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Abstract
Background The modified Dunn procedure has the

potential to restore the anatomy in hips with slipped capital

femoral epiphyses (SCFE) while protecting the blood
supply to the femoral head and minimizing secondary

impingement deformities. However, there is controversy

about the risks associated with the procedure and mid- to
long-term data on clinical outcomes, reoperations, and

complications are sparse.

Questions/Purposes Among patients treated with a
modified Dunn procedure for SCFE, we report on (1) hip

pain and function as measured by the Merle d’Aubigné and

Postel score, Drehmann sign, anterior impingement test,

limp, and ROM; (2) the cumulative survivorship at mini-
mum 10-year followup with endpoints of osteoarthritis

(OA) progression (at least one Tönnis grade), subsequent

THA, or a Merle d’Aubigné and Postel score \ 15; (3)
radiographic anatomy of the proximal femur measured by

slip angle, a angle, Klein line, and sphericity index; and (4)

the risk of subsequent surgery and complications.
Methods Between 1998 and 2005, all patients who pre-

sented to our institution with SCFE were treated with a

modified Dunn procedure; this approach was applied
regardless of whether the slips were mild or severe, acute

or chronic, and all were considered potentially eligible

here. Of the 43 patients (43 hips) thus treated during that
time, 42 (98%) were available for a minimum 10-year

followup (mean, 12 years; range, 10–17 years) and com-

plete radiographic and clinical followup was available on
38 hips (88%). The mean age of the patients was 13 years

(range, 9–18 years). Ten hips (23%) presented with a mild,

27 hips (63%) with a moderate, and six hips (14%) with a
severe slip angle. Pain and function were measured using

the Merle d’Aubigné and Postel score, limp, ROM, and the
presence of a positive anterior impingement test or Dreh-

mann sign. Cumulative survivorship was calculated

according to the method of Kaplan-Meier with three
defined endpoints: (1) progression by at least one grade of

OA according to Tönnis; (2) subsequent THA; or (3) a

Merle d’Aubigné and Postel score \ 15. Radiographic
anatomy was assessed with the slip angle, Klein line, a
angle, and sphericity index.

Results The Merle d’Aubigné and Postel score improved
at the latest followup from 13 ± 2 (7–14) to 17 ± 1 (14–

18; p\0.001), the prevalence of limp decreased from 47%

(18 of 38 hips) to 0% (none in 38 hips; p\ 0.001), the
prevalence of a positive Drehmann sign decreased from

50% (nine of 18 hips) to 0% (none in 38 hips; p\0.001),
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and both flexion and internal rotation improved meaning-

fully. Cumulative survivorship was 93% at 10 years (95%

confidence interval, 85%–100%). Radiographic anatomy
improved, but secondary impingement deformities

remained in some patients, and secondary surgical proce-

dures included nine hips (21%) with screw removal and six
hips (14%) undergoing open procedures for impingement

deformities. Complications occurred in four hips (9%) and

no hips demonstrated avascular necrosis on plain
radiographs.

Conclusions In this series, the modified Dunn procedure

largely corrected slip deformities with little apparent risk of
progression to avascular necrosis or THA and high hip

scores at 10 years. However, secondary impingement

deformities persisted in some hips and of those some
underwent further surgical corrections.

Level of Evidence Level IV, therapeutic study.

Introduction

In situ fixation has been the most commonly performed

treatment in hips with slipped capital femoral epiphyses
(SCFE) [49]. Although this procedure allows for stabi-

lization of the epiphysis, it does not correct the residual

deformity of the proximal femur. Secondary impingement
deformities after SCFE can result in early joint degenera-

tion, loss of hip function, and premature osteoarthritis (OA)

[12, 13, 41]. Even a mild or stable slip can result in
impingement and the development of OA [2, 42, 60, 73].

Although the deformity after severe slips leads to abutment

of the metaphysis to the acetabular rim and labrum (im-
paction-type impingement), the cam-type asphericity after

mild slips can enter the joint in flexion resulting in cartilage

delamination (inclusion-type impingement) [34]. Histori-
cally, surgical methods of epiphyseal realignment have

been associated with a high number of complications

including the devastating avascular necrosis of the epiph-
ysis [6, 25, 32, 65, 72]. The modified Dunn procedure

offers the potential to restore the anatomy of the proximal

femur and impingement-free ROM while securing epi-
physeal perfusion. It was first performed at our institution

in 1998 [44, 61, 76]. The modification compared with

Dunn’s original description [19, 20] includes surgical
dislocation [26] of the hip combined with the development

of the soft tissue retinacular flap [27] including the bran-

ches for epiphyseal perfusion. The technique allows
anatomic reduction under visual control of the epiphyseal

vascularity.

A subset of 30 hips (30 patients) following the modified
Dunn procedure performed at our institution showed

promising results at a mean followup of 5 years without the

risk of avascular necrosis [76]. However, others have

reported on an increased risk of avascular necrosis after
this procedure [54, 56, 62, 70] and the risks associated with

this procedure remain controversial. In addition, mid- to

long-term data on clinical outcomes, reoperations, and
complications are sparse. Therefore, we were interested in

the mid- to long-term results, potential benefits, and com-

plications of the modified Dunn procedure performed at the
originator’s institution.

We therefore evaluated (1) hip pain and function as
measured by the Merle d’Aubigné and Postel score,

Drehmann sign, anterior impingement test, limp, and

ROM; (2) cumulative survivorship at minimum 10-year
followup with endpoints of OA progression (Tönnis grade),

subsequent THA, and a Merle d’Aubigné score\ 15; (3)

radiographic anatomy of the proximal femur measured by
slip angle, a angle, Klein line, and sphericity index; and (4)

risk of subsequent surgery and complications in hips

undergoing the modified Dunn procedure for SCFE.

Patients and Methods

We evaluated the minimum 10-year survivorship of the

first 43 patients (43 hips) who underwent the modified
Dunn procedure [76] for SCFE at our institution. Thirty

patients (30 hips [70%]) were part of a previous study

investigating the minimum 3-year results [76]. Between
1998 and 2005, all patients who presented to our institution

with SCFE were treated with a modified Dunn procedure;

this approach was applied regardless of whether the slips
were mild or severe, acute or chronic, and all were con-

sidered potentially eligible here. The mean age at operation

was 13 ± 2 (range, 9–18) years and 23 patients (23 hips
[53%]) were male (Table 1). Five patients (five hips

[12%]) presented with an unstable hip according to Loder

[45]. A majority of 27 hips (63%) presented with a mod-
erate slip angle according to Southwick [63] ranging from

30" to 60". Ten hips (23%) presented with a mild slip angle

of less than 30" and six hips (14%) with a severe angle
exceeding 60". Twenty-five hips (58%) had an acute or

acute on chronic slip (Table 1). No patient had bilateral

SCFE. Of the 43 hips, 37 (86%) had prophylactic pinning
performed on the contralateral side.

Of the 43 patients (43 hips) thus treated during that

time, 42 patients (42 hips [98%]) were available for fol-
lowup at a minimum 10 years and complete radiographic

and clinical followup was available on 38 patients (38 hips

[88%]). One patient (one hip [2%]) was lost before mini-
mum 10-year followup. This patient presented 6 years

postoperatively with good clinical results (Merle d’Au-

bigné-Postel score of 16, no limp, negative Drehmann sign,
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or anterior impingement test) and no signs of OA or avas-

cular necrosis on the most recent conventional radiographs.
This patient was excluded from the clinical 10-year results

but included for survivorship analysis because the applied

statistical test (method of Kaplan-Meier) allows including
censored data. The remaining 42 patients (42 hips) were

available for a mean followup of 12 years (range, 10–17

years). Of those, four patients (four hips [9%]) declined to
return for clinical and radiographic examination; therefore,

only mailed questionnaires and telephone interviews were

available at the 10-year followup for these patients. These
four patients (four hips [9%]) had a radiographic followup

between 5 and 8 years after surgery with no signs of OA or
avascular necrosis. These hips were excluded from the

clinical 10-year results. The local institutional review board

approved this retrospective case series.
The operative technique of the modified Dunn procedure

has been previously described [27, 43, 44]. Briefly, the

patient was placed in a lateral decubitus position and the
surgical dislocation of the hip with an osteotomy of the

greater trochanter was performed [26]. An extended reti-

nacular soft tissue flap [27] was developed to preserve the
blood supply to the femoral head. The capital epiphysis

was first completely separated from the femoral neck,

which allows full exposure of the femoral neck and visu-
alization of the posteroinferior callus formation on the

neck. This callus formation has to be removed completely

so as not to create a fulcrum and tension on the terminal
branches of the medial femoral circumflex artery after

reduction of the epiphysis [43]. While manually stabilizing

the femoral head, the remaining physis of the femoral head

was removed with a burr or curette [43]. After gentle
reduction of the femoral head back onto the femoral neck,

the femoral head was stabilized using a threaded wire

inserted in an anterograde manner through the fovea capitis
[43, 76]. In addition, the femoral head was stabilized with a

second threaded wire placed in a distal to proximal direc-

tion under fluoroscopic guidance [43, 76]. In the period in
question, the first seven of 43 hips (16%) had stabilization

of the epiphysis using 3.5-mm cortical screws. Because

screw breakage occurred in four hips of these seven hips
(57%), stabilization in the following cases was performed

using threaded wires (with breakage in one of 36 hips
[3%]). Epiphyseal perfusion was checked on a regular basis

before and after reduction of the epiphysis using a 2-mm

drill hole to observe bleeding. In selected hips in the cur-
rent series, a laser Doppler flowmetry probe was used

additionally to check epiphyseal perfusion [58]. In all but

one hip epiphyseal perfusion could be confirmed. In one
hip with an unstable slip, epiphyseal perfusion could not be

confirmed using a drill hole and laser Doppler flowmetry

following the modified Dunn procedure and epiphyseal
realignment (Fig. 1) [58]. At revision surgery 2 months

later for wire breakage, epiphyseal perfusion was reas-

sessed and a normal signal could be recorded (Fig. 1). At
14.5-year followup, this patient showed union of the epi-

physis without avascular necrosis or THA (Fig. 1).

Clinical evaluation at most recent followup was per-
formed by two of the authors (MM, TDL, both not

involved in the surgical care of the patients) in 38 patients

Table 1. Demographic and clinical data of the patient series

Parameter Value

Total number of hips (patients) 43 (43)

Age at operation (years) 13 ± 2

Sex (number/% male of all hips) 23/53

Side (number/% left of all hips) 31/72

Height (cm) 162 ± 9

Weight (kg) 63 ± 13

Body mass index (kg/m2) 24 ± 4

Unstable hips according to Loder classification (number/% unstable of all hips) [48] 5/12

Severity based on slip angle [71] (number/% of all hips)

Mild\ 30" 10/23

Moderate 30"–60" 27/63

Severe[ 60" 6/14

Classification based on the duration of symptoms (number/% of all hips]) [53]

Acute 10/23

Acute on chronic 15/35

Chronic 18/42

Values of continuous parameters are expressed as mean ± SD.

10-year Followup After Modified Dunn Procedure
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(38 hips [88%]). Clinical evaluation included assessment of

limp, the presence of a positive anterior impingement test
(pain in combined flexion and internal rotation), the presence

of a positive Drehmann sign [18] (passive external rotation

with increasing flexion and the inability of active internal
rotation), and full goniometric ROM. The Merle d’Aubigné

and Postel score [15] was used as a clinical scoring system.

Because evaluation of the anterior impingement test, Dreh-
mann sign, andROMpreoperatively in hipswith acute SCFE

is not advocated, these parameters were only evaluated in the
18 hips with chronic SCFE. The clinical results of the con-

tralateral side without SCFE at 10-year followup were added

for comparison. Different observers performed the clinical
evaluations preoperatively and at followup. However, sub-

stantial inter- and intraobserver agreement has been reported

for the anterior impingement test [47], ROM [33, 48, 74], the
Merle d’Aubigné and Postel score [38], and the Drehmann

sign in patients with SCFE [36].

We calculated survival rate at the 10-year followup and

defined failure if any of the following occurred: conversion
to THA, progression ofOA by at least one grade according to

Tönnis [68], or a Merle d’Aubigné-Postel score of\15 at

most recent followup. The four hips (four patients [9%]) that
had only questionnaire and telephone followup at 10-year

followup were considered as surviving hips because they

did not show signs of OA at most recent followup ranging
from 5 to 8 years. These four patients did not undergo con-

version to THA and presented with good to excellent clinical
results at most recent followup (Merle d’Aubigné-Postel

score ranging between 15 and 18, Harris hip score between

81 and 95, and WOMAC score between 0 and 10). These
clinical results make OA progression very unlikely.

Radiographic evaluation included an AP pelvis radio-

graph and cross-table lateral or Lauenstein view. Slippage
of the epiphysis was quantified using the slip angle [63]

and the intactness of the Klein line [39]. Femoral head-

Fig. 1A–G (A) An acute and moderate SCFE occurred in an obese
12-year-old boy. (B) A modified Dunn procedure was performed to
realign and refixate the femoral epiphysis. (C, columns A–D) During
surgery, epiphyseal perfusion was measured using laser Doppler
flowmetry. No epiphyseal perfusion was present before and after
epiphyseal realignment. However, at the level of the retinaculum a
pulse signal was found. (D) Four days after surgery a bone
scintigraphy verified the missing perfusion of the left femoral head
(see difference in enhancement between the femoral heads). (E) Two
months later, a repeated bone scintigraphy was performed showing
normal perfusion of the left femoral head. A possible explanation

could be a spasm of the most distal retinacular vessels. (F) As a result
of breakage of one wire for fixation of the epiphyses, revision surgery
with screw refixation of the epiphysis was performed. (C, column E)
During revision surgery, a normal pulsatile signal of the epiphysis
was encountered with the laser Doppler flowmetry. (G) At 14-year
followup, no sign of avascular necrosis was seen on the conventional
radiograph. Reprinted from Schoeninger R, Kain MS, Ziebarth K,
Ganz R. Epiphyseal reperfusion after subcapital realignment of an
unstable SCFE. Hip Int. 2010;20:273–279. Copyright Wichtig Editore
2010. Reproduced with permission.
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Table 2. Clinical results preoperatively and at followup are shown for the 38 hips with a minimal 10-year clinical followup and for comparison the values of the contralateral side without
SCFE at followup were listed

Parameter Preoperative 10-year followup Contralateral side
at followup

p value preoperative
versus followup

p value followup
versus contralateral

Merle d’Aubigné and Postel score (18–0) [15] 13 ± 2 (7–14) 17 ± 1 (14–18) 17 ± 2 (10–18) \ 0.001 0.663

Pain (6–0) 3 ± 1 (2–4) 5 ± 1 (3–6) 5 ± 1 (2–6) \ 0.001 0.838

Mobility (6–0) 5 ± 1 (2–6) 6 ± 0 (4–6) 6 ± 0 (6–6) 0.027 0.326

Walking ability (6–0) 4 ± 1 (2–5) 6 ± 0 (5–6) 6 ± 0 (5–6) \ 0.001 0.663

Limp (number/% of all hips) 18/47 0/0 0/0 \ 0.001 0.943

Anterior impingement test (number/% positive of all hips)* [47] 18/100* 7/18 4/15 \0.001 0.194

Drehmann sign (number/% positive of all hips)* [18] 9/50* 0/0 0/0 \ 0.001 0.903

ROM*

Flexion (degrees)* 58 ± 32 (10–100)* 104 ± 12 (70–120) 108 ± 12 (80–120) 0.003 0.621

Extension (degrees) – 13 ± 10 (0–30) 16 ± 10 (0–30) – 0.646

Internal rotation (degrees)* 6 ± 8 (0–25)* 32 ± 15 (5–60) 36 ± 11 (10–55) \ 0.001 0.567

External rotation (degrees)* 35 ± 18 (0–70)* 44 ± 14 (10–75) 45 ± 15 (10–80) 0.139 0.499

Abduction (degrees) – 36 ± 11 (10–60) 38 ± 8 (20–50) – 0.574

Adduction (degrees) – 16 ± 7 (0–30) 17 ± 6 (5–30) – 0.823

Values of continuous parameters are expressed as mean ± SD with range in parentheses; *because evaluation of the anterior impingement test, Drehmann sign, and ROM preoperatively in hips
with acute SCFE is not advocated, only values of chronic SCFE (18 hips) were available for the anterior impingement test, Drehmann sign and ROM; SCFE = slipped capital femoral epiphyses.
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neck offset was evaluated with the a angle [51] in the AP

and axial view. Sphericity at followup was quantified with
the sphericity index [64] (ratio of minor to major axis of the

ellipse drawn to best fit the femoral head). In addition, the

neck shaft angle and nine standardized radiographic
parameters to evaluate the radiographic anatomy of the

acetabulum were assessed. The radiographic parameters

were assessed by one observer (TDL; not involved in the
surgical care of the patients) with the help of previously

developed and validated computer software Hip2Norm

(University of Bern, Bern, Switzerland) [66, 67, 75]. OA
was graded according to Tönnis [68].

Subsequent surgical procedures and complications were

summarized using medical chart review. Complications
were graded according to Sink et al. [59] (an adapted

Dindo-Clavien classification [14, 17] for orthopaedic sur-

gery). Grade I complications require no treatment, have no
clinical relevance, and no deviation from routine followup.

Grade II complications require deviation from the normal

postoperative course and outpatient treatment. Grade III
complications require surgical or radiologic interventions

or an unplanned hospital admission. Grade IV complica-

tions are life-threatening or have the potential for
permanent disability. Death is a Grade V complication

[14, 17, 59]. Grade 1 complications were not included as a

result of the retrospective nature of the study.

Normal distribution of all continuous parameters was

tested with the Kolmogorov-Smirnov test. Because most
parameters were not normally distributed, we only used

nonparametric tests. Clinical results at followup were

compared with the preoperative status and the contralateral
hip using the Wilcoxon test and the Mann-Whitney U-test,

respectively. We tested differences for radiograph results

among the preoperative, postoperative, and followup using
the Friedman test for continuous variables. If differences

existed, pairwise comparison was performed with the
Wilcoxon test. Binominal data were compared using the

chi square or Fisher’s exact tests. Cumulative survivorship

was calculated according to Kaplan-Meier [37] with the
endpoints defined as conversion to THA, progression of at

least one grade of OA according to Tönnis [68], or a Merle

d’Aubigné score \ 15. Differences among survivorship
curves (mild, moderate, and severe slip) were compared

using the log-rank test. Statistical analysis was performed

using Winstat software (R. Fitch Software, Bad Krozingen,
Germany).

Results

Hip function was improved and pain was decreased at
latest followup in hips following the modified Dunn pro-

cedure for SCFE. No difference was found in comparison

to the contralateral hip without SCFE at followup
(Table 2). In hips with SCFE and the modified Dunn pro-

cedure, the Merle d’Aubigné and Postel score improved

from preoperatively 13 ± 2 (7–14) to 17 ± 1 (14–18; p\
0.001) at latest followup, the prevalence of limp decreased

from 47% (18 of 38 hips) to 0% (none in 38 hips; p \
0.001), the prevalence of a positive Drehmann sign
decreased from 50% (nine of 18 hips) to 0% (none in

38 hips; p \ 0.001), flexion improved from 58" ± 32"
(10"–100") to 104" ± 12" (70"–120"; p = 0.003), and
internal rotation improved from 6" ± 8" (0"–25") to 32" ±
15" (5"–60"; p\0.001). At followup, no difference existed

between the hip after the modified Dunn procedure and
the contralateral asymptomatic side with prophylactic

pinning for the Merle d’Aubigné and Postel score, preva-

lence of limp, prevalence of a positive anterior
impingement test, prevalence of a positive Drehmann sign,

or ROM (Table 2).

Using the three endpoints defined as OA progression,
conversion to THA, or a Merle d’Aubigné score\15, the

cumulative 10-year survivorship was 93% (95% confidence

interval [CI], 85%–100%) (Fig. 1). At the latest followup,
seven of 43 hips (16%) reached at least one of the three

endpoints: four hips showed progression of OA (Fig. 2),

three patients had a Merle d’Aubigné score\15, and none
underwent conversion to THA. Four of these endpoints

Fig. 2 The cumulative 10-year survivorship was calculated accord-
ing to Kaplan-Meier [37] using the three endpoints: conversion to
THA, progression of OA according to Tönnis [68], or a Merle d’
Aubigné score\ 15 points at followup. The overall cumulative 10-
year survivorship was 93% (95% CI, 85%–100%). We found no
difference in survivorship among hips with a mild slip (100%; 95%
CI, 100%–100%), moderate slip (92%; 95% CI, 82%–100%), or a
severe slip (86%; 95% CI, 60%–100%; p = 0.311).
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Table 3. Radiographic results preoperatively, postoperatively, and at the 10-year followup

Parameter Preoperative Postoperative 10-year followup p value,
overall

p value, pre- versus
postoperative

p value, preoperative
versus followup

p value, postoperative
versus followup

Number of patients
(hips)

43 (43) 43 (43) 38 (38) – – – –

Slip angle (") [63] 43 ± 17 (15–80) 9 ± 10 (!15 to 30)* 7 ± 5 (1–19)* \ 0.001 \ 0.001 \ 0.001 0.040

Alpha angle on axial
or Lauenstein
views (") [51]

84 ± 14 (59–104) 48 ± 14 (23–87)* 50 ± 11 (32–71)* 0.003 \ 0.001 \ 0.001 0.495

Alpha angle on AP
view (")

70 ± 15 (38–94) 49 ± 9 (37–68)* 52 ± 15 (28–95)* 0.003 \ 0.001 \ 0.001 0.739

Sphericity index
(percent) [64]!

– 0.93 ± 0.07 (0.80–0.98) 0.88 ± 0.05 (0.74–0.96) – – – 0.294

Klein line (number/
% positive of all
hips) [39]

25/58 0/0* 0/0* \ 0.001 \ 0.001 \ 0.001 1

Posterior wall sign
(number/%
positive of all
hips)

30/70 36/84 36/95 0.546 – – –

Ischial spine sign
(number/%
positive of all
hips)

14/33 16/42 12/32 0.389 – – –

Crossover sign
(number/%
positive of all
hips)

28/65 29/67 14/37*," 0.001 0.744 \ 0.001 \ 0.001

Retroversion index
(percentage [of
hips only with
positive crossover
sign])

34 ± 11 (13–53) 33 ± 11 (10–53) 30 ± 11 (13–53) 0.943 – – –

Extrusion index
(percentage)

16 ± 11 (!10 to 32) 17 ± 8 (!12 to 32) 24 ± 6 (7–36)*," 0.002 0.349 0.001 \ 0.001

Lateral center-edge
angle (degrees)

31 ± 8 (16–44) 32 ± 6 (18–40) 28 ± 7 (14–43)*," \ 0.001 0.260 0.004 0.001

Acetabular index
(degrees) [68]

2 ± 7 (!18 to 17) 2 ± 6 (!13 to 20)* 8 ± 6 (!5 to 20)*," \ 0.001 0.035 \ 0.001 \ 0.001

Craniocaudal
coverage
(percentage)

78 ± 10 (53–94) 80 ± 7 (61–94) 79 ± 8 (64–96) 0.155 – – –

Anterior coverage
(percentage)

23 ± 9 (3–49) 26 ± 8 (9–49) 24 ± 7 (10–42) 0.450 – – –
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were reached after more than 10 years after the initial

operation. No difference in survivorship existed among
hips with a mild slip (100%; 95% CI, 100%–100%),

moderate slip (92%; 95% CI, 82%–100%), or severe slip

(86%; 95% CI, 60%–100%; p = 0.311; Fig. 2).
Following the modified Dunn procedure, the radio-

graphic anatomy of the proximal femur in hips with SCFE

was improved in the vast majority (Table 3). The slip angle
improved from 43" ± 17" (15"–80") to 9" ± 10" (!15" to
30"; p\0.001), the a angle in the axial or Lauenstein view
decreased from 84 ± 14 (59–104) to 48 ± 14 (23–87; p\
0.001), the a angle in the AP view decreased from 70 ± 15

(38–94) to 49 ± 9 (37–68; p\ 0.001), and the proportion
of hips with a positive Klein line decreased from 58% (25

of 43 hips) to 0% (none of 43 hips). Postoperatively, the

sphericity index of the femoral head was at least 80%
(mean 93% ± 0.07% [80%–98%]).

Subsequent surgical procedures were performed in 14 of

43 hips (33%) and complications occurred in four of 43
hips (9%; Table 4). Subsequent procedures included nine

hips (21%) undergoing screw removal, four hips (9%) with

open offset correction, and two hips (5%) with combined
open offset correction and acetabular rim trimming

(Table 4). All five hips (12%) with complications were

graded Grade 3 according to Sink et al. [59] (complication
requiring reoperation without potential of permanent dis-

ability). They were performed for breakage of screws or

wires for epiphyseal fixation in four hips (9%) requiring
additional fixation or pseudarthrosis of the greater tro-

chanter after breakage of the trochanteric screws in one hip

(2%) requiring reosteosynthesis (Table 4). All epiphyseal
refixations and the trochanteric osteotomy ultimately

healed. Using plain radiographs, no signs of avascular

necrosis were observed in any hip during followup.

Discussion

In situ fixation has been the most commonly performed

treatment in hips with SCFE [49]. It offers control for
physeal instability; however, it is not used for correction of

a secondary deformity and the resulting femoroacetabular

impingement in hips with SCFE [49]. Even a mild slip can
result in impingement and the development of OA

[2, 42, 49, 60]. Historically, surgical methods of realign-

ment have been associated with a high number of
complications [3, 7, 9–11, 24, 40, 50, 55, 57] with the risk

of avascular necrosis reportedly ranging up to 54% [28]

(Table 5). The modified Dunn procedure with realignment
of the epiphysis offers the potential to restore the anatomy

of the proximal femur and impingement-free ROM. In

addition, this procedure allows to control the epiphyseal
vascularity and to restore epiphyseal perfusion. EarlyT
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results showed promising results [61, 76]. However, no

long-term reports for this procedure have been published.
At 10-year followup, we found improved hip function and

decreased pain in hips after the modified Dunn procedure

for SCFE compared with the preoperative status. The
Merle d’Aubigné and Postel score, flexion, and internal

rotation were increased and the prevalence of limp or a

positive Drehmann sign decreased (Table 2). No difference
existed compared with the contralateral side without epi-

physeal slippage and prophylactic pinning (Table 2). In
93% of the hips at the 10-year followup, we found a good

to excellent result with no progression of OA. Postopera-

tively, the radiographic anatomy of the proximal femur was
improved in the vast majority of hips. Five hips (12%) had

complications requiring refixation of the epiphysis or

reosteosynthesis of the greater trochanter (Table 4). Offset
correction was performed in six hips (14%). No hip showed

signs of avascular necrosis at latest followup.

The study has several limitations. First, there is a lack of
a control group with different treatments, and so our results

can only be compared with those published by others

(Table 5). Second, the clinical evaluation was done by
different observers preoperatively and at followup as a

result of the retrospective design and a long span of fol-

lowup. However, substantial inter- and intraobserver
agreement has been reported for the Merle d’Aubigné and

Postel score [38], anterior impingement test [47], Dreh-

mann sign in patients with SCFE [36], and ROM
[33, 48, 74]. Therefore, we believe this issue is unlikely to

have biased our clinical results to a relevant degree. Third,

the preoperative testing of the anterior impingement test,
Drehmann sign, or ROM is not advocated in unstable slips

and, therefore, these data were missing. We compared the

clinical results at 10-year followup to the asymptomatic,
contralateral side with prophylactic pinning. However, this

could have biased the comparison because the contralateral

hip is more likely to have an altered morphology as a result
of a potential silent slip. Fourth, all hips with SCFE during

the period in question were treated with the modified Dunn

procedure independent of the amount of slippage. Current
treatment options at our clinic include in situ pinning with

arthroscopic offset improvement in hips with a minimal

slip (slip angle \ 15"). Decision-making is based on a

preoperative hip MRI with radial slices to quantify the
amount of slippage. At the period in question all hips with

SCFE underwent the modified Dunn procedure including

those with a minimal slip. Therefore, the results with
today’s indication for the modified Dunn procedure could

be somewhat inferior because hips with a minimal slip

(associated with superior clinical results and a decreased
rate of complications) would no longer be included. Next,

one of 43 patients (one hip [2%]) was not available for a
minimum 10-year followup. This patient had a good clin-

ical result and no signs of avascular necrosis on the AP

radiograph 6 years postoperatively; therefore, it is unlikely
that he would have developed avascular necrosis at the 10-

year followup. Last, we did not screen for avascular

necrosis using MRI. However, all hips had confirmed
epiphyseal perfusion checked intraoperatively with a drill

hole and in selected cases with an additional laser Doppler

flowmetry probe. The missing signs of avascular necrosis
on the conventional radiograph at the long-term followup

give reassurance that no hip developed avascular necrosis.

In the current series, hip function was improved and
pain was decreased 10 years after the modified Dunn

procedure (Fig. 3). No difference was found compared

with the asymptomatic hip with prophylactic pinning
(Table 2). These results are in line with reported results for

the modified Dunn procedure showing improvement in

clinical scores, flexion, and internal rotation at a mean 3-
year followup [46]. Others reported on a minimal flexion of

90" in all hips and an excellent result (defined as a Harris

hip score [29] exceeding 95 points) in 93% of hips fol-
lowing the modified Dunn procedure at the 4-year followup

[35]. Comparing the modified Dunn procedure with in situ

pinning in hips with severe and stable slips showed supe-
rior clinical results (using the Heyman and Herndon

classification [30, 31]) for the modified Dunn procedure at

an early followup of 2.5 years [52]. In a previously pub-
lished subset of 30 hips from the current series, a

comparable result for the Merle d’Aubigné-Postel score

(average, 18; range, 17–18) was found at the mean 5-year
followup [76]. In the same study, no difference was found

for the Merle d’Aubigné-Postel score between the operated

Table 4. Subsequent surgeries and complications graded according to the Sink classification system for complications in hip-preserving surgery
[59]

Subsequent surgeries and complications Value Sink classification [59]

Total of hips with subsequent surgeries (number/% of all hips) 14/33

Screw removal (number/% of all hips) 9/21 –

Open offset correction (number/% of all hips) 4/9 –

Open acetabular rim trimming and offset correction (number/% of all hips) 2/5 –

Refixation of the epiphysis (number/% of all hips) 4/9 3

Reosteosynthesis of the greater trochanter (number/% of all hips) 1/2 3

10-year Followup After Modified Dunn Procedure
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Table 5. Selected literature on the rate of avascular necrosis following various treatments for SCFE

Author (year) Treatment and location Hips
(patients)

Age at surgery
(years)

Type of SCFE* Slip angle (") Followup
(years)

AVN rate

Ziebarth et al. (2009) [76] Modified Dunn I: 30 (30)

II: 10 (10)

10–16 Moderate and severe
slips

57 (34–69) I: 5 (3–8)

II: 2 (1–4)

None

Slongo et al. (2010) [61] Modified Dunn 23 (23) 12 ± 2 (7–17) 20/23 stable 48 ± 19 (10–
80)

2 ± 1 (2–5) 4% (1/23)

Huber et al. (2011) [35] Modified Dunn 30 (28) 12 (9–17) Stable and unstable 45 (19–77) 4 (1–9) 3%

Sankar et al. (2013) [56] Modified Dunn 27 (27) 13 (10–16) Unstable – 2 (1–4) 26%

Madan et al. (2013) [46] Modified Dunn 28 (28) 13 (10–20) 61% unstable 59 ± 12 (40–
88)

3 (2–7) 14%

Upasani et al. (2014) [70] Modified Dunn 43 (43) 13 (11–16) Moderate and severe
slips

86%[ 50 3 (1–8) 23%

Souder et al. (2014) [62] I: In situ pinning

II: Modified Dunn

I: 71

II: 17

12 ± 2 (9–17) Moderate and severe
slips; 84% stable

– I: 3 ± 2

II: 1 ± 1

I: 4% overall, 0% in
stable slips, 43% in
unstable slips

II: 24% overall, 20% in
stable slips, 29% in
unstable slips

Novais et al. (2015) [52] I: Modified Dunn

II: In situ pinning

I: 15

II: 15

I: 14 (12–17)

II: 13 (10–16)

Severe, stable I:[60

II:[60

3 (1–6) I: 7%

II: 7%

Persinger et al. (2016)
[54]

Modified Dunn 31 (30) 12 (9–15) Unstable – 2 (0–7) 6%

Hall (1957) [28] I: Subcapital OT (cervical)

II: Subcapital OT (curved)

III: Manipulation and nail

I: 42

II: 48

III: 33

- 37% minimal slip, 17%
acute

– 7 (1–43) I: 33%

II: 54%

III: 37%

Carlioz et al. (1984) [11] I: Subcapital OT (Dunn)

II: Intertrochanteric OT (Southwick)

III: In situ pinning

IV: Offset correction"

I: 27 (26)

II: 5

III: 38 (34)

IV: 5 (5)

13 (9–19) I: growth plate open

II: growth plate closed

III: –

IV: –

I:[ 55

II:[ 75

III:\ 30, 39%
mild

IV: -

I:1-10

II: 3–11

III: 1–7

IV: 3–8

I: –

II: –

III: 3%

IV: –

Szypryt et al. (1987) [65] I: Subcapital OT (Dunn)

II: Offset correction"
I: 23 (23)

II: 30 (25)

I: 13 (8–16)

II: 13 (11–14)

I: severe

II: moderate and severe

– I: 5 (2–11)

II: 4 (2–7)

I: 18%

II: 0% in moderate slips,
22% in severe slips

Broughton et al. (1988)
[10]

Subcapital OT (Dunn) 115 (110) 13 (8–19) Severe;

61% chronic

61 (33–90) 13 (2–33) 8% in total; 3% in
chronic SCFE; 16%
in acute on chronic
SCFE

Nishiyama et al. (1989)
[50]

I: In situ pinning

II: Intertrochanteric OT (Southwick)

III: Subcapital OT (Dunn)

I: 9 (9)

II: 15 (15)

III: 18 (15)

12 (8–16) 42 chronic I:\ 30

II: 30–60

III:[ 60

10 (2–17) I: None

II: None

III: 5%

Z
ieb

arth
et

al.
C
lin

ical
O
rth

o
p
aed

ics
an
d
R
elated

R
esearch

1

123



Table 5. continued

Author (year) Treatment and location Hips
(patients)

Age at surgery
(years)

Type of SCFE* Slip angle (") Followup
(years)

AVN rate

Ballmer et al. (1990) [6] I: Subcapital OT (Dunn)

II: Intertrochanteric OT (Imhäuser)

I: 30

II: 33

12–14 90% chronic I: 58

II: 32

10 (2–19) I: 17%

II: 6%

Velasco et al. (1998) [71] Subcapital OT (Dunn) 66 (65) 13 (9–17) 44% chronic 54 (20–84) 16 (12–33) 11%

Fron et al. (2000) [23] Subcapital OT (Dunn) 50 (46) 13 (7–16) Severe 70 (50–90) 5 (1–9) 14%

Hiertonn (1955) [32] Neck OT (cuneiform) 38 (34) 10–20 Moderate to severe [ 30 2–10 37%

Adorjan (1961) [3] Neck OT (cuneiform) 18 (18) 11–18 Advanced slip 4 (1–7) 17%

Wilson et al. (1965) [72] I: Neck OT (cuneiform)

II: In situ pinning

I: 53 (52)

II: 212

6–17 I: Moderate or severe
slip

II: 66% mild

- 13 (2–26) I: 25%

II: 13%

Barmada et al. (1978) [7] Neck OT (extracapsular) 20 (16) 14 (11–16) Moderate to severe 59 (44–89) 8 (3–12) None

Gage et al. (1978) [25] Neck OT (cuneiform) 77 (71) 13 (10–17) Chronic [ 25 12 (2–32) 29%

Kulick and Denton (1982)
[40]

I: In situ pinning

II: Neck OT (cuneiform)

III: Closed reduction

I: 103

II: 9

III: 13

13 (9–18) 92% chronic or[ 2
weeks

60% mild 5 (2–14) I: 2%

II: 33% (3/9)

III: –

Abraham et al. (1993) [1] Neck OT (extracapsular) 36 (32) 10–16 Moderate to severe 60 (14–100) 9 (2–24) None

Fish (1994) [21] Neck OT (cuneiform) 66 (60) 8–19 24% acute on chronic [ 30 13 (2–31) 5%

DeRosa et al. (1996) [16] Neck OT (cuneiform) 27 (23) 14 (9–17) Severe [ 60 8 (6–16) 15%

Southwick (1967) [63] Intertrochanteric OT (Southwick) 27 (26) 12 (10–16) Moderate to severe 30–87 5 None

Rao et al. (1984) [55] Intertrochanteric OT (Southwick) 29 (27) 12–16 100% chronic 39–89 7 (3–14) None

Schai and Exner (2007)
[57]

Intertrochanteric OT (Imhäuser) 51 (51) 14 Moderate to severe 45 24 (20–29) 2%

Fujak et al. (2012) [24] Intertrochanteric OT (Imhäuser) 28 (28) 14 ± 2 (9–19) Moderate 30–60 24 ± 7 (12–
32)

4%

Trisolino et al. (2015)
[69]

Intertrochanteric OT (Imhäuser) 53 (45) 13 ± 3 Moderate and severe [40 21 ± 11 4%

Aronson and Carlson
(1992) [4]

In situ pinning 58 (44) 12–13 86% chronic 27 (4–70) 3 (2–6) 2%

Aronson et al. (1992) [5] In situ pinning 80 (55) 14 (9–16) 61% mild, 28 (2–82) 3 (1–8) 3%

Bellemans et al. (1996)
[8]

In situ pinning 59 (44) 13 (11–18) 75% chronic, 56% mild – 11 (2–24) 11%

Fraitzl et al. (2007) [22] In situ pinning 16 (16) 14 (12–17) Mild (\ 30) 17 (12–31) 14 (11–21) None

Larson et al. (2012) [41] In situ pinning 176 (146) 13 (6–17) 88% stable, 61% mild – 16 (2–43) 2%

Carney et al. (1991) [12] I: No treatment

II: Spica cast

III: In situ pinning

IV: Various osteotomies

I: 36

II: 43

III: 34

IV: 29

13 (8–18) 42% mild, 32%
moderate, 26% severe
slips, 92% chronic

– 41 (23–64) I: 3%; II: 19%; III: 9%;
IV: 14%

23% in acute slips, 11%
in chronic slips
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hip and the asymptomatic hip with prophylactic pinning

[76].
At the 10-year followup, the cumulative survivorship

free from arthritis progression, conversion to THA, or a

Merle d’Aubigné score \ 15 was 93% (95% CI, 85%–
100%; Fig. 2). No difference was found in survivorship

among hips with mild, moderate, or severe slips (Fig. 2).

Four hips (9%) showed progression of OA between 10 and
17 years followup in the current study (Fig. 4). Others

have reported comparable results with 3% of OA at a mean
13-year followup using the original Dunn reduction pro-

cedure in a publication of its originator [10]. Using the

cuneiform neck osteotomy, OA at a mean 13-year fol-
lowup was found in 9% of the hips [21]. Most reports with

a minimal 10-year followup after surgical treatment of hips

with SCFE showed an increased percentage of hips with
OA compared with the current series. After in situ pinning,

38% to 39% of hips had reported progression of OA at a

mean followup of 11 and 31 years [8, 9]. With increasing
severity of the slip, the percentage of hips with OA

increased from 33% in mild slips to 41% in moderate slips

and 60% in severe slips [9]. Hips after subcapital or neck
osteotomies showed OA in 40% to 45% of hips at a mean

followup ranging from 10 to 16 years [6, 71, 72]. With an

osteotomy at the intertrochanteric level, the percentage of
hips with OA was increased and ranged from 37% to 70%

at a mean followup from 10 to 24 years [6, 24, 57]. No hip

in the current study converted to THA at a minimum 10-
year followup. Most studies reporting on the modified

Dunn procedure at a mean followup from 1 to 5 years

(Table 5) did not report on conversion to THA except in
two studies [52, 56]. In these two studies, each study

reported one hip converting to THA at short-term followup

of 2 years (percentage of conversion to THA of 2% and
7%) [52, 56]. With a minimal 10-year followup, other

studies reported on a rate of conversion to THA after

subcapital osteotomies ranging from 1% to 11%
[6, 10, 50, 71, 72] (mean followup ranging from 10 to 16

years) and from 0% to 13% for intertrochanteric osteo-

tomies (mean followup ranging from 19 to 24 years)
[24, 57, 69]. Carney et al. [12] evaluated several surgical

treatments for hips with SCFE including in situ pinning

and hips without surgical treatment and found a conversion
to THA in 37% at a mean followup of 41 years. The

decreased percentage of hips with OA and the lack of hips

with conversion to THA in the current series at a minimum
10-year followup support the concept that correction of the

residual deformity after SCFE and elimination of

impingement would result in decreased degenerative
changes.

Normal radiographic anatomy of the hip could be

restored in the majority of the hips after the modified Dunn
procedure in the current series (Fig. 4). Improvements inT
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Fig. 3A–I A 12-year-old girl with an acute and stable SCFE and slip
angle of 36" (moderate slip) is shown preoperatively (A), following
the modified Dunn procedure (B), and at 1-year (C), 2-year (D), and
10-year followup (E). Partial metal removal has been performed (E).
The preoperative Lauenstein view (F) shows a slip angle of 36" and

restoration of the femoral anatomy postoperatively (G) and at 2-year
followup (H). Final outcome after partial metal removal was a pain-
free hip with a Harris hip score of 95 points without signs of OA on
the AP and lateral radiographs (E, I) at 10-year followup.

Fig. 4A–H A 14-year-old boy with a stable, acute on chronic SCFE
(symptoms lasting for 8 months) and a slip angle of 60" (severe slip)
is shown preoperatively (A); intraoperative view (B) after surgical
dislocation of the femoral head revealed severe cartilage damage (L =
labrum, F = fossa, arrows showing cartilage delamination); postop-
erative anatomic alignment after a modified Dunn procedure (C); and
after an attempt for revision surgery through a surgical hip dislocation
for débridement of the joint and partial screw removal 1.5 years after

the initial operation (D). At the 10-year followup, progression to OA
is shown (OA Grade 2) (E, H). Preoperative Dunn view (F) and
postoperative Lauenstein view (G) are shown. Figure 4B reprinted
from Slongo T, Kakaty D, Krause F, Ziebarth K. Treatment of slipped
capital femoral epiphysis with a modified Dunn procedure. J Bone
Joint Surg Am. 2010;92:2898–2908. Copyright Wolters Kluwer
Health, Inc. Reproduced with permission.
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the slip angle, a angle, and the percentage of an intact

Klein’s line (Table 3) indicate the potential for deformity
correction of the modified Dunn procedure. Largely nor-

mal-appearing hip morphology after a modified Dunn

procedure was uniformly reported for the slip angle
[35, 54, 56] and the a angle [54]. Despite a described

potential for remodeling [53], in situ pinning for moderate

to severe slips has been shown to leave the hip with residual
cam deformities and compromised hip function [13, 52]. At

a mean 22-year followup after in situ pinning, 80% of the
hips presented with a pistol grip deformity [13]. Normal-

appearing hip morphology was reported after subcapital

osteotomy for the slip angle for severe SCFE [23] and after
in situ pinning for mild SCFE for the a angle on cross-

table radiographs [22]. However, the mean a angle on AP

radiographs (mean, 86"; range, 55"–99") was increased and
a reduced or absent head-neck ratio was found in 63% (10 of

16 hips) 14 years after in situ pinning [22].

The rate of subsequent surgery and complications in the
current series (Table 4) is comparable to that found in the

literature for the modified Dunn procedure (Table 5). The

rate of revision surgery resulting from hardware failure of
epiphyseal fixation (9% in the current series; Table 4)

ranged from 7% to 15% [35, 52, 56, 76]. In addition, an

increased risk of implant breakage of 20% was found for
the use of cortical screws compared with threaded wires

not showing any breakage [35, 56]. The rate of subsequent

surgery for improvement of secondary deformities and

impingement (14% in the current series; Table 4) ranged
from 0% to 16% [35, 46, 52, 56, 61, 70, 76]. With the hips

available in the current series we found no avascular

necrosis following the modified Dunn procedure. In con-
trast to our results, all but one author [76] reported on

the risk of avascular necrosis after the modified Dunn

procedure with a wide range from 3% to 29%
[35, 46, 52, 54, 61, 62, 70] (Table 5). Possible explanations

for this difference could be the increased percentage of
mild and stable slips in the current series, no previous

interventions, or the long experience with hip-preserving

surgery at the current institution. Generally, hips following
the modified Dunn procedure showed no increased risk of

avascular necrosis compared with other surgical treatments

(Table 5). After in situ pinning, the rate of avascular
necrosis ranged from 0% to 13% [4, 5, 8, 11, 40, 41, 50]

with the highest value of 43% for pinning in unstable hips

only [62]. Hips with epiphyseal realignment using a neck
or subcapital osteotomy without surgical hip dislocation or

the development of a retinacular soft tissue flap showed the

highest risk of avascular necrosis with a rate up to 54%
(Table 5) [1, 3, 6, 7, 10, 11, 16, 21, 23, 25, 28, 32, 40, 50,

65, 71, 72]. Extracapsular corrections at the inter-

trochanteric level showed a decreased risk of avascular
necrosis ranging from 0% to 6% (Table 5) [6, 11, 24,

50, 57, 63, 69].

Fig. 5A–I A 15-year-old girl with stable and acute on chronic SCFE
and a slip angle of 40" (moderate slip) is shown preoperatively (A),
following the modified Dunn procedure (B), after screw breakage 3
months postoperatively as a result of early weightbearing (C), after
revision surgery for osteosynthesis (D), and at 15-year followup (E).
The abduction view preoperatively (F), the Lauenstein view postop-
eratively (G), after revision surgery (H), and at 16-year followup (I)

are shown. This is the very first patient treated with a modified Dunn
procedure at our institution; the body mass index at the time of
operation was 26 kg/m2 and the patient did not adhere to strict
restricted weightbearing. Final outcome was favorable with a well-
functioning hip and a Harris hip score of 91 points at 16-year
followup.
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In conclusion, the modified Dunn procedure success-

fully restored hip anatomy and hip function in the majority
of hips in this series, which were predominantly stable,

moderate, to severe SCFEs. At a mean 12-year followup,

no hip showed avascular necrosis or conversion to a THA.
The cumulative 10-year survival rate was 93% free from

progression of OA, conversion to THA, or poor clinical

outcome. Capital realignment in this patient group led to
restoration of the proximal femoral anatomy and improved

hip function. However, residual deformities can persist and
subsequent surgical improvement might be needed. Sur-

gical hip dislocation with the development of a retinacular

soft tissue flap allows to control the epiphyseal vascularity
and restore epiphyseal perfusion in hips with SCFE. The

results confirm that a slipped capital epiphysis can be

realigned and fixed safely with no substantial risk for
avascular necrosis when performed correctly, at the same

time reducing the underlying deformity. We are aware that

some have reported less favorable results regarding avas-
cular necrosis with this surgical technique. [46, 56, 62, 70].

However, we are positive that extensive experience with

surgical hip dislocation and development of the retinacular
flap combined with a profound knowledge of the vascular

anatomy of the femoral epiphysis and a meticulous surgical

technique will lead to reproducible results. If these pre-
requisites are not given, we recommend temporary in situ

pinning of hips with SCFE followed by immediate referral

to a center of expertise in hip-preserving surgery.
Restoration of the original anatomy is the goal to avoid

subsequent early hip degeneration, pain, and the need for

THA in young and active patients with SCFE.
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68. Tönnis D. General radiography of the hip joint. In: Tönnis D, ed.
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