guided the correct rotation
of the epiphysis. Further adjustment of the Varus /valgus
and ante/retroversion orientation of the epiphysis was
performed. When a satisfactory position was obtained,
temporary fixation using threaded K-wire in a retrograde
fashion was performed. (Fig. 3)

The head was then relocated. Vascularity was
rechecked, and an image intensifier was used to check
the wire position. When a satisfactory wire position was
obtained, another guide wire was inserted to increase fix-
ation of the epiphysis and to avoid rotation of the epiphy-
sis during drilling and screw insertion.

A 7.3 cannulated screw was drilled and inserted over
the first guide wire. After checking the final screw posi-
tion, the hip was tested for stability, and then an approxi-
mation of the periosteal sleeve and capsule with loose

- N
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sutures was made. Trochanteric fixation was done using
two 4.5 mm cortical screws. The tiny chip of the stable
trochanter released with the posterolateral retinacular
flap was approximated to the trochanteric fragment using
absorbable sutures.

Weight-bearing and active abduction were restricted
for six weeks. Then, gradual weight bearing and active
abduction were allowed until 12 weeks. Afterwards, com-
plete activities were permitted.

Preoperative clinical evaluation included stabil-
ity according to the Loder classification [9], chronic-
ity according to the Fahey and O’Brien classification
[10], the Harris Hip Score (HHS) [11], and the Western
Ontario and McMaster Universities osteoarthritis index
(WOMAC) [12] score. Post-operative clinical assessment
was scheduled for six weeks, 3, 6, and 12 months and
annually after that. At the last follow-up, the functional
evaluation included a range of motion (ROM), clinical
scores, Drehmann's sign [13], and the FADIR (Flexion
Abduction internal rotation) test [14]. The preoperative

Fig. 3 A) The bony chip was broken by bending the osteotome posteriorly. B) exposure of the posterior neck osteophyte (white arrow) after complete
separation of the physis with anterior and posterior retinacular flaps. C) Capital realignment and guide wire fixation. D) Approximation of the posterior

bony chip by Vicryl sutures (white arrow)
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Table 1 Showing the patients’ demographics and baseline
characteristics
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Table 2 Showing the clinical outcome pre-operatively and at
the final follow-up

Number (percent) Pre-operative Final Follow-up p-value
Sex HHS (31 hips) 55.81+550 89.65+527 <0.001
Male 29 (80.6%) Excellent 19 (52.77%)
Female 7 (19.4%) Good 12 (33.33%)
Side Fair 0 (0.0%)
] Poor 0 (0.0%)
Right 14(38.9%) WOMAC score (31 hips) 86.50+3.78 3.15+£2.22 <0.001
Left 22(61.1%) Pain 1731416 0.86+157 <0001
Stability (Loder classification) Stiffness 6644089  0.69+1.24 <0001
Unstable 12 (33.3%) Function 62.29+3.73 258+149 <0.001
Stable 24 (66.7%)
Chronicity (Fahey classification) Table 3 Radiographic outcomes
Acute 2(5.6%) Preop  postop Last follow p-
Acute on top of chronic 22 (61.1%) up value
Chronic 12 (33.3%) Slip angle (36 hips) 64.56 17.78° NA <0.001
Severity (Southwick classification) °+950  +5.85
Moderate 10 (27.8%) Alpha angle (31 hips) NA NA 56.97°+5.10
Severe 26 (72.2%) OA (Tonnis NA NA 0:29 (93.6)
classification) 1:2 (6.4%)
(31 hips) 2:0(0.0%)
3:0(0.0%)

radiological assessment included the slip angle on the
frog-leg or cross-table lateral x-ray. In cases with a doubt-
ful state of the physis, a CT scan was done to confirm the
presence of an open physis. At the final follow-up x-rays,
the following parameters were measured: the slip angle
[1], alpha angle [15], grading of OA according to Tonnis
classification and heterotopic ossification (HO) according
to Broker et al. [16] (see Fig. 6).

Statistical analysis

Descriptive statistics were reported for all variables. Chi-
squared and two-sample t-tests were used to compare
categorical and metric data. The level of significance was
set at p<0.05. All analyses were performed using SPSS®
software version 27.

Results

Patient demographics and baseline characteristics

(Table 1)

The study included 36 patients (29 males and 7 females)
with an average age of 14+1.19 years and a mean fol-
low-up period of 49.28 months+23.10 (range 24-118
months).

Operative data

The average operative time was 11544 min+21.72,
and the intra-operative blood loss averaged 581.03
ccst173.42. Areas of cartilage roughening, and delami-
nation were found in 2 hips (5.5%) and partial labral inju-
ries that needed only debridement were found in 4 hips
(11.1%). Partially threaded cannulated screws, 7.3 mm
in diameter, were the preferred method of fixation in all
cases except only one case (2.8%) that was fixed by 2-mm
threaded K-wires.

(NA) not available

Only one intraoperative bleeding test was negative
(2.8%). Regarding intra-operative physeal stability, 16 hips
(44.4%) were unstable, and 20 (55.6%) were stable. Four
clinically stable SCFE were found to be unstable intraop-
eratively. No patients with clinically unstable SCFE were
found to be stable at the time of open procedure.

Clinical and radiographic outcomes (Tables 2 and 3)

Five cases developed AVN at a mean of 7.8 months
after the operation. For the remaining 31 hips, the HHS
and the WOMAC scores showed statistically signifi-
cant improvement at the final follow-up with a mean of
89.65+5.27 and 3.15+2.22 respectively. Four patients
showed a positive Drehmann sign (11.1%), and three
(8.3%) had a positive FADIR test at the last follow-up
visit. The average final ROM was 109.68° £11.40 flexion,
17.90 °15.13 adduction, 40.65° +4.61 abduction, 45°+4.08
external rotation and 39.19° £5.64 internal rotation. For
all 36 hips, the mean postoperative slip angle was 17.78 °
15.85 compared to preoperative slip angle of 64.56 °+9.50
(p-value<0.001). For the remaining 31 hips, the final
alpha angle averaged 56.97° * 5.10. No patient developed
heterotopic ossification. No signs of OA were observed in
29 hips (see Figs. 4 and 5). Only 2 hips showed grade 1
OA according to Tonnis classification.

Post-operative complications

Five patients developed AVN of the femoral head (13.9%),
out of which 4 cases had a positive bleeding test intra-
operatively (Figure 6). Four AVN cases occurred in the
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Fig.4 A)and B): Preoperative radiographs of a 14-year-old male patient with acute on top of chronic SCFE. C) and D) Final follow-up x-rays done ten years
after the surgery show no evidence of AVN or hip osteoarthritis with complete healing of the osteotomy site

first half of cases compared to one in the second half
(p=0.338).

Looking at the risk factors for the development of
AVN, none of the following factors showed statistical sig-
nificance pre-operative (p=0.733) or intra-operative sta-
bility (p=0.829), severity of slip (»=0.104) or chronicity
(p=0.818).

One patient developed chondrolysis (2.8%), and one
patient (2.8%) had hardware penetration (K-wire) into
the hip, which was surgically removed.

Discussion
The results of this case series demonstrate that anatomic
reduction with restoration of proximal femoral anatomy
is possible with the modified Dunn procedure for moder-
ate and severe slips. This concords with studies reporting
good clinical and functional outcomes for moderate and
severe SCFE.

The mean postoperative slip angle was 17.78 ° +5.85
as opposed to 64.56 °+9.50 preoperatively, a statistically

significant improvement. The residual malalignment in
some cases may account for the positive Drehmann sign
and the FADIR test in a small number of cases at the
latest follow up visit. The preoperative labral and carti-
lage injuries documented during the procedure could
have resulted in the early osteoarthritic changes (T6nnis
type I) changes seen in two hips at latest follow up. It is
expected that some of these visible changes in addition to
other invisible/subclinical changes could result in osteo-
arthritis in a larger number of hips with further follow
up. Their relation to osteoarthritis in cases with SCFE
cannot be fully stated due to the small number of cases of
osteoarthritis in this series with a mean follow up of only
49 months.

When it comes to the incidence of AVN, we reported 5
cases of AVN (13.8%). The reported incidence of AVN in
the literature has been highly variable. Results of the Ber-
nese experience showed 0% AVN [5, 17]. However, higher
rates were reported in many other studies [18—20]. Most
published case series reported rates between 4% and
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Frog Legs p Osition

Fig. 5 A) and B): Preoperative radiographs of a 13-year-old female patient with chronic stable SCFE. C) and D) Final follow-up x-rays done seven years
after the surgery show no evidence of AVN or hip osteoarthritis with complete healing of the osteotomy site

19.7% [21-25]. There was a tendency for lower rates
of AVN in this study further along the learning curve,
although of no statistical significance, a finding reported
by many authors [18, 19, 26, 27].

Conversely, Novais et al. [28] found no effect of a learn-
ing curve on the rate of AVN. The technical complexity
of the procedure can explain this. To precisely calculate
the rate of AVN, it should be performed by one or two
surgeons at each institution after having previous train-
ing. Nevertheless, the number of cases should be large
enough to compensate for that steep learning curve. To
mitigate the effect of the steep learning curve, surgi-
cal training supervised by surgeons experienced in the
modified Dunn procedure is of utmost importance. The
use of video recordings of entire procedures for later
review by the senior and assistant surgeons as well as the
trainees, linking them to clinical findings during follow
up of the cases may be of help especially in low volume
centers. Real time or periodic telecommunication with
other centers and the exchange of remarks could further

augment the learning capacity in low volume centers.
Souder et al. [27] suggested focusing the surgical expe-
rience of the modified Dunn on one (or at most a few)
surgeon(s) in each hospital should give the best chance
for better results. Based on their results, Upasani et al.
[19] modified their practice and suggested that a high-
volume surgeon must be present during each modified
Dunn procedure. This in our opinion poses great diffi-
culty in surgical settings where an experienced surgeon is
not available to perform such a demanding procedure in
considerable volume. This is a challenge for low-resource
areas where SCFE slip angles could still be presenting in
moderate and severe degrees, which affects the quality
of the management of these young adolescents and pre-
disposes them to early osteoarthritis caused by impinge-
ment or indeed by AVN.

We found no significant difference in the rate of AVN
between stable and unstable SCFE, which is considered
a controversial aspect of SCFE management. Davis et al.
[22] compared stable to unstable SCFE, reported a higher
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Frog Legs pOsition

Fig. 6 A) and B): Preoperative radiographs of a 12-year-old male patient who presented with acute on top of chronic SCFE. C) An immediate postopera-
tive x-ray showed a varus reduction of the physis. D) A follow-up x-ray at ten months showed the development of AVN

incidence of AVN in stable SCFE and recommended
against using the modified Dunn procedure in stable
SCEE. Similarly, Souder et al. [27] compared modified
Dunn and in situ pinning in stable and unstable SCFE. In
stable SCFE, there was a significantly higher rate of AVN
when using the modified Dunn procedure. In unstable
SCEFE, there was no significant difference in the rate of
AVN.

Similarly, Siroklak [29]reported a high rate of AVN in
stable SCFE managed with modified Dunn and advised
against its use in severe stable SCFE. Conversely, other
authors reported a higher incidence of AVN in unstable
SCEFE [30-32]. Using anterior subcapital shortening oste-
otomy in sever SCFE, Mallet el al [33] emphasized that
the main risk factor for developing AVN is the unstable
nature of SCFE and not the surgeon’s experience.

The minor modification of the apophyseal osteotomy
was resorted to in almost all cases in this series. Hence,
a comparison to the original technique as a cause for
AVN was not possible. A randomized controlled study is

needed to establish any risk vs. protective effect of such a
modification for the development of AVN.

Hip instability is another devastating complication after
the modified Dunn procedure [19, 34, 35]. Upsani et al.
[34] reported a 4% incidence of hip instability after modi-
fied Dunn procedure for severe chronic SCFE. Chronic
external rotation contracture, excessive neck shortening,
and valgus reduction are possible factors. However, in
our series, we had no cases of hip instability.

Another controversial aspect is comparing the results
to in situ pinning, especially in severely stable cases.
Novais et al. [28] compared the modified Dunn proce-
dure and in situ pinning for severe stable SCFE. At the
short-term follow-up, the modified Dunn procedure
resulted in better deformity correction, less hip pain and
better ROM than in situ pinning. Regarding complica-
tions, there was a relatively lower complication and reop-
eration rate compared to in situ pinning. However, they
emphasised that these results were only for experienced
surgeons. Unlike inadvertent reduction and percutaneous



Page 9 of 15

(2025) 20:14

Abdelnasser et al. Journal of Orthopaedic Surgery and Research

NAY O Aujigeasurdiy | EEIEN
JUSWAOASP SY3 YHIM P3IRIDOSSE SBM J01DRS3SI |4 A1epu0das 9 5e2
oY12ads ON "34DS 249A3S YHM 535D Ul NAY 4O JusW aun|ley Sl F aAlDads  [07] ZZ0T
-dojanap oy 104 yst ybiy e saliied ainpadold ay | alempiey | (YN) 2 11/8 sieake| | ) UN N 61 Al -0)19Y ‘eueqen
LIES
EN:b)
J4DS 9]geISUN 2I19AS JO JUSWIILI} BY3 Ul uung 24 sleak aADads  [8€] zz0T
pPaLIpOW 01 }Nsal [enba sey AW0109150 WO2UND) SISAjoIpuoyd 7 8/0 ¥2//l 6VL-G L1 N 1t/0 SIeak y—¢ It Al -0l19Y  ISIUINo4
aun|ley
2lempiey
34D 3|ge3s ‘Dluoiyd yim syuapred SUOIIBDYISSO
Ul UOIINeD Y1M pasn 9q pjnoys 3 ‘sia1aweled oidojosmay EIES
DIUO}BUE [RIOW) [PWX0Id 33 JO UOIIRIOISI uo1edOISIP EN:b)
10LRJUI YM J4DS 3]gels yum sjuaired Ut Ayjigelsul 10 uopnexn| gEeL+ onads  [zzl 610
diy pue NAY 104 3isk 1aybiy e sapied ainpadoid ay -gnsdiy ¢ /S 4N s1esh szl dN - Le/LL SYruow 6/¢ 14 Al -0l19y siAeqg
UOID3jul pUNOM
[epydns 4
Ayyedoinau
oneps |
Ad L
As|ed
'S9SBD 9|grISUN Ul JuswdoRasp NAY Pulpiebas aaiau [esuoiad SEIEN
s)nsal [eD0AINDS papiroid 1| Bulioyuow aAllelado V4 Z ENb)
-RI3UI YUM PaUIqUIOD 340§ |qess ul ainpado.d suonedo|sip (S/1-56) anidds [1a
uung paYIpolA ay3 buisn papuawiuwiodal Asy | diH £ SL/S 9//96 SIeRAGEl v6/8L 1L/L01 (T6-1)s1eak /T 8/1 Al -0l1vY  1Z0C Mg
=IES
pujuuid snosueyndiad 58D
pue uonRINPaJ Pasold 03 paledwod JuawdoRAsp sleak aADads  [97] 710T
NAY 104 3jst1 12yb1y e saused uung payipo dN 9/0 9/9 SlLel dN /0 dN 4 Al -0l19y ‘SoAlY
SEIES
502
34DS JO SULIOJ IDASS PUR 3}RISPOW J0j Uondo uopexnigns e (09-€1) aAlDads  [0€] 1207
JuaWIea1} 3514 Y3 s} 8inpado.id uung paYIpoy diH | /0 G/SC FS0€l 191 LL/6L SYIUOW 9¢'S 0¢ Al -0l19y ayseby
Sol9s [8l9lo0c
31bue dijs ybiy yim 34D 3|geis Ul uop sleak (ov-21) EN-BENNIRIEEYZIETe]
-do Juauulea} ajes e sl UNPadold uung PaYIPOn dN 0/1 G/9C glFeVL LL/1e 0/ce Sypuow L ¢ 43 N ->3dsoid -qv
(340S s1qe3s (2bued A4 3408
-un /a|qeis) oqags¥F opis d|gels (9buerioqgs sdiy
suonedidwod NAY YHMm  3jewad/aley uealy) ped} -unsp Fueaw)poudd Joidq  IDUIPIND Apnis
SUOI}EPUBWILIODD/SUOISN|DUOD) I9Y1Q S9sed Jo JaquinN X3S aby -)¥ 9|qers dn-mojjo4 -wnpN joPAe1  joadAy CTRIILY]

S3IPN3S JU42YIP Ul 21Npad0id uuNg PaLIPOW JO s} Nsal 243 JO Alewwng ¢ ajqer



Page 10 of 15

(2025) 20:14

Abdelnasser et al. Journal of Orthopaedic Surgery and Research

suolelado-a1 pauue|dun pue s1soIdau0a1so JO VHL 0} Apnis
uolpodoud Jejiuis e yim saulodino dlydeibolpel SUOISIDAUOD § (X 110402
pUE [BDIUI|D J9139G SMOYS 1l ‘J4DS 9|GRISUN JO Sased ain|ie} -8'11) (I'e-81) aAads  [87]1610T
10y Butuuid nys up 03 ainpadoid sy bunedwod alempiey | / Z1/S1 sleakgzl N 12/0 sleak 7 /T 1 -0119Y ‘SIPAON
VHL Apnis
"34DS 219A3s 3|geIs Ul buiuuid njs Ul O} UOISISAUOD | 110Yy0d
01 paJedwod sainies) d16ojoydiow [eIows) J19119q ain|ie} 9AIDads €] 510C
pue 33eJ uoedldwod Jejiuis e sey ainpadoid ay| alempiey | 0/1 4N 4N 4N 0/51 (9-1) sIp9A 67 Sl I -0113Y 'SIPAON
"91el uoned|dwod ybiy J1ay3 104 pajunodde VHL SIS
yoiym ‘aunpadoid ay3 Jo annd buiuies| ybiy pue 03 UOISISAUOD | ENzS)
A3xa|dwIod [eo1uyd3} 943 pabpajmoude sioyine uonRdAYUI (91-01) #8-71) aAlDads  [1€]610T
3y} urebe alsym Apnis JS3USdRINW B Sem S|y | [epyIadns | 8/ 0l1/01 sleahzy 8/51 9/51 SYuow o 1z -012y  ofinbsepy
"34DS JO sadAy ||e 1oy uondo ayes
B Se PaIaPISUOD Sem ainpadold ayy pue ‘payiodal SIS
219M SUOIeDI|dWOD J3Y10 ON "NAY JO S358D 7 suopedydwod (0z0101) (8 01 ased oAl [1+] €107
AJUO pey SIoyIne ay) ‘'salias 95ed A|1ea Siy3 uj 19410 ON /0 yl/yL sieakeTl UN ZL/LL #2) SYuow 98¢ 74 Al ->adsold ‘uepe
SIS
"NAY JO 9DUSPIAS OU UM ‘Syjuowl El k)
GG Jo abeiane ue 1oy Juaied ayy pamo||of Aoy | aIn|iey (/1-01) )96—177) 9AI3ads [s] 2002
‘2Inpadoid 3y} PaQLIISIP SIS 958D [RUIBLIO 3y alempiey ¢ 0 YN sleah gy €T/l N Syluowl G5 0§ Al -0119Y ‘Bluna
suonuUaAIIUI [edIbINS SIS
J2YHNY Pa2U YBIW YDIYM |4 JO JusWdoanap |y A1epuodas ¢ Elyzh)
93 10} 1d20X3 J4DS 2I9ASS UYIM S3SED JOJ 1BJ UOI} ain|ie} T aAIDads  [#11610T
-ed]|dwod a|geidadde ue sallled ainpadold ay| alempley | MN) GE/G9  sleakg| 08/0C  0£/0/ (0Z—¥) sywow g o Al -0113Y 'YoIa
‘peay [eIoWd) Ay}
03 MOJ} POO|q dAl3elado-aid BuiAey $35ED XIS UM
uoisnyad Jo sSO| padnpul-2iNpad0.Id Ou sem alay |
“JO}UO\ 21nssaid |elueidRIUl
ue buisn uoisnyad Jo uonen|eAs aaljelado-eljul
ue AQq pajuawa|ddns ‘34DS 9|geIsun Yum sased
ul uoisnylad [eay [eJowdy ssasse 03 AjaAlzelado SIS
-150d pue-aid pawnioyiad sem Aydeiboibue 6-11) 9seD dAI}  [0%] 810T
AJ9HE [PJOUWR) XSJWNDIID [PIPDU SAI}DR|9S-12dNS (YN) (3|geasun)z /S slesk 7zl NN 6/0 syluow 7z 6 | -dadsoud ‘uosyer
uojun-uou
D1I2JURYD0I} 7
VHL1 0}
'sdi|s 9|ge1s 219A3s SUOISIDAUOD 6 110402
pue a3esapowl ul butuuid nyis ur 03 patedwlod NAY ain|ie} 61F aAads  [£7] 170T
JO3sid [enba ue sapued ainpadoid uung PaYipow alempley ¢ (YN) 91 /1/6G sieakog¢| oy/SE UN CCFSIeL /G 18 Il -o9y  'endjen
(340s °1qe1s (9buey 144 3408
-un /3|qess) 10QasF apis ?d|geis (ebuerioqgs  sdiy
suonedjdwod NAV Ym  djewad/aley uedly) Ppa1d) -unsp Fuesw)poudd Joiaaq  IdUIPIAD Apnis
SUOI}EPUBWIWIODD/SUOISN|DUOD) 19yl sosed Jo Jaquiny X95 by -V 9|qe1s dn-mojjo4 -wnpN joPAel  joadAy 3PNy

(PonunuOod) t3)qelL



Page 11 of 15

(2025) 20:14

Abdelnasser et al. Journal of Orthopaedic Surgery and Research

*anbiuyda} UUNQg PRYIPOW 8y} PaJayo

219M dIjS 3Y1 JO Y 7 UIYIM Pa1eal} 9 UeD OYym
sisAydelsw ay1 JO Bul|[opOWal JIUOIYD PILU YIM
JusWade|dsIp [easAydids (s9a163p 0S <) 219A3S
31n2e Yym sjuaied Ajuo ‘Ajjleuonippy 2inpadoid
4oes e Juasaid uosbins padusiadxs ue buiney
Aq 22112e.d J1I9y3 payipoul A3y} ‘0§ "SaW0dIN0 pue

SWINJOA UO3BINS UMD dIYSUOIR|I 3SIDAUI SEIEN
Ue pajeanal Apnis 3y “34DS JO SWIOJ e Yim ENzs)
Syualied JO JUSUWIHNIDSI SAIINIISUOD PIA|OAUL [T aAnDads  [611+10T
1ey1 9dUaladxe 213Ua2-3|BUls e sem Apnis ay | N (YN) Ol Gz/8l  Sleakgl //0l  9z//L s1eak 97 cp Al -0y ‘luesedn
'SUOSEaJ JUDIDYIP 10} S93eJ Uoljelado-al
9|gesedwod pey sdnoib yiog ‘|[eJan0 4I9AIMOY
‘3405 249A3s Ul A13Jes sainpadoid ayy 1sujebe
suoldidsns pasied siy] "dnolb nyis-ur ay3 Ul NAY SIS
padojansp auou 3jIym ‘NAY padojaaap siusied El k)
9244 "34DS 249A3S Ul AJUO UONeXY NS U] O} 2INp VHL 0} ¢TTF oAlDads  [/€]18107
-9201d uunQ payipow ayi paseduwlod Apnis ay | SUOISIDAUOD 7 ¢ 1/7T sleakeel L1721 0/67 97 Fsledf ¢y 6¢C Al -0139Y  ‘Oul|osliL
“AYNdWIp [eD1UYD3) 3 dUdSIP ‘NAY pado
-[oAsp dnoib Aw0303350 Jeue(d-1y ayy Ui syusiied
Ou }seJ3u0 Ul ‘dnolb uuNg PayIpouUl ay3 Ul 2J9M
NAY padojansp oym sased § JIay3 |je se sased
3|geIs Ul 2inpadoid uung Payipow ay3 Jo asn ayy VHL 0}
1surebe pasiape Aay] ‘Au0}09150 [eiowd) Jeued-1} SUOISIDAUOD 7 110y0d 67]
3y} pue ainpadold uung payipow ay3 :sainp aIn|iey 61F aAdads 6107 e
-9201d om} pasedwod Apnis siyy Jo sioyine ay | alempiey ¢ % 9/8 sleak |'g| 4N 0/7l 68 F SYuow 67 pl , -0113Y -RIONIS
(9%92) NAY Buipnput suonedijduwiod
JOSH 3|QRISPISUOD B UM INg ‘sid3awieled [eIILIO}
-eue ay3 buoysal ur ainpadoid sy jo Ayuonadns VHL S91IS
9y pajelisuowap ulebe 3| ‘Ajuo 341G 3geIsun O} UOISISAUOD | ENzh)
Yam syuanied papn|oul osje papnjpul ydiym aIn|iey (91-/'6) fslad aADads  [811€107
Apnis 193uadinw payiodail 351y 3yl Sem siy alempiey / 0l//1 siesfkoz| 31/6 /7/0  Fsywow €7e Vad Al -0113Y ‘leyjueg
‘91eJ uoledldwod a|geidadde yim
34D 9|geIsun 4o} 3INpad0id SAIDRYS pue djes e SIS
sem ainpadcoid uung payipow ay3 eyl papnjouod 8l ENzh)
3 'PoNNIOSI 219M F4DS S|geisun JO S95ed | ¢ ain|ie} TA)) (c8-zl) oAads 471 810¢
219ym ‘Apnis uoabuns a|buls e sem Apnis ay | alempiey | z S1/SL adl 0z/L1 L£/0 SYIUoW €67 K Al -0l19y  19buisiad
(34Ds °1qe1s (9buey 144 3408
-un /a|qess) 10QgsF aplis ?d|geis (ebuerioqgs sdiy
suonedjdwod NAY Ym  djewad/aley uedly) Ppa1dR) -unsp Fuesw)poudd Jouaq  IdUIPIAD Apnis
SUOI}EPUBWIWIODD/SUOISN|DUOD) 19yl sosed Jo Jaquiny X95 aby -V 9|qe1s dn-mojjo4 -wnp joeAe1  joadAy 3PNy

(PonunuOod) t3)qelL



Page 12 of 15

(2025) 20:14

Abdelnasser et al. Journal of Orthopaedic Surgery and Research

Aisejdoayuiy diH [e10] :yHL ‘sisoquioy | snoudp daaq 1 AQ Qusawabuidwi Jejngeladeoiowa :|y4 ‘parioday 10N YN ‘SIS0IdN Jejndseny :QNAY ‘siskydida jetjowa4 jeuded paddis :340s

*NAV Buipnpui ‘sajel uonedijdwod paydad
-3e yum suoabins pasuauadxa Aq paw.oyiad
A|9yes aq ued 3| 'sawodino payiodal-juaned

panowsal
Ajjea1bans sem
Yyaym ‘diy ayy
ojul (a11m-))
uonesnsuad
alempiey pey

‘(syauow

pue jJuawubijeal peay [eiowdy Jo11adns SIPIA (%8°7) uo 8L L-tz abues) Sa9s
-04d 1] *34DS 24995 01 deIdpOoW Hunea.y 1oy (%8°7) 0L'€ZFsyuow 5B 9AI}
uondo ajes e s ainpadoud uung payipow 3yy  siskjoipuoyd | (443 L/6T 6LLFYL  TTUPL TLWT 86y  9f Nl ->adsoud  ApnisunQ
aln|ie}
alempiey ¢ =IES
'34DS JO swioy V4 L ased
219A3S PUE 91RISPOW 104 2INpadold ayy payioddns SUOIBDYISSO (81-6) aAdads /116002
A8y 'NAY padojansp 1uaiied ou ‘sass ased siyi uj 21d010IBIBH 1 0 €e/LL s ekl 8¢/cL  TlL/8C (8-1)sieah g¢ (014 A -0l19y Yuegelz
‘AMjige3sul diy 21n3ng JO S9OUBYD 3Y3 2dNPai 0} 158D
321ISWO0IJ JO 9JBIG UORDINPGE Ue Jayie buisn
Buidelq Jo pouad e wol 1yausq 1ybiw syusned
ay1 1eyy pasodoid sisydleasal ay | Aujigeisul diy EIIES
Jouajue annelado-1sod padojanap syuaned uaayus - Ajigeisur diy g 95eD
-A3G "aInpadolid sy Jaye Aljigelsul diy diusbouiel VHL 0} 9ADads  [¥€] £10T
21e61359AU| 0} Sem ApN3s aU3 JO WIe ulew ay | SUOISIAUOD € (UN) #1 //0L  sleakg| N //01 sleak 7 /1l Al -ol12y  ‘luesedn
(3405 s1qe3s (ebues nAd 3408
-un /3|qess) 10asF apIs 9|gels (9buersoqgs sdiy
suonedjdwod NAY YHMm  djewdd/ale uedly) PpaR) -unsp Fueaw)poudd joaaq  IdUIPIAD Apnis
SUOIIEPUAWILIODD/SUOISN[DUOD) I9YlQ S9sBd JO JBqUINN PEIN aby -y 9|qers dn-mojjo4 -wnpN JoPAa7  joadA] PNy

(PanunuU0d) ¥ 3jqelL



Abdelnasser et al. Journal of Orthopaedic Surgery and Research

pinning for unstable SCFE, Novias et al. [28] concluded
that the modified Dunn procedure provided better clini-
cal and radiographic outcomes with a similar proportion
of osteonecrosis and unplanned re-operations. Nectoux
et al. [36], in a multicenter retrospective study of 222
hips managed with in situ fixation and followed-up for a
minimum of 10 years. They concluded that in situ fixa-
tion led to impingement in moderate to severe initial slip
displacement. The threshold for in-situ fixation should
be 35 ° slip angle, beyond that other options should be
considered.

On the other hand, Trisolino et al. [37] reported simi-
lar findings regarding better deformity correction and
lower early reoperation rate; the rate of AVN was higher
in the modified Dunn group compared to in situ pin-
ning for severe stable SCFE. Comparing the modified
Dunn procedure to other osteotomies, Sikora-Clark et
al. [29] advised against using the modified Dunn proce-
dure in stable SCFE patients and favoured performing
Imhauser osteotomy based on their rates of AVN. Four-
nuier et al. [38] compared Anterior cuneiform osteotomy
with modified Dunn procedure in unstable sever slip.
Although clinical and radiological outcome were simi-
lar, Cuneiform osteotomy reported less AVN rate than
Dunn. Table 4 summarizes the results and complications
of most of published studies using the modified Dunn
procedure.

Intraoperative femoral head bleeding or intracranial
pressure measurement (ICP) effectively identifies patients
at risk of developing AVN [39]. It is a safe, real-time tool
for intraoperative assessment of the femoral head perfu-
sion [40]. Madan et al. [41] demonstrated high femoral
head active bleeding specificity in predicting AVN. None
of the four cases that developed AVN in their series had
active bleeding from the femoral head before dislocation
or after reduction. Similarly, Jackson et al. [40]. demon-
strated that the absence of blood flow by ICP monitoring
strongly predicts AVN. Contradictory to these results,
Upsani et al. [19] found that intraoperative femoral head
blood monitoring did not correlate with outcome. In
their series, five patients had no intraoperative bleeding
from the femoral head. However, only one of these five
patients developed AVN. However, nine patients devel-
oped AVN who either had bleeding from the femoral
head or triphasic waveforms with ICP monitoring of
femoral head perfusion. Sankar et al. [18] reported four
patients with AVN despite confirmed blood flow after
fixation. Our results align with those of Upsani et al. and
Sanker et al., where 4 cases developed AVN despite posi-
tive bleeding test intraoperatively. ICP monitoring could
improve the outcome by optimising femoral head perfu-
sion throughout the surgical procedure by alerting the
surgeon to decrease femoral head perfusion after specific

(2025) 20:14
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steps that stretch the retinaculum and decrease femoral
head perfusion [19, 21, 40].

The main limitation of our study is the absence of a
control group to compare the procedure’s effectiveness
to, but the lack of cases can explain this. A larger num-
ber of cases or a longer follow up of the existing series
might result in correction of a possible type II error and
increase the power of this study in order to establish cau-
sality as regards a devastating complication like AVN.
However, our findings can be considered robust evidence
because they are a prospective case series compared to
other published studies, which were retrospective. Addi-
tionally, having all the cases performed by the same
surgeon enabled us to judge and estimate the learning
curve of the procedure accurately. Consistency in per-
forming the steps of the surgical technique, the vigilance
and meticulous assistance by the helping team of other
surgeons as well as accurate documentation of intraop-
erative findings are key to building up experience and
climbing up the steep learning curve.

Conclusion

Based on our findings, the modified Dunn procedure is
a safe option for treating moderate to severe SCFE. It
provides superior femoral head realignment and patient-
reported outcomes. It can be safely performed by expe-
rienced surgeons with accepted complication rates,
including AVN.
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