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Background and purpose — The best treatment option for severe 
slipped capital femoral epiphysis (SCFE) is still controversial. We 
compared clinical and radiographic outcomes of modifi ed Dunn 
procedure (D) and in situ fi xation (S) in severe SCFE.

Patients and methods — We retrospectively compared D and 
S, used for severe stable SCFE (posterior sloping angle (PSA) > 
50°) in 29 patients (15 D; 14 S). Propensity analysis and inverse 
probability of treatment weights (IPTW) to adjust for baseline 
differences were performed. Patients were followed for 2–7 years.

Results — Avascular necrosis (AVN) occurred in 3 patients out 
of 15, after D, causing conversion to total hip replacement (THR) 
in 2 cases. In S, 1 hip developed chondrolysis, requiring THR 3 
years after surgery. 3 symptomatic femoroacetabular impinge-
ments (FAI) occurred after S, requiring corrective osteotomy in 
1 hip, and osteochondroplasty in another case. The risk of early 
re-operation was similar between the groups. The slippage was 
corrected more accurately and reliably by D. The Nonarthritic 
Hip Score was similar between groups, after adjusting for preop-
erative and postoperative variables.

Interpretation — Although D was superior to S in restoring the 
proximal femoral anatomy, without increasing the risk of early 
re-operation, some concern remains regarding the potential risk 
of AVN in group D. 

■

The slipped capital femoral epiphysis (SCFE) generally 
requires surgical management to stabilize the epiphysis, 
achieving early fusion of the proximal femoral physis and 
avoiding further displacement and deformity. 

In situ screw fi xation (S) remains the most common treat-
ment for stable SCFE, regardless of the degree of deformity 

(Loder et al. 2012). Nonetheless, severe SCFE may lead to 
functional impairment, femoroacetabular impingement (FAI), 
and progression to osteoarthritis (Ganz et al. 2003). Although 
the optimal treatment of these cases remains controversial, 
some authors agree that a severe displacement should be cor-
rected during the same operation (Ziebarth et al. 2009, Novais 
et al. 2015, Sikora-Klak et al. 2017, Trisolino et al. 2017). 

In recent years, the modifi ed Dunn procedure (D) by means 
of surgical hip dislocation (Leunig et al. 2007, Ziebarth et 
al. 2009) has gained in popularity. The technique stabilizes 
the epiphysis and corrects the deformity in a single interven-
tion, by restoring the femoral head–neck anatomy, possibly 
avoiding FAI sequelae. Furthermore, in experienced hands, 
D is safe, with low complication rates (Leunig et al. 2007, 
Ziebarth et al. 2009, 2013, Slongo et al. 2010, Skin et al. 
2011, Novais et al. 2015). Nonetheless, some authors report 
increased rates of avascular necrosis (AVN) of the femoral 
head and major complications, requiring revision surgery and 
total hip replacement (THR) in the short follow-up (Alves et 
al. 2012, Sankar et al. 2013, Souder et al. 2014, Javier et al. 
2017, Sikora-Klak et al. 2017). 

We compared the clinical and radiographic outcomes of D 
and S in severe stable SCFE.

Patients and methods
Study design
We retrospectively studied prospectively gathered data, com-
paring D and S in severe stable SCFE. The D was introduced 
in 2011 in our center; the learning curve of a senior surgeon (a 
well-trained hip specialist, who habitually performs approxi-
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mately 300 hip operations per year) was supervised by 2 sur-
geons, highly experienced in D, who also participated in the 
majority of the operations. A local registry, with continuous 
data on patients affected by SCFE, was created and imple-
mented. Our center is a tertiary referral hospital for pediatric 
orthopedics and traumatology, treating 15 to 25 new cases of 
SCFE per year. 

Eligibility
Patients with severe stable SCFE (posterior sloping angle 
(PSA) > 50°), undergoing D, were included in the study. 
During the same period a cohort of patients undergoing S to 
address severe SCFE, according to surgeons’ preference and 
experience, was also included into the study. Because the sur-
geons took turns on duty, the choice of procedure depended on 
the available surgeon and his/her personal preference, thus the 
patients were not randomized.

We excluded mild to moderate SCFE (PSA < 50°) and 
unstable SCFE, based on Loder’s criteria (Loder et al. 1993). 
We also excluded cases treated by different techniques such as 
closed reduction and internal fi xation (CRIF) or intertrochan-
teric osteotomy (ITO) (Figure 1). No cases with associated 
comorbidities were identifi ed in this series (for clinical data on 
all patients, see Table 1, Supplementary data).

From January 2011 to July 2015, 108 patients (114 hips) 
affected by SCFE were admitted to our department. Among 
them 29 hips in 29 patients were eligible for inclusion in the 
study. 15 patients (15 hips) underwent D and 14 patients (14 
hips) underwent S (Table 2). The mean follow-up was 4.3 
(range 2–6.5) years.

Surgical technique
Modifi ed Dunn procedure
The modifi ed Dunn procedure was performed according to the 
previously described technique (Leunig et al. 2007, Ziebarth 
et al. 2009). Postoperatively, patients follow a non-weight-
bearing protocol for 6 weeks followed by protected weight-
bearing with crutches for 6 more weeks. 

In situ fi xation
Via an anterolateral skin incision a guidewire was introduced, 
under fl uoroscopic guidance, in the anterior aspect of the fem-
oral neck aiming toward the center of the femoral head in the 
AP and lateral projections. 2 4.5 mm fully threaded screws 
were placed, transfi xing the femoral physis. Patients were 
allowed partial weight-bearing with crutches for 6 weeks. 

Follow-up 
Patients were followed for a median 4 (2–7) years. The Non-
arthritic Hip Score (NAHS) was used to assess clinical and 
functional outcomes of patients at the latest follow-up (Chris-
tensen et al. 2003). The PSA and the alpha angle on a frog-lat-
eral view of the hip were used to assess the degree of correc-
tion and the radiographic presence of residual FAI deformity 
in the 2 groups.

Statistics
Continuous data were expressed as mean (SD), whereas cat-
egorical and ordinal data were expressed as proportions and 
95% confi dence interval (CI). Normality was tested using the 
chi-square test for categorical variables and the Kolmogorov–

Patients with SCFE who underwent surgery 

between January 2011 and July 2015

 114 hips in 108 patients

Excluded

Patients with mild to moderate 

SCFE (PSA < 50°) a

65 hips in 63 patients

Excluded

Patients with unstable SCFE b

11 hips in 11 patients

Excluded (9 hips in 5 patients):

– underwent Imhauser ITO, 3

– underwent CRIF, 6

Patients with moderate to severe SCFE 

(PSA > 50°)

49 hips in 45 patients

Patients with stable moderate 

to severe SCFE 

38 hips in 34 patients

Eligible for study (29 hips in 29 patients):

– underwent modified Dunn procedure (D group), 15

– underwent in situ fixation (S group), 14

Figure 1. Flow-chart of eligibility criteria. SCFE = slipped capital femo-
ral epiphysis. PSA = posterior sloping angle. ITO = inter-trochanteric 
osteotomy. CRIF = closed reduction and internal fi xation. a All cases 
with mild to moderate SCFE underwent S. b 8 patients were treated 
with CRIF, 1 patient with D, 2 patients with S.

Table 2. Patients’ demographic and preoperative data 

Clinical parameters D group S group p-value

Male/female, n 11/4 11/3 1.0
Side L/R, n   7/8 10/4 0.2
Age at surgery (years) (SD) 13.9 (2.3) 13.0 (1.0) 0.4
Time elapsed from initial 
   symptoms (months) 12 (9)   6 (5) 0.05
BMI (SD) 24 (4) 24 (4) 0.9
BMI-for-age (percentile) 81 (21) 82 (23) 0.9
Preoperative PSA (SD; °) 68 (11) 62 (9) 0.2
Follow-up (SD) 3.7 (1.1) 4.9 (1.2) < 0.01

BMI = body mass index. 
BMI-for-age percentiles were calculated according to the World 
Health Organization charts and tables (www.who.int/growthref/
who2007)
PSA = posterior sloping angle. 
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Smirnov test for continuous variables. Differences in baseline 
and outcome characteristics between D and S were tested 
using Fisher’s exact test for categorical variables and the Stu-
dent’s t-test (normal data distribution) or the Mann–Whitney 
U-test (skewed data distribution) for continuous variables. 
Exploratory univariable and multivariable analyses with Cox 
regression and general linear models were performed to assess 
the impact of the different treatments on the fi nal outcomes. 
Results were presented as crude and adjusted relative risk 
(RR), for the dichotomous outcome variables and crude and 
adjusted mean for the continuous outcome variables; CI were 
reported for both.

To account for potential selection biases between the two 
groups, a propensity analysis was performed (Pirracchio et al. 
2012). For each patient, we estimated propensity scores (PS) 
for receiving D or S, using a binary logistic model that included 
baseline variables (body mass index (BMI)-for-age percen-
tile, according to the World Health Organization charts and 
tables; see www.who.int/growthref/who2007), time elapsed 
from initial symptoms and preoperative PSA). We included 
in the PS model only baseline variables hypothetically related 
to the outcome. The balance of the PS was checked observ-
ing the overlap in the range of propensity scores across the 
two treatments and comparing the quintiles (Garrido et al. 
2014). 1 extreme case not overlapping in the common sup-
port (minima and maxima comparison) was excluded from 
the adjusted analysis. T-test showed no statistically signifi cant 
differences in covariate means between the 2 treatment groups 
after matching.

Examining treatment effects on the outcome across PS quin-
tiles, we did not observe any association between the outcome 
and the probability of receiving either treatment, which means 
that there is no evidence of unmeasured bias (Brookhart et 
al. 2013). Propensity scores were then used to derive inverse 
probability of treatment weights (IPTW), with the inverse of 
the propensity score for patients with D and the inverse of 
1 minus the propensity score for patients with S. Then, the 
IPTW was used to adjust the RR for early revision surgery 
in the two groups. A p-value of < 0.05 was considered to be 
statistically signifi cant, and all reported p-values are 2-sided. 
We used Excel (Microsoft, Redmond, WA, USA) and SPSS 
(version 22.0; IBM Corp, Armonk, NY, USA) for analysis. 

Ethics, funding, and potential confl icts of interest
The study was authorized by the local Ethical Committee. The 
data for this investigation were collected and analyzed in com-
pliance with the procedures and policies set forth by the Hel-
sinki Declaration, and all patients gave their informed consent 
to data treatment. No competing interests declared.

Results 

No statistically signifi cant differences were found between 

groups regarding sex distribution, age at presentation, BMI 
and BMI-for-age percentile, time elapsed from initial symp-
toms, and preoperative PSA. 

The mean follow-up was shorter in D (3.7 (2–5.3) years) 
compared with S (4.9 (2.9–6.5) years), since the D was 
increasingly practiced in the latest years. The follow-up dura-
tion was considered as an independent covariate in regression 
analysis, as the difference between groups could infl uence the 
outcomes.

In D, 3/15 patients (20%; CI 5–49) developed AVN, 3 to 6 
months after surgery. 2 of them underwent THR, 1.4 and 1.8 
years after D respectively, while another patient was scheduled 
for the same procedure at the latest follow-up visit. 1 patient 
developed mild asymptomatic heterotopic ossifi cations. No 
patients in the S group developed AVN

In S, 1 case (7%; CI 4–36) developed chondrolysis 3 months 
after surgery, with severe pain, stiffness, and limping that did 
not regress at 3 years’ follow-up; the patient fi nally underwent 
THR elsewhere, 3 years after S. 3 other cases (21%; CI 6–51) 
developed symptomatic FAI with pain, stiffness, poor range of 
motion, and limping: one patient underwent sub-capital oste-
otomy by mean of surgical dislocation 1.2 year after S; the 
patient further developed septic nonunion, requiring THR 3 
years after S. Another patient underwent femoral osteochon-
droplasty and labral repair 2.9 years after S. Finally, 1 patient 
was scheduled for corrective osteotomy but refused the opera-
tion at the latest follow-up visit.

The overall rate of re-operation was 17% (13% (CI 4–38) 
in D; 21% (CI 6–51) in S). The risk of early re-operation was 
similar in both groups.

The slippage was corrected more accurately and reliably by 
D (Figure 2). The mean lateral alpha angle (50° (15) versus 
89° (13); p-value < 0.0001) and the median PSA (9° (8) versus 
38° (20); p-value < 0.0001) were lower in the D group com-
pared with the S group (Table 3, see Supplementary data). The 
mean difference remained statistically signifi cant after adjust-
ment for IPTW and follow-up duration.

The Nonarthritic Hip Score (NAHS) was similar between 
groups at the latest follow-up, even after adjusting for IPTW 
and follow-up duration (Table 4, see Supplementary data), No 
interactions between NAHS (total and subscales) and preop-
erative or postoperative variables were found (all p-values for 
interaction tests > 0.05). 11 patients were able to return to a 
low to moderate impact sport activity (bicycling, swimming, 
aerobics, running), while 8 patients could return to high-
impact non-professional sport activity (soccer); there was a 
similar distribution between groups.

Discussion

We describe our initial experience with the modifi ed Dunn 
procedure (D) , comparing this technique with in situ fi xation 
(S), which is the traditional treatment for stable SCFE. 
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A fi rst issue is the lack of a clear indication for subcapital 
realignment among the different types and grades of SCFE. 
Some authors encourage the use of this procedure in unstable 
SCFE, due to a substantial decrease of AVN (Leunig et al. 
2007, Slongo et al. 2010, Sankar et al. 2013, Ziebarth et al. 
2013), while other authors warn about a doubled risk of AVN 
following D in unstable hips (Alves et al. 2012). Some authors 
advocate the use of D only in cases of severe SCFE (Madan et 
al. 2013, Novais et al. 2015), because of the general favorable 
prognosis of S in mild SCFE, while other authors suggest D 
also in cases of mild SCFE, to avoid FAI-induced chondro-
labral damage (Ziebarth et al. 2013). Thus an evidence-based 
algorithm of treatment is still lacking.

We started our experience treating cases of severe stable 
SCFE. We hypothesized that the potential risk of AVN could 
be balanced by the expected benefi t of a substantial reduc-
tion of the residual impingement. To test our hypothesis, we 
matched cases of D with cases of S. S is the most widely 
accepted treatment for SCFE at any grade of severity: the 
technical ease, the low risk of complications, and the potential 
role of bone remodeling, with spontaneous improvement of 
the deformity, confi rmed this technique as the gold standard 
of SCFE treatment for years (Loder et al. 2012). 

As expected, the most frequent complication we encoun-
tered in the D group was AVN, which occurred in 3/15 hips but 

in none of 14 hips operated with S. With the small numbers 
available, the difference was not statistically signifi cant, but is 
still a concern. The issue of the learning curve in D has been 
highlighted in other studies. Upasani et al. (2014) reported 
an important association between the surgeon’s volume and 
experience in performing D and the likelihood of major com-
plications. In our series the rate of AVN was consistent with 
previous reports of surgeons at the beginning of the learn-
ing curve (Alves et al. 2012, Sankar et al. 2013, Souder et al. 
2014, Upasani et al. 2014, Javier et al. 2017, Sikora-Klak et 
al. 2017), confi rming that D is technically demanding. Con-
versely, in a previous report, we excluded a substantial impact 
of surgeon’s volume and experience in Imhauser ITOs, as 16 
different surgeons performed 53 procedures across the years 
(Trisolino et al. 2017).

The most important difference between the 2 procedures is 
the restoration of the head–neck anatomy, provided by D. We 
observed better radiographic outcomes in D. Whether or not 
some remodeling was observed also after S, this effect was 
inconstant and incomplete, leaving an important deformity 
in the majority of cases, causing symptomatic FAI in 3/14 
patients, leading to early re-operation or THR. 

FAI has been associated with increased pain, reduced ROM, 
chondrolabral damage, and early hip osteoarthritis (Ganz et 
al. 2008, Agricola et al. 2013, Castaneda et al. 2013). Also, 

Figure 2. Case no. 4. Severe stable SCFE in a 14-year-old boy treated by modifi ed Dunn procedure: a–b: preoperative radiographs; c–d: postop-
erative radiographs; e–f: 3 years’ follow-up after hardware removal. Mild heterotopic ossifi cation can be observed at the latest follow-up.

  a

  b

  c

  d

  e

  f
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the residual deformity in SCFE has been associated with early 
chondrolabral damage (Lee et al. 2013, Klit et al. 2014, Wylie 
et al. 2015). FAI following the surgical treatment of SCFE 
often requires early revision surgery, even THR, similarly to 
AVN. 

2 other retrospective non-matched studies compared D and 
S in the treatment of severe stable SCFE (Souder et al. 2014, 
Novais et al. 2015), while 1 retrospective study compared D 
with ITO (Sikora-Klak et al. 2017). Souder et al. (2014) com-
pared 64 stable SCFE treated by S and 10 stable SCFE treated 
by D and reported 2 cases of AVN in D and no cases in S. The 
authors concluded that stable SCFE should be better treated 
with S to minimize the risk of AVN, postponing the correction 
of the deformity, if need be. 

Conversely, Novais et al. (2015) compared 15 severe stable 
SCFE, treated by D, with a historical series of 15 severe stable 
SCFE treated by S. They found a better radiographic correc-
tion after D and no substantial differences in rate of AVN 
between the two groups but an increased number of re-opera-
tions and worse clinical outcomes following S.

Recently Sikora-Klak et al. (2017) retrospectively compared 
14 D and 12 Imhauser ITO, performed for high-grade stable 
SCFE. They found 3/14 AVN in the D group, but no difference 
in the rate of complications and a slightly higher rate of re-
operations following ITOs. In their experience, ITO allowed 
acceptable correction of the deformity, compared with D.

Our study has several limitations. The retrospective design 
and lack of randomization introduced potential selection 
biases. In particular, the follow-up duration (> 1 year shorter 
in the D group) may underestimate the rate of re-operation in 
D. Conversely the minimum follow-up of 2 years, adequate to 
estimate the incidence of some postoperative complications 
(AVN, nonunion, slip progression), could be insuffi cient to 
evaluate the effect of FAI on the onset of early osteoarthri-
tis. An increase of re-operations and THR could be expected 
in S, because of the high rate of severe FAI (Agricola et al. 
2013). The sample size is underpowered to evaluate, for exam-
ple, the differences in AVN incidence. Finally, the absence of 
MRI confi rmation of the femoral head vitality does not allow 
any defi nitive conclusion to be drawn regarding the onset of 
AVN as a complication of the treatment rather than the dis-
ease. Nevertheless, based on our results, we can affi rm that 
D is superior to S in restoring the proximal femoral anatomy, 
without increasing the rate of revision surgery at short-term 
follow-up. Additional studies are needed to assess the long-
term effectiveness of D, and also in comparison with extra-
articular osteotomies, which are technically easier, showing 
low rates of major complications and satisfactory long-term 
results (Trisolino et al. 2017).

Supplementary data
Tables 1, 3, and 4 are available as supplementary data in 
the online version of this article, http://dx.doi.org/10.1080/ 
17453674.2018.1439238.
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