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 ABSTRACT  

Article information 
Background: The optimal course of treatment for moderate to severe stable slipped 

capital femoral epiphysis [SCFE] is still up for debate. There are a few 

acknowledged drawbacks to in situ pinning in these situations. Because of this, a 

number of writers have begun to contemplate using a modified Dunn technique 

on such individuals. 

Aim: This study aimed to analyze literature comparing modified Dunn's approach and 

percutaneous in situ fixation in patients with moderate or severe SCFE 

Methods: A search strategy was formulated firstly then we used it on different 

databases such as PubMed, Web of Science, Cochrane Library, and Scopus to 

reach the studies compared the modified Dunn procedure versus in situ fixation 

for SCFE. Screening was done followed by data extraction and statistical analysis 

of the outcomes.   

Results: The literature search process yielded 802 records. After primary and secondary 

screening, the, meta-analysis incorporated six studies. The meta-analysis of 

avascular necrosis, based on data from four trials including a total of 240 patients, 

did not show a preference for either of the two groups [RR 2.95, 95% CI [0.55 to 

15.72], P=0.21]. 

Conclusion: The clinical outcomes in the short- to medium-term were comparable 

between patients with moderate to severe SCFE who underwent in situ fixation 

and those who underwent the modified Dunn's operation. 
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INTRODUCTION 

Slipped capital femoral epiphysis [SCFE] is a prevalent disease, 

with an incidence of around 8 to 10 cases per 100,000 teenagers in the 

Western world. Although the main cause is unknown, there are several 

important risk factors for this condition, including childhood obesity, 

and being male [1]. SCFE is typically categorized based on the length 

of time the clinical symptoms last, with acute cases lasting up to 3 

weeks, chronic cases lasting more than 3 weeks, and acute on chronic 

cases. Additionally, SCFE can be classed as stable or unstable 

depending on the walking capacity of the affected patient. Patients 

with stable hips may bear weight, either with or without crutches. 

However, patients with unstable hips are unable to bear weight, even 

with the assistance of crutches [2]. It can also be categorized as mild, 

moderate, or severe based on the slip angle. These categorizations 

assist surgeons in selecting the optimal course of treatment [3]. Surgical 

intervention is typically necessary to stabilize the slipping capital 

femoral epiphysis, ensuring the early fusion of the proximal femoral 

physis and preventing additional displacement and deformity. Screw 

fixation performed in situ is the prevailing method for treating stable 

SCFE, irrespective of the extent of deformity [4].  

Presently, there is a dearth of agreement regarding the optimal 

therapy for moderate or severe stable SCFE. In such instances, the 

technique of in situ pinning is associated with some drawbacks, 

including the persistence of femoral head-neck deformity, a high 

likelihood of femoroacetabular impingement [FAI] in the future, 

potential damage to the articular cartilage, and less than desirable 

results [3]. As a result, many authors have proposed using a modified 

Dunn method for these patients. However, it is important to note that 

this procedure has a greater incidence of avascular necrosis [AVN] in 

the short term [5, 6]. This method stabilizes the epiphysis and rectifies 

the deformity in a single surgical procedure by restoring the 

anatomical structure of the femoral head and neck, perhaps preventing 

any long-term consequences of femoroacetabular impingement. 

Moreover, when handled by skilled individuals, Dunn is considered 

safe, with minimal rates of complications [3,7]. So, this study aims to 

compare the modified Dunn's method and percutaneous in situ 

fixation in patients with moderate or severe SCFE. 

METHODS 
 

Upon the PRISMA guidelines we performed our systematic 

review. 

Literature search strategy 

Three authors act independently to search on network databases 

including PubMed, Cochrane Library, Web of Science, EMBASE and 

Scopus to identify randomized controlled trials, retrospective studies 

and prospective studies published from 1985 to September 2022. A 

search strategy was established [Dunn OR [Modified Dunn] OR 

[Dunn’s procedure] OR [capital realignment]] AND [[Slipped Capital 

Femoral Epiphysis] OR [slipped upper femoral epiphysis]] AND 

[pinning OR fixation OR [in situ fixation]] 

Eligibility criteria: We included all RCTs, retrospective and 

prospective studies match with the following inclusion criteria:  

(1) Populations: SCFE patients. 

(2) Intervention: modified Dunn procedure  

(3) Comparator: in situ fixation 

(4) Outcomes: alpha angle, Southwick angle, avascular 

necrosis, chondrolysis, implant fail, osteonecrosis, 

reoperation and slip progression. 

Our exclusion criteria were: 1] Non-English publications, 2] 

Reviews, editorial, letters, and book chapters, and 3] Other surgical 

approaches. 

Screening: Firstly title/abstract screening was done followed by 

full-text screening. Searching databases in a total of 802 studies y. We 

excluded 742 studies due to the following factors: 420 of an irrelevant 

topic, while did not match all the inclusion criteria of the study design. 

Additionally, 15 publications were published in none English 

language. After conducting a thorough analysis of the complete text of 

the remaining 60 articles, using specific criteria to determine which 

research to include and exclude, 6 papers were chosen to be included 

in the current review. Publications published between 2013 and 2022 

were chosen for analysis. These publications covered a total of 412 hip 

cases, with follow-up periods ranging from 0.5 to 10 years. Out of 

these, 274 were classified as stable, 50 as unstable, and the remaining 

88 were categorized as unknown. 

Data extraction and Risk of Bias assessment: We extracted 

the characteristics of each study as following: first author, study 

design, year of publication, duration of study, country, population 

number, Operation procedures. The Newcastle-Ottawa Scale tool was 

used for the quality assessment of the studies. 

Outcomes: Outcomes of the study were femoral head avascular 

necrosis, chondrolysis, implant fail, osteonecrosis, reoperation and slip 

progression. Continuous variables were expressed as mean ± standard 

deviation, and dichotomous variables are expressed by event number 

and total number. 

Statistical analysis: The frequency of occurrences and the total 

number of patients in each group were combined to calculate the risk 

ratio between the two groups using the Mantel-Haenszel [M-H] 

random-effects model for dichotomous data outcomes. The statistical 

analyses were conducted using Stata/MP version 17 for Microsoft 

Windows. Statistical heterogeneity among studies was evaluated by 

the Chi-square test [Cochrane Q test]. Then, the chi-square statistic, 

Cochrane Q, was used to calculate the I-squared according to the 

equation: I2=(
𝑄−𝑑𝑓

𝑄
) 𝑥100%. A Chi-square P value less than 0.1 was 

considered as significant heterogeneity. I-square values ≥50% were 

indicative of high heterogeneity. 

RESULTS  

Literature search results and study selection  

The literature search method yielded a total of 802 records. 

After conducting a thorough review of the titles and abstracts, a total 

of 60 articles met the criteria for further examination of the full text. 

Out of the total of 60 investigations, only six papers were selected for 

the meta-analysis. In addition, the references of the included research 

were thoroughly examined through manual search, and no more 

publications were deemed relevant for inclusion. The research 

selection process is visually represented in the PRISMA flow diagram 

[Figure 1]. 
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Study characteristics: A total of 412 patients with SCFE who 

underwent surgery with either modified Dunn or in situ fixation were 

included in all of the trials. All the research considered in the analysis 

were retrospective observational studies, totaling six in number. Table 

1 provides a summary of the features of the studies that were included, 

while Table 2 displays the summary and baseline characteristics of the 

people involved in this research. 

Risk of bias within studies: Risk of bias in individual studies 

was analyzed using the Newcastle-Ottawa Scale. The results are 

displayed in Table 3. 

Avascular Necrosis: The pooled analysis of the avascular 

necrosis reported by four studies [n=240 patients] did not favor either 

of the two groups [RR 2.95, 95% CI [0.55 to 15.72], P=0.21]. The 

pooled studies were not homogenous [P=0.07; I2=54.5%] [Figure 2]. 

Chondrolysis: The pooled analysis of the chondrolysis 

reported by four studies [n=275 patients] did not favor either of the 

two groups [RR 1.84, 95% CI [0.47 to 7.27], P=0.38]. The pooled 

studies were homogenous [P=0.22; I2=32.78%] [Figure 3]. 

Osteonecrosis: The pooled analysis of the osteonecrosis 

reported by four studies [n=344 patients] did not favor either of the 

two groups [RR 2.15, 95% CI [0.58 to 7.99], P=0.25, Figure 5]. The 

pooled studies were homogenous [P=0.70; I2=0%] [Figure 4]. 

Slip progression: The pooled analysis of the slip progression 

reported by three studies [n=247 patients] did not favor either of the 

two groups [RR 1.42, 95% CI [0.26 to 7.62], P=0.68, Figure 5]. The 

pooled studies were homogenous [P=0.26; I2=23.73%]. 

Failure of implant: The pooled analysis of the failure of 

implant reported by three studies [n=215 patients] did not favor either 

of the two groups [RR 1.27, 95% CI [0.33 to 4.85], P=0.73,]. The 

pooled studies were homogenous [P=0.83; I2=0%] [Figure 6]. 

Re-operation: The pooled analysis of the re-operation reported 

by four studies [n=285 patients] did not favor either of the two groups 

[RR 1.20, 95% CI [0.38 to 3.81], P=0.76]. The pooled studies were 

not homogenous [P=0.05; I2=62.39%] [Figure 7]. 

Alpha angle: The overall standardized mean difference [SMD] 

of the alpha angle reported by four studies [n=182 patients] was less 

in the modified Dunn’s group than in the situ fixation group [SMD -

4.36, 95% CI [-6.21 to -2.52], P=0.0001]. The pooled studies were not 

homogenous [P=0.001; I2=90.60%] [Figure 8]. 

Southwick angle: The overall standardized mean difference 

[SMD] of the Southwick angle reported by three studies [n=156 

patients] was less in the modified Dunn’s group than in the situ 

fixation group [SMD -5.06, 95% CI [-9.45 to -0.68], P=0.02]. The 

pooled studies were not homogenous [P=0.001; I2=97.90%] [Figure 

9]. 

 

 

 

 
Figure [1]: PRISMA flow diagram. 
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Figure [2]: Pooled analysis of the avascular necrosis in the included studies.  

 

 
Figure [3]: Pooled analysis of the chondrolysis in the included studies. 

 

 
Figure [4]: Pooled analysis of the osteonecrosis in the included studies 

 

 
Figure [5]: Pooled analysis of the slip progression in the included studies 
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Figure [6]: Pooled analysis of the implant failure in the included studies. 

 

 
Figure [7]: Pooled analysis of the re-operation in the included studies. 

 

 
Figure [8]: Pooled analysis of the re-operation in the included studies 

 
Figure [9]: Pooled analysis of the Southwick angle in the included studies 
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Table [1]: Baseline characteristics of included studies. In In situ fixation 

Author Trisolino et al Novais et al Galletta et al Arora et al. Soulder et al. Jin et al. 

Location Italy USA Italy India USA Canada 

Study design Retrospective cohort Retrospective cohort Retrospective cohort Retrospective cohort Retrospective cohort Retrospective cohort 

N 29 30 110 26 88 129 

Final 

follow-up 

7 years 6 years 10 years 4 years 2.5 years 6 months 

Number 

of hips 

14 

 

15 22 18 71 118 

Gender 

[M/F] 

11/3 9/6 20/1 NA 46/25 83/35 

Age at 

surgery 

13±1 13 12.9 NA 12.2±1.6 12.6±2.75 

BMI 

[kg/m2] 

24±4 NA 23 NA NA NA 

Preoperative 

Southwick 

angle [°] 

62±9 63 NA 59±18 NA NA 

Stability of 

slip [stable/ 

unstable] 

14/0 15/0 22/0 16/2 NA 90/28 

NA: Not Applicable  
 

Table [2]: Baseline characteristics of included studies in Modified Dunn’s procedure. 

Author Trisolino et al Novais et al Galletta et al Arora et al. Galletta et al. Jin et al. 

Location Italy USA Italy India USA Canada 
Study design Retrospective 

cohort 

Retrospective 

cohort 

Retrospective 

cohort 

Retrospective 

cohort 

Retrospective 

cohort 

Retrospective 

cohort 
N 29 30 110 26 88 129 
Final 

follow-up 
7 years 6 years 10 years 4 years 1.5 years 6 months 

Number 

of hips 
14 15 81 8 17 11 

Gender 

[M/F] 
11/3 11/4 59/17 NA 11/6 5/6 

Age at 

surgery 
13.9±2.3 14 13.6 NA 12.2±1.6 11.7±1.45 

BMI 

[kg/m2] 
24±4 NA 24.2 NA NA NA 

Preoperative 

Southwick 

angle [°] 

68±11 65 NA 72±37 NA NA 

Stability of 

slip [stable/ 

unstable] 

15/0 15/0 81/0 0/8 NA 6/5 

NA: Not Applicable  
 

Table [3]: Newcastle Ottawa Scale for risk of bias assessment within the studies. 

 

 

 

 

Author 

Selection Comparability 

  

Outcome  

Representativeness 

of modified 

Dunn’s 

procedure cohort 

Selection 

of in situ 

fixation 

cohort 

Ascertainment 

of exposure 

Outcome 

of interest 

not 

present at 

the start 

of study 

Assessment 

of outcome 

Follow-up length Adequacy of 

follow-up 

Trisolino et al 1 1 1 1 2 1 1 1 

Novais et al 1 1 1 1 2 1 1 0 

Galleta et al 1 1 1 1 2 1 1 1 

Arora et al 1 1 1 1 1 1 1 1 

Soulder et al 1 1 1 1 2 1 1 1 

Jin et al 1 1 1 1 2 1 1 1 
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DISCUSSION 

Our study indicated that patients with moderate or severe slips 

who undergo the modified Dunn's approach have similar short-term 

clinical results to those who have in situ fixing.  

As regards the gender distribution of the patients in the included 

studies, the pooled data revealed that the SCFE more prevalent in male 

than female. This is in agreement with the previous literature, which 

reported that the incidence of SCFE in male 1: 7500, and 1: 12500 in 

female [2]. So, the male gender may be considered a risk factor for 

occurrence of SCFE. However, this disagree with the results of 

Witbreuk et al. [8] who found no difference between the boys and girls 

in the incidence of the SCFE.  

In terms of AVN; The incidence of AVN was variable, with 

some studies reporting no cases of AVN in the two procedures, to 

some with a high incidence of up to 33.3% of AVN in in situ fixation 

group [3]. A total of 8 [5%] cases of AVN were reported in the in-situ 

fixation, and 23 [19.8%] cases in the modified Dunn’s. Pooled data 

from four studies that reported AVN revealed that the modified 

Dunn’s riskier to develop AVN than in situ fixation by 2.9 times, 

however, this difference between the two procedures was not 

significant. This is in agreement with previous trials which studied the 

modified Dunn’s alone in the treatment of SLCFE.  

Davis et al. [9] treated thirty-one consecutives unstable SCFEs 

by modified Dunn’s procedure and reported AVN up to 50 % of the 

cases which is in line with our study findings.  However, Sikora-Klak 

et al. [10] reported 29 % incidence of AVN in the modified Dunn’s 

procedure in comparison to Femoral Osteotomy as the osteotomy 

avoids damage to the vascular supply of the femoral head, which 

disagree with our finding. 

Two studies [3,11] conducted intraoperative monitoring of 

vascularity. In contrast to in-situ fixation, the modified Dunn's method 

is conducted as an open operation to achieve alignment, resulting in 

enhanced radiological characteristics.  

Although the technique was open, the reported incidence of 

avascular necrosis was not significantly greater than that observed in 

patients who underwent in situ fixation. While these studies 

demonstrate positive radiological results in the modified Dunn's 

technique group, it is important to note that this may not be applicable 

to other medical centers due to the presence of a learning curve [1]. 

It is widely acknowledged that in complex procedures, the skill 

and knowledge of the surgeon have a substantial impact on the results 

of the surgery. Furthermore, due to the high prevalence of stable slips 

among the participants, it is challenging to make any conclusive 

statements regarding the incidence of problems in unstable hips. 

Patients with moderate or severe slipped capital femoral 

epiphysis [SCFE] who undergo in situ fixation may have a possible 

risk of developing symptomatic femoroacetabular impingement 

[FAI]. In SCFE, the epiphysis is displaced posteriorly and medially, 

causing the femoral metaphysis to be positioned anteriorly and 

laterally. This might potentially lead to the femoral metaphysis 

coming into contact with the front part of the acetabulum when the hip 

is flexed [1]. 

As regards the implant removal, three of the included studies 

reported implant removal, in Galletta et al. [3]; Implant removal was 

routinely scheduled after ossification of the growth plate and not 

earlier than 1 year after index surgery, however they removed it earlier 

for seven complicated cases in modified Dunn’s and for two cases in 

in situ fixation.  

In Souder et al. [13], they reported only one case of implant 

failure in the in-situ fixation. Unlike to Novais et al., [7] who reported 

one case of implant failure in the modified Dunn’s.  

Although our result showed that the implant failure was more 

prevalent in the modified Dunn’s than the in-situ procedure, which 

agree with Huber et al. and Ziebarth et al. [14,15] who reported 13%, 

7.5% implant failure in modified Dunn’s respectively, this difference 

in our meta-analysis was not significant statistically. 

In terms of radiological outcomes, the Southwick slip angle and 

Alpha angle] improved significantly, which agree with previous Meta-

analysis [1].   

Traditional cannulated or completely threaded screws were used 

for in situ fixation in all of the included trials in our meta-analysis. It 

is important to note that this does not capture the complete range of 

treatment choices open to orthopedic surgeons. Unthreaded fixation 

methods, including the Hansson hook-pin or proximally threaded 

screws, as well as growing implants like the Pega Medical Free 

Gliding and Synthes SCFE screws, may promote greater remodeling 

of the hip and hence prevent coxa breva after fixation [16,17].  

There was a 50% chance of remodeling after traditional pinning 

in cases of moderate to severe slides, according to previous study [18]. 

However, it has yet to be thoroughly determined how much of an 

improvement in remodeling can be expected with the use of these 

devices and how much of an effect that improvement will have on 

long-term clinical results. 

Our study has multiple limitations. Initially, there is a scarcity 

of research that directly compares the two therapies. Most studies have 

a limited sample size, which might result in a small-study effect, 

characterized by an exaggeration of the treatment effects.  

All the utilized studies were retrospective, potentially 

introducing bias due to their methodology. Due to the limited size of 

the groups, it is probable that the surgeon's expertise or personal 

preference influenced the selection of one intervention over the other.  

In addition, with the exception of one study, all other studies just 

examined steady slips, potentially exerting a significant influence on 

the outcomes. Moreover, the clinical outcome measures exhibited 

significant variations, rendering the conduct of a meta-analysis 

unfeasible.  

Furthermore, there was a significant disparity in the radiological 

findings, which did not correspond to the evaluation of avascular 

necrosis or chondrolysis rates. This discrepancy may have arisen due 

to variations in the calculation of radiography values among different 

observers. Nevertheless, the presence of methodological variability 

may have also influenced the outcome. 
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Conclusion:  

The clinical outcomes in the short- to medium-term were 

comparable between patients with moderate to severe SCFE who 

underwent in situ fixation and those who underwent the modified 

Dunn's operation 

Disclosure: None to be disclosed  
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