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�� Hip

Long-term follow-up of patients 
undergoing the modified Dunn 
procedure for slipped capital 
femoral epiphysis

Aims
Our retrospective analysis reports the outcome of patients operated for slipped capital fem-
oral epiphysis using the modified Dunn procedure. Results, complications, and the need for 
revision surgery are compared with the recent literature.

Methods
We retrospectively evaluated 17 patients (18 hips) who underwent the modified Dunn proce-
dure for the treatment of slipped capital femoral epiphysis. Outcome measurement included 
standardized scores. Clinical assessment included ambulation, leg length discrepancy, and 
hip mobility. Radiographically, the quality of epiphyseal reduction was evaluated using the 
Southwick and Alpha-angles. Avascular necrosis, heterotopic ossifications, and osteoarthritis 
were documented at follow-up.

Results
At a mean follow-up of more than nine years, the mean modified Harris Hip score was 88.7 
points, the Hip Disability and Osteoarthritis Outcome Score (HOOS) 87.4 , the Merle d’Au-
bigné Score 16.5 points, and the UCLA Activity Score 8.4. One patient developed a partial 
avascular necrosis of the femoral head, and one patient already had an avascular necrosis at 
the time of delayed diagnosis. Two hips developed osteoarthritic signs at 14 and 16 years af-
ter the index operation. Six patients needed a total of nine revision surgeries. One operation 
was needed for postoperative hip subluxation, one for secondary displacement and implant 
failure, two for late femoroacetabular impingement, one for femoroacetabular impingement 
of the opposite hip, and four for implant removal.

Conclusion
Our series shows good results and is comparable to previous published studies. The modi-
fied Dunn procedure allows the anatomic repositioning of the slipped epiphysis. Long-term 
results with subjective and objective hip function are superior, avascular necrosis and devel-
opment of osteoarthritis inferior to other reported treatment modalities. Nevertheless, the 
procedure is technically demanding and revision surgery for secondary femoroacetabular 
impingement and implant removal are frequent.
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Introduction
The slipped capital femoral epiphysis (SCFE) 
occurs with an incidence ranging from 0.33 
to 24.58 of 100,000 children aged from eight 
to 15 years.1 Males are more affected than 
females.2 Three classification systems of SCFE 
are used. The chronological classification 
divides the SCFE into acute, acute on chronic, 

and chronic SCFE;3 the stability-based classi-
fication divides SCFE as stable or unstable, 
depending on the walking capacity of the 
patient;4 and the morphological classification 
is based on the displacement of the epiph-
ysis as visualized on frog-leg radiographs 
according to Southwick.5 The slip is defined 
as mild when the angle of the affected and 
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the contralateral side differs by less than 30°, moderate by 
30° to 50°, and severe by more than 50°. Various surgical 
procedures have been described including in situ fixa-
tion,6,7 arthroscopic offset correction,8,9 compensatory 
osteotomies,10,11 and osteotomies with correction of the 
deformity at the head-neck junction.12-24 Nevertheless, 
there is no clear consensus on how best to treat SCFE. The 
modified Dunn procedure has become to be a standard 
treatment for SCFE allowing anatomic capital realign-
ment without running a high risk of avascular necrosis 
(AVN) of the femoral head.25-27 Long-term outcome data 
remain sparse, but recent studies describe a low rate of 
osteoarthritis (OA) and AVN in patients treated with a 
modified Dunn procedure.24,28

The aim of this retrospective study is to report the long-
term outcome of patients who underwent the modified 
Dunn osteotomy for the treatment of SCFE at our institu-
tion by a single surgeon. The clinical and radiographical 
results, complications, and revisions are compared with 
other series of surgical treatment of SCFE.

Methods
We retrospectively assessed the clinical and radiographic 
outcome of patients treated for SCFE using the modi-
fied Dunn procedure. Exclusion criteria were defined as 
patients with previous surgery, patients treated without 
surgical hip dislocation, and a follow-up below four years. 
Between 1998 and 2019, 19 patients were treated for SCFE 
in our institution. One patient was excluded being treated 
using an anterolateral approach and one for insufficient 
follow-up time (1.8 years). In all, 17 patients (18 hips) 
were available for clinical and radiographic assessment in 
our outpatient department. The mean age at operation 
was 12.9 years (6.8 to 17.0). There was a preponderance 
of male patients (15 males vs two females). The mean 
follow-up reached 9.4 years (4.2 to 20.8). 16 patients 
had unilateral and one patient had bilateral SFCE and 
was operated with 1.8 years interval on both sides. One 
patient (5.6%) had an acute SCFE following an adequate 
injury, three hips (16.7%) presented a chronic SCFE, and 
14 (77.8%) an acute-on-chronic SCFE. Overall, 14 hips 
(77.8%) were classified as stable, and four (22.2%) as 
unstable. The Regional Ethical Committee for Medical and 
Health Research approved this study (No. 3,2006,144), 
and written informed consent was obtained from all the 
participants.
Modification of the surgical technique.  Surgery is per-
formed in full lateral position. The trochanteric slide 
osteotomy is performed without step to allow later free 
repositioning of the greater trochanter. The epiphysis 
is stabilized by means of a Kirschner wire (K-wire) and 
epiphyseal perfusion is checked before surgical hip dis-
location.29 The extended retinacular flap is developed by 
trimming the stable part of the greater trochanter on its 
posterior and superior aspects down to the size of the 

femoral neck. Then the periosteum of the femoral neck is 
incised on the superior aspect towards the femoral head, 
and continues towards antero-inferior to reach the inferior 
retinaculum (Figure 1a).17 The neck is completely peeled 
from its periosteum, the postero-inferior callus removed, 
and the stump of the neck symmetrically rounded. Before 
reduction of the epiphysis, three drill holes of 2.5 mm di-
ameter are drilled starting from the stump of the femoral 
neck in an antegrade manner towards the lateral femo-
ral cortex allowing ideal positioning of the implants at 
the head neck junction (Figure 1b) . The femoral head 
is reduced manually and centered on the neck adjusting 
the anatomical offset proportions. Thereby the tension 
on the retinaculum as well as bleeding of the head has 
to be checked. The epiphysis is stabilized by a 2.5 mm 
K-wire introduced through the fovea and replaced before 
reduction of the hip by wo 2.5 mm K-wires introduced 
through the anterior aspect of the neck (Figure 1c). After 
hip relocation impingement free range of motion is eval-
uated clinically, and the offset controlled with fluorosco-
py in two planes. Definitive stabilization is performed us-
ing the pre-drilled holes either with three fully threaded 3 
mm K-wires or three 3.5 mm cortical screws. The greater 
trochanter is stabilized in a slight anterior and distal po-
sition to relatively lengthen the neck using two 3.5 mm 
cortical screws.

Clinical evaluation included analysis of leg length 
discrepancy and muscle force of the hip abductors. 
Functional assessment was performed by measurement 
of the range of movement and evaluation of anterior 
femoro-acetabular impingement. Subjective outcome 
was assessed using questionnaires including the modi-
fied Harris Hip Score (mHHS),30 the Hip Disability and 
Osteoarthritis Outcome Score (HOOS),31,32 the Merle 
d’Aubigné Score (MdA),33 and the UCLA Activity Score. 
Radiological evaluation included an antero-posterior 
pelvis and cross-table axial or frog-leg view. The initial 
epiphyseal displacement was quantified by means of the 
epi-diaphyseal angle, the Alpha-angle and the Klein line34 
on the antero-posterior projection, and the posterior slip 
and the Alpha-angle on the lateral views. Postoperative 
analysis included in addition the Beta-angle on the axial 
views.35 At last follow-up Alpha-angles in both planes and 
Beta-angles on the axial views were evaluated. Thereby, 
an Alpha-angle greater than 80° on the anteroposterior 
or greater than 60° on the lateral radiograph was defined 
as cam morphology due to a post-slip deformity.35-37 We 
noted signs of AVN, heterotopic ossification according to 
the classification of Brooker,38 and OA according to the 
grading of Tönnis.39

Statistical analysis was performed using the Winstat 
software (R. Fitch Software, Bad Krozingen, Germany). 
Level of significance was set to p < 0.05. Normal distri-
bution of all continuous parameters was tested with the 
Kolmogorov-Smirnov test. Because most parameters 
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Fig. 1

a) Shows the surgical site after Z-shaped capsulotomy and trochanteric slide osteotomy of a left hip. The obliquely running apophyseal growth plate of the 
greater trochanter is visible. The slip zone with partially torn periosteal sheet at the head-neck junction and the femoral head in its posterior slip position are 
drawn. The blue dotted lines indicate the reduction osteotomy of the posterior and superior aspects of the neck and the L-shaped (superior towards anterior) 
incision of the periosteum for safe development of the extended periosteal flap leaving intact the terminal subsynovial branches of the deep branch of the 
medial femoral circumflex artery. The head is securely fixed with a K-wire. b) After removal of all the cartilage of the growth plate two distal and one proximal 
antegrade boreholes for later definitive stabilization of the epiphysis are made. This technical modification allows optimal positioning of the definitive 
implants at the level of head-neck junction. c) After manual reduction of the femoral head, a first provisional K-wire is introduced antegrade through the fovea 
of the head and the head offset is controlled visually and manually all around the neck. Then two retrograde K-wires are introduced from the anterior aspect 
of the neck, the first K-wire removed, the hip relocated and hip clearance checked. Correct bleeding out of a borehole of the head is assessed after reduction 
and provisional fixation.

were not normally distributed, we only used nonpara-
metric tests, the Wilcoxon’s signed-rank test to compare 
dependent variables, and the Mann-Whitney U-test for 
independent variables.

Results
All 17 patients were available for a clinical and radio-
logical assessment, and nobody was lost to follow-up. 
There were no complications during and after surgery 
such as deep or superficial infection, nerve or vascular 
injury, and thromboembolic problems. At follow-up, all 
hips were preserved and no total hip arthroplasty was 
performed. All patients walked without limping. Pelvic 
obliquity was seen in three patients due to a leg length 
discrepancy of between 0.5 cm and 2.0 cm. The force 
of the hip abductor muscles was found to be normal 
and the Trendelenburg sign was negative in all patients. 

The anterior impingement test was positive in five hips. 
The functional outcome scores showed little to no pain 
and a good subjective function. This is illustrated with 
a mean mHHS of 88.7, HOOS of 87.4, MdA of 16.5, and 
UCLA Activity Score of 8.4 points (Table I).

Radiographic analysis revealed eight hips presenting a 
mild, eight a moderate, and two a severe slip. The Klein 
line was positive in 15 hips. Preoperatively, the modified 
Alpha-angle on the AP view was 75° on the SCFE side and 
52° on the contralateral side. On the axial views, the mean 
posterior slip angle was 31° and the Alpha-angle 92° on 
the SCFE, and 50° on the opposite side. The postoperative 
analysis reveals that the surgical reduction of the epiph-
yses was correct in all hips documented by the normal-
ization of all the measured angles. The mean slip angle 
of 31° was corrected to minus 6°, which means more 
neutral positioning with respect to the present posterior 
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Table I. Demographic data, classification, clinical results, and re-operations

Hip Sex
Age 
years Side Severity Chronicity Stability

FU 
years Result mHHS HOOS MdA UCLA Re-operations Interval

1 M 13.8 left severe chronic stable 9.4 AVN
OA 3

95.00 97.5 16 10 Re-ORIF
ROH

5 months, 
9 months

2 M 13.6 left severe acute on 
chronic

stable 9.6 100.00 98.8 18 9

3 F 11.5 left moderate acute on 
chronic

unstable 5.8 64.00 57.5 15 6 ROH 6.3 years

4 M 12.9 right moderate acute on 
chronic

stable 4.7 100.00 99.4 18 10

5 F 12.8 left moderate acute on 
chronic

stable 9.2 95.80 95.0 17 9

6 M 14.9 left moderate acute on 
chronic

stable 18.1 65.00 34.4 15 6 Open offset correction
ROH

4.1 years
7.9 years

7 M 15.2 left moderate acute on 
chronic

unstable 5.1 52.00 66.3 14 5 Arthroscopic offset 
correction contralateral

5.2 years

8 M 17.0 left moderate acute on 
chronic

stable 5.2 99.83 100.0 18 10

9 M 6.8 right moderate acute unstable 20.8 81.00 87.5 16 9 ROH
Open offset correction

4 months, 
16.4 years

10 M 13.7 left moderate acute on 
chronic

unstable 9.1 95.90 97.5 17 9

11 M 13.0 left mild acute on 
chronic

stable 4.2 100.00 98.8 18 9

12 M 11.5 left mild acute on 
chronic

stable 10.9 92.75 92.5 16 9

13 M 12.1 left mild acute on 
chronic

stable 7.3 97.00 97.9 18 10

14 M 13.0 left mild acute on 
chronic

stable 5.7 AVN
OA 2

94.00 97.5 16 9 Re-ORIF 3 months

15 M 11.0 left mild acute on 
chronic

stable 8.2 99.80 100.0 18 10

16 M 12.5 right mild acute on 
chronic

stable 6.6 100.00 100.0 18 10

17 M 12.3 right mild chronic stable 15.8 OA 1 82.00 76.3 16 6

18 M 14.1 left mild chronic stable 14.0 OA 1 82.00 76.3 14 6

mean 12.9 9.4 88.7 87.4 16.5 8.4
min 6.8 4.2 52 34.4 14 5
max 17.0 20.8 100 100 18 10

mHHS modified Harris Hip Score
HOOS Hip Disability and Osteoarthritis Outcome Score
MdA Merle d’Aubigné Score
UCLA University of California at Los Angeles Activity Score

slope of the contralateral side of 10°. At follow-up only 
the Alpha-angle on the AP view increased significantly 
from 49° to 61° (p = 0.0429), while the Alpha- and Beta-
angles on the axial view remained unchanged (Table II).

Among the 18 hips two hips presented AVN with 
concomitant OA grade 2 and 3. In one patient with a 
delay of diagnosis of 1.5 years, AVN was diagnosed during 
surgery; the second patient was revised at three months 
after the index procedure due to secondary displacement, 
implant fatigue failure and intra-articular protrusion of 
the K-wires (Figures 2a-e, 3a-c). At long-term follow-up 
both patients reported good subjective outcomes (mHHS 
95, HOOS 97.5, MdA 16, UCLA 10, and 94, 97.5, 16, 9, 
respectively). Heterotopic ossifications stage 1 was seen 
in three hips. Development of slight signs of OA (grade 

1) was observed in two hips at 14 and 16 years after the 
index operation.

Six patients needed a total of nine revision surgeries. 
One operation was performed for surgically induced 
lateral hip subluxation, one for secondary displace-
ment and implant failure, two for late femoroacetabular 
impingement (FAI) at four and 16 years, one for FAI of the 
opposite hip at five years, and four for implant removal. 
A cam morphology was observed in a total of eight hips, 
four had a mild, four a severe deformity at the head-neck 
junction.

Discussion
This study is the third long-term report in the literature 
beside the published work of Ziebarth and Lerch.2,24 It 
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Fig. 2

a) 13.7 years old patient presenting with a 1.5-year history of left knee pain showing a severe chronic slip. b) Postoperative radiograph showing 
overcorrection with severe valgus position of the epiphysis and concomitant lateralization of the head. The head shows radiotransparency as sign of pre-
existing AVN in its superior segment. c) Shows AVN with lateral femoral head subluxation at 12 weeks. d) Anteroposterior radiograph after the second hip 
dislocation with varisation of the epiphysis to re-center the hip and rotate the necrotic parts of the femoral head out of the weight-bearing area. e) Situation 
at 9.5 years. f) The femoral head is re-centered in both planes and the necrotic parts of the head at least partially remodeled. The subjective outcome is good 
(mHHS 95, HOOS 97.5, MdA 16, UCLA 10).

Fig. 3

a) Shows the postoperative result in a 13.3-year-old patient who presented with a mild SCFE. Stabilization was performed using only two threaded K-wires. 
b) At 12 weeks, secondary dislocation, implant fatigue failure and intra-articular protrusion of one K-wire occurred, needing revision surgery. c) Radiographic 
result at six years showing partial AVN and flattening of the lateral head segment. In addition, the adjacent acetabulum is sclerotic and flattened due to the 
remodeling process. Nevertheless, the outcome is good (mHHS 94, HOOS 97.5, MdA 16, UCLA 9).

shows at an average follow-up of more than nine years 
for good hip function, and a low rate of AVN and OA 
in patients with SCFE treated with the modified Dunn 
procedure. The rate of surgical complications was low, 
although six out of 17 patients needed further surgical 
interventions (Table  I). The patient reported outcome 
was good to excellent in 14 patients (15 hips) based on 
the scores. Moderate slips showed a tendency towards 

lower scores and a higher re-operation rate, but differ-
ences were statistically not significant. Good to excellent 
results are also reported by other authors.18,20The radio-
logic outcome elucidates that with the open surgery the 
capital realignment could be achieved in all hips. But at 
nine years the modified Alpha-angle increased, creating 
a concomitant decrease of the offset at the superolateral 
head neck junction. This phenomenon could be explained 
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by a radiologically visible bell-shaped morphology of the 
proximal femur due to remodeling and osteogenic activity 
of the resutured periosteal sheet. In our study, the rate of 
postoperative AVN reached 5.6% and is comparable with 
other recent studies.16,24 After the modified Dunn proce-
dure, low2,17,18,20,22,40,41 and high rates up to 29%21,23,42-46 of 
AVN are reported. After in situ pinning, AVN is seen in 4% 
to 42%,21,43,47 and even after prophylactic fixation of the 
contralateral hip AVN can occur.48 These differences could 
be attributed to differences in the applied surgical tech-
nique, or different delay between diagnosis and surgery. 
The two patients in our series presenting AVN radiolog-
ically are only slightly symptomatic and have a good 
long-term clinical outcome. Asymptomatic OA grade 1 
was seen in both hips of a patient suffering from bilat-
eral SCFE. This low rate of OA is comparable with other 
studies using the same reduction technique.21,22,24 Higher 
rates are reported after in-situ pinning with long-term 
follow-up. Castañeda49 reports after 20 years OA grade 2 
in 26.4% and OA grade 3 in 62% of patients.

In our series, five hips had a positive anterior impinge-
ment test, but only two of them had a pathological 
Alpha-angle on the axial view. Cam-type morphology50 
and positive impingement tests are also reported in the 
literature being between 20% and 79.3%.7,49 But surgical 
revisions due to FAI are performed in only up to 16% of 
the SCFE hips.2,17,18,20,22,42 This corresponds to our study 
with a revision rate of two out of 18 SCFE hips, and one 
arthroscopic offset correction on the contralateral side. 
Nevertheless, early cartilage degeneration and OA seem 
to be related to persisting FAI in adulthood.49

Several advantages of the modified Dunn procedure 
have to be mentioned. First, it permits the complete 
removal of the postero-inferior callus and allows epiph-
yseal reduction without stretching or kinking of the reti-
nacular vessels. Second, capital realignment and offset at 
the head-neck junction can be directly visualized. Third, 
impingement free movement of the hip can be tested 
intra-operatively. Fourth, the blood supply to the femoral 
head can be checked during surgery and measures for 
improvement during surgery are possible. And fifth, the 
correct extra-articular position of all implants can be 
assured without image intensifier, thus avoiding intra-
articular implant penetration with subsequent chon-
drolysis.51 Our proposed modification of the fixation 
technique has the advantage of correct positioning of 
the implants at the most critical area of the head neck 
junction and allows assessment of hip clearance with the 
provisional fixation.

Our study has some limitations. First, we have no 
control group allowing comparison with another treat-
ment. Second, all patients were treated with the same 
surgical technique, regardless of the severity, stability, 
or chronicity of the slip. Third, we did not include pre-
operative movement of the hips, as correct measurement 

in a painful SCFE hip would not be reliable. This study 
presents some strength: first, all patients declared written 
consent for clinical and radiological examinations and no 
patient was lost for follow-up. Second, all the operations 
were performed by one surgeon. Third, all patients were 
personally examined by the authors in the outpatient 
department.

Conclusion
The modified Dunn procedure offers the technical possi-
bility to achieve near anatomical realignment of the 
capital epiphysis in SCFE hips. Long-term outcome data 
show good to excellent scores, nearly normal hip func-
tion and low rates of AVN or progression of OA. In our 
opinion, all severity groups of SCFE should be treated the 
same way to restore normal hip morphology. But AVN 
remains a significant risk and later surgical hip revision 
due to cam-type morphology and symptomatic femoro-
acetabular impingement may be needed.
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