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Abstract: In situ stabilization is a widely accepted treatment for slipped capital femoral epiphysis
(SCFE) despite risks of avascular necrosis (AVN) and femoroacetabular impingement (FAI). The
modified Dunn procedure with surgical hip dislocation attempts to maintain epiphyseal perfusion
and allows anatomic epiphyseal repositioning, theoretically reducing AVN and FAI risks. We
systematically evaluated the literature, elucidating overall and stability-stratified rates of AVN
following the modified Dunn procedure, and revision rates in non-AVN patients. Using Ovid
and MEDLINE (PubMed), studies involving the modified Dunn procedure were evaluated for age,
stability, preoperative slip (Southwick) angle, ROM at follow-up, outcome metrics, and revisions.
Utilizing a random effect model of proportions, we determined overall and stability-stratified AVN
rates, and revision rates in patients without AVN.673 patients (688 SCFEs) who underwent modified
Dunn procedure were included. Overall AVN rate was 14.3% with a 95% Confidence Interval (CI)
of 9.3 to 20.2%. AVN rate in stable slips was 10.9% (95% CI: 6.0 to 17.1%) and 19.9% (95% CI: 12.8%
to 28.1%) in unstable slips. Revision rate in non-AVN patients was 13.3% (95% CI: 8.3% to 19.2%).
Fixation failures occurred following K-wire or small-caliber (<6.5 mm) screw fixation. Overall mean
Harris Hip Score (HHS) was excellent (>90 points). Mean HHS was 98.9 points (range of means: 86 to
99 points) in stable cases, and 90.5 points (range of means: 73 to 98 points) in unstable cases. Patients
undergoing modified Dunn procedure had excellent clinical outcomes and low incidences of AVN.
Further studies are needed to determine if modified Dunn osteotomy with surgical hip dislocation is
a viable alternative to in situ pinning for treatment of severe SCFE.

Keywords: Slipped Capital Femoral Epiphysis (SCFE); pediatric orthopaedics; pediatric hip

1. Introduction

The current treatment for slipped capital femoral epiphysis (SCFE) is surgical stabi-
lization of the physis with in situ pinning [1–3]. With this treatment, the risk for developing
avascular necrosis (AVN) is about 0–1% in patients who have a stable slip as defined by
Loder et al. [4]. Additionally, several studies have reported overall good clinical outcomes
when managed with this treatment modality [5]. However, as studies with longer follow-up
have emerged, numerous authors have described sub-optimal patient-reported clinical
outcomes with a potential accelerated progression to osteoarthritis [6–8]. Complicating this
finding, studies have shown associations between in situ percutaneous pinning and poorer
health outcomes compared to the general population, which may further compound the
negative outcomes in SCFE treatment [9]. As the anatomy of the proximal femur is often
disrupted, femoroacetabular impingement (FAI) can also develop, which can eventually
lead to pain, severe functional limitations, and osteoarthritis [7,8,10]. The deformity and
debilitating pain may progress to such a degree that it will eventually necessitate a total
hip arthroplasty (THA) [3,11]. Therefore, while in situ fixation remains the most commonly
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used method to treat SCFE patients, the optimal surgical treatment for SCFE remains
undetermined [1]. The long term outcome for hips with significant deformity is likely very
poor, with very high conversion rates to THA at 40–50 years follow up [12].

In order to correct the residual deformity in SCFE, and thus prevent FAI, current
surgical treatment modalities increasingly focus on both stabilizing the “slipped” epiphysis
and restoring anatomic alignment of the epiphysis, which remains in the acetabulum while
the metaphysis displaces anteriorly and externally rotates [13]. Delayed osteotomies away
from the apex of deformity that allow for correction of the anatomic deformity caused by
severe SCFE have been described, but can pose additional problems, such as femoral head
AVN, and do not fully restore anatomic alignment, as a double level compensatory defor-
mity is created [14–19]. Leunig et al. [13] described a technique of epiphyseal realignment
by utilizing a modified Dunn osteotomy with a surgical hip dislocation. Many advantages
have been described with this procedure, including (1) the ability to potentially main-
tain epiphyseal perfusion intraoperatively to minimize the risk of AVN, and (2) anatom-
ically reposition the epiphysis on the femoral neck to theoretically minimize the risk of
FAI [13–15,20,21]. This procedure is technically demanding and may increase the odds of
certain complications such as AVN of the femoral head [13].

Although potentially a successful procedure, there is a paucity of studies describing
the outcomes and definitively establishing the rate of complications for the modified Dunn
osteotomy with a surgical hip dislocation for the treatment of SCFE. Additionally, the
literature describes a wide range for the incidence of AVN [13,22]. Therefore, the purpose
of this study was to assess the overall rate of AVN with the modified Dunn osteotomy and
surgical hip dislocation by systematically reviewing the existing literature. By performing
a systematic evaluation of all current literature, we attempted to (1) determine the overall
and subset-specific rates of AVN in patients who underwent a modified Dunn procedure,
(2) determine the percentage of patients without AVN who required revision surgery, and
(3) determine the mean Harris Hip Scores of this patient population after undergoing the
modified Dunn procedure.

2. Materials and Methods

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines, we performed a literature search using the Ovid and MEDLINE
(PubMed) search engines to determine all studies in which a Modified Dunn osteotomy
was used to manage a patient with SCFE [23]. Using the search strings: “slipped[ti]
AND capital[ti] AND femoral[ti] AND epiphysis[ti]” and “SCFE[ti]” we found a total of
1164 articles published through July 2021 (Figure 1). We then excluded articles published
in languages other than English, obtaining a total of 1096 studies. Additional exclusion
criteria included expert opinions, studies describing different osteotomies for the sequela
of SCFE, those who had a different primary procedure, studies not performed in humans,
and studies with a mean follow-up of less than 12 months.

Following this inclusion/exclusion process, 274 articles remained which were read
in full and were all cross-referenced. Cross-referencing did not yield additional studies.
Review papers and studies involving osteotomies technically different from the original
Modified Dunn osteotomy with surgical dislocation and capital realignment were then
excluded, yielding a total of 29 studies. We then excluded a single case report and one
other study that only had one patient in the modified Dunn group. Finally, a follow-up
study on a previously published dataset was included in the analysis, while the earlier
study was excluded. The final 26 studies that evaluated the modified Dunn procedure for
the treatment of SCFE were assessed in detail and were part of our final cohort.

In all the evaluated studies, we first determined the number of cases and patients
(Table S1, Supplementary Materials). We then determined the patients who had a stable or
unstable SCFE, utilizing the classification system described by Loder et al. [4]. Demographic
characteristics such as age and follow-up were also recorded. Range of motion (ROM)
in degrees at latest follow-up was evaluated. Specifically, we recorded flexion, internal
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rotation in flexion (IR), and external rotation in flexion (ER) from all studies. The mean
displacement (slip) in degrees preoperatively, as defined by the Southwick angle, was
documented for studies in which this information was provided [17].
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Figure 1. Inclusion Criteria Flowchart.

In terms of specific endpoints, we determined the total number of hips that developed
AVN and stratified the number of hips that developed AVN according to their stability as
defined by Loder et al. Then, after excluding patients who developed AVN, we determined
and quantified the number of revisions required. Finally, we determined the number of
AVN patients who underwent total hip arthroplasty within the available follow-up period.

Regarding clinical outcomes, we evaluated all studies in detail to determine the
outcome metric utilized. Studies reported the University of California Los Angeles activity
score (UCLA), Western Ontario and McMaster Universities Arthritis Index (WOMAC)
score, Merle d’Aubigné score, and Harris Hip Score (HHS) (Table S2, Supplementary
Materials). For studies in which a modified HHS was used (range of 0–91 points instead
of 0–100 points), we adjusted the reported values to a 100-point scale to standardize the
findings. Although we attempted to evaluate each outcome metric score, only the HHS
were commonly reported, hence we based our outcomes on this metric. A score greater
than 90 out of 100 points was classified as excellent.

All data were compiled onto an electronic spreadsheet (Microsoft Excel, Microsoft
Office, Redmond, WA, USA). The data were then analyzed using statistical analysis software
(MedCalc version 15.2, MedCalc Software bvba, Ostend, Belgium). Descriptive statistical
analysis was performed with means of means to determine the age, ROM, follow-up, and
outcome metric scores. Utilizing a random effects model of proportions, we determined
the overall rate with its corresponding 95% Confidence Interval (CI) for developing AVN
within the overall, the stable, and the unstable cohorts. The same model was utilized
to determine the proportion of patients who required a revision procedure who did not
develop AVN. These proportions were graphically represented as forest plots (Figure 2).
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Figure 2. Overall rates of Avascular Necrosis.

3. Results

A total of 285 patients (287 SCFEs) were managed with a modified Dunn procedure and
were included in the study. These children had a mean age of 13.0 years (range of means
of 11.9 to 14.3 years) and were followed for a total of 40.4 months (range of means of 12 to
144 months) after the index procedure. Stratifying these hips according to Loder et al., the
stable to unstable ratio was skewed toward stable SCFE at 1.5:1 (397 to 258 SCFEs). Of the
overall cohort who underwent modified Dunn osteotomies, the femoral heads had a mean
slip of 57.3 degrees (range of means of 37 to 72 degrees) as measured by the Southwick angle.

The overall rate of AVN was 14.3% with 95% Confidence Intervals (CI) ranging from
9.3 to 20.2% (Figure 2). Children with stable slips had a lower AVN rate of 10.9% (95% CI:
6.0 to 17.1%, Figure 3), compared with those with unstable slips, in which the rate of AVN
increased to 19.9% (95% CI: 12.8% to 28.1%, Figure 4, Table S4, Supplementary Materials).
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Figure 4. Rates of Avascular Necrosis in Unstable SCFE Cases.

After identifying those who did not develop AVN, we determined that 13.3% of these
children (95% CI of 8.3% to 19.2%, Figure 5) still required a revision procedure. Of the
51 reported revisions that were not performed as a salvage procedure for AVN, two were
due to intra-articular penetration of Kirschner (K) wires, two were the result of clinically
significant limb length difference, five were due to postoperative dislocations, and the
remaining revisions were indicated due to fixation failure, post-operative dislocations, or
correction of impingement (Table S3, Supplementary Materials).
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There was one case of deep surgical site infection that required debridement which ul-
timately resulted in complete femoral head collapse and ultimately required hip fusion [24].
Of the fixation failures, three patients developed AVN after revision procedures: two cases
following revision fixations, and one occurred following a new surgical dislocation and
fixation performed for re-displacement. All of the failures of fixation involved screws
ranging from 3 to 4.5 mm and/or K wires. Sankar et al. reported that following revision to
6.5 mm cannulated screws four cases of broken implants (4.5 mm screws or heavy-threaded
K wires) three revisions were successful, and one developed AVN [22]. Madan et al. used
6.5 mm cannulated screws in all patients, and did not report any implant failures [25].
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The overall clinical outcomes were positive. Utilizing the HSS classification for both the
stable and unstable cohorts, the mean score of the overall cohort was excellent (>90 points).
The overall weighted mean Harris Hip Score at latest follow-up was 93.1 points (range of
means of 76 to 99 points). As expected, the stable cohort had a slightly greater weighted mean
HHS of 98.9 points (range of means of 85.7 to 98.6 points), and the unstable cohort had a
slightly decreased weighted mean HHS of 90.5 points (range of means of 73.2 to 98.3 points).

4. Discussion

The optimal surgical treatment for SCFE continues to be controversial. In situ fixation
has been a widely used method of treatment for SCFE, but FAI and AVN are concerning
complications [3]. The residual deformity due to the lack of anatomical realignment with
in situ fixation of SCFE predisposes patients to cam impingement, subsequent FAI, and
eventual osteoarthritis of the hip joint [3,6–8,10]. Furthermore, studies have reported
rates of AVN as high as 47% in cases of unstable SCFE treated with in situ fixation, with
most North American reports ranging between 20% to 50% [4,26]. The technique of
surgical dislocation and applications of the procedure for conditions such as Legg-Calve-
Perthes disease and idiopathic FAI were described by Ganz et al. in 2001 [27]. Ganz et al.
supported surgical hip dislocation as a procedure that would allow for full exposure of
the femoral head in the surgical treatment of these conditions, without the risk of AVN.
The modified Dunn osteotomy, initially described by Leunig et al. maintains perfusion
to the epiphysis [13]. More specifically, the soft tissue flap aims to prevent tearing or
overextension of retinacular blood vessels during callus debridement of the femoral neck,
and thus may prevent epiphyseal perfusion compromise. With this method, epiphyseal
perfusion can also be monitored intraoperatively by means of laser Doppler flowmetry [13].
It also allows for anatomic repositioning of the epiphysis on the femoral neck, greater
mobility and prevention of FAI. Due to the rarity of the procedure, there has been a paucity
of studies evaluating the outcomes and definitively establishing the rate of complications.

By systematically evaluating all current literature, we found that the overall rate
of AVN in cases of SCFE treated with a modified Dunn was nearly 14%, with overall
excellent clinical outcomes. Comparison of outcome scores across studies is difficult, as
selection of outcome scores is not often uniform. Fortunately, a number of studies within
this meta-analysis have selected the Harris Hip Score. We identified a weighted mean
HHS of 90.5 points (range of means 73.2 to 98.3 points), which compares favorably to HHS
outcomes in percutaneous pinning (ranging from 76 to 90).

Reviewing published studies, we noted increased fixation failure with smaller implants
with the modified Dunn procedure. It is notable that among the cases of fixation failures
described in the studies constituting our meta-analysis, all occurred following fixation
with K wires and/or screws with screw caliber less than 6.5 mm. All the fixation failures
involved screws ranging from 3 to 4.5 mm and/or K-wires. Sankar et al. reported that
following revision for 4 cases of broken implants (4.5 mm screws or heavy-threaded K-
wires) with 6.5 mm cannulated screws, 3 revisions were successful, and one developed
AVN [22]. Madan et al. used 6.5 mm cannulated screws in all patients, and no implant
failures occurred [25].

This study had several limitations. As with all systematic reviews and meta-analyses,
the limitations from each specifically assessed study are also our limitations. In addition, the
evaluated data were largely heterogeneous, which explains our large confidence intervals.
Despite these limitations, this study contains the largest cohort to assess the outcomes of
the modified Dunn osteotomy and is important given the recent increase in popularity
of this technique for SCFE patients. The authors of the present study believe this study
creates a stepping-stone for future randomized controlled studies comparing the modified
Dunn osteotomy to in situ pinning for the treatment of SCFEs. In addition, most of
the literature describing this topic is published by experts/fellowship trained surgeons,
which may oversimplify the complexity of this procedure and may limit the ability for
non-experienced surgeons to obtain these positive results.
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5. Conclusions

We aimed to determine the overall outcomes of the modified Dunn osteotomy as a
treatment option for SCFE. After stratifying patients into stable and unstable cohorts, and
within these into AVN versus no AVN, and ultimately into those requiring arthroplasty
for AVN or revision surgery (despite no AVN); we found overall reduced rates of AVN (as
well as overall excellent clinical outcomes as measured by the Harris Hip Score) in patients
who underwent this procedure.

This study is critical in the current literature because it suggests that the modified
Dunn osteotomy may be a reliable method to treat patients with SCFE. Despite the positive
findings in this meta-analysis, it is important to note that this procedure is technically
challenging, has a steep learning curve, and is recommended to be performed in hands of
experienced surgeons in the proper setting. While further randomized studies are needed
before adopting this technique over in situ pinning in selected unstable or severe slips, this
study suggests that such future studies are warranted given the acceptable low rates of
AVN in patients with unstable SCFE who received this treatment.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/children9111680/s1, Table S1: Study details, Table S2: Outcome
Metrics, Table S3 Revisions in Cases Which did Not Develop AVN, Table S4: AVN in SCFE Treated
with the Modified Dunn Procedure, Table S5: Pre-Operative Degree of Slip (Southwick Angle) and
ROM on Follow-up.

Author Contributions: J.J.J. and P.K.M., contributed to the study conception and design. Material
preparation, data collection and analysis were performed by J.J.J. and T.B.W., S.A.B. and N.M.S.
The first draft of the manuscript was written by N.M.S. and J.J.J. and all authors commented on
previous versions of the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study, due
to this study being a meta-analysis of previously published de-identified data, no personal health
information was accessed for the duration of this analysis.

Informed Consent Statement: Patient consent was waived due to the nature of the study. Previously
published data points were analyzed in this meta-analysis. Individual participants were not identified
nor was their personal health information accessed for the duration of this analysis.

Data Availability Statement: The authors confirm all data, materials, and software support our
published claims, and comply with field standards. As this is a meta-analysis of previously published
data, all data is available for public scrutiny and thus will not be placed in a unique repository.

Conflicts of Interest: On behalf of all authors, the corresponding author states that there is no conflict
of interest.

References
1. Roaten, J.; Spence, D.D. Complications Related to the Treatment of Slipped Capital Femoral Epiphysis. Orthop. Clin. N. Am. 2016,

47, 405–413. [CrossRef] [PubMed]
2. Novais, E.N.; Millis, M.B. Slipped capital femoral epiphysis: Prevalence, pathogenesis, and natural history. Clin. Orthop. Relat.

Res. 2012, 470, 3432–3438. [CrossRef]
3. Thawrani, D.P.; Feldman, D.S.; Sala, D.A. Current Practice in the Management of Slipped Capital Femoral Epiphysis. J. Pediatr.

Orthop. 2016, 36, e27–e37. [CrossRef] [PubMed]
4. Loder, R.T.; Richards, B.S.; Shapiro, P.S.; Reznick, L.R.; Aronson, D.D. Acute slipped capital femoral epiphysis: The importance of

physeal stability. J. Bone Jt. Surg. Am. 1993, 75, 1134–1140. [CrossRef] [PubMed]
5. Boyer, D.W.; Mickelson, M.R.; Ponseti, I.V. Slipped capital femoral epiphysis. Long-term follow-up study of one hundred and

twenty-one patients. J. Bone Jt. Surg. Am. 1981, 63, 85–95. [CrossRef]
6. Larson, A.N.; Sierra, R.J.; Yu, E.M.; Trousdale, R.T.; Stans, A.A. Outcomes of slipped capital femoral epiphysis treated with in situ

pinning. J. Pediatr. Orthop. 2012, 32, 125–130. [CrossRef]
7. Castaneda, P.; Ponce, C.; Villareal, G.; Vidal, C. The natural history of osteoarthritis after a slipped capital femoral epiphysis/the

pistol grip deformity. J. Pediatr. Orthop. 2013, 33 (Suppl. S1), S76–S82. [CrossRef]

https://www.mdpi.com/article/10.3390/children9111680/s1
https://www.mdpi.com/article/10.3390/children9111680/s1
http://doi.org/10.1016/j.ocl.2015.09.013
http://www.ncbi.nlm.nih.gov/pubmed/26772949
http://doi.org/10.1007/s11999-012-2452-y
http://doi.org/10.1097/BPO.0000000000000496
http://www.ncbi.nlm.nih.gov/pubmed/25929770
http://doi.org/10.2106/00004623-199308000-00002
http://www.ncbi.nlm.nih.gov/pubmed/8354671
http://doi.org/10.2106/00004623-198163010-00011
http://doi.org/10.1097/BPO.0b013e318246efcb
http://doi.org/10.1097/BPO.0b013e318277174c


Children 2022, 9, 1680 8 of 8

8. Wensaas, A.; Gunderson, R.B.; Svenningsen, S.; Terjesen, T. Femoroacetabular impingement after slipped upper femoral epiphysis:
The radiological diagnosis and clinical outcome at long-term follow-up. J. Bone Jt. Surg. Br. 2012, 94, 1487–1493. [CrossRef]

9. Escott, B.G.; De La Rocha, A.; Jo, C.H.; Sucato, D.J.; Karol, L.A. Patient-Reported Health Outcomes After in Situ Percutaneous
Fixation for Slipped Capital Femoral Epiphysis: An Average Twenty-Year Follow-up Study. J. Bone Jt. Surg. Am. 2015,
97, 1929–1934. [CrossRef]

10. Fraitzl, C.R.; Kafer, W.; Nelitz, M.; Reichel, H. Radiological evidence of femoroacetabular impingement in mild slipped capital
femoral epiphysis: A mean follow-up of 14.4 years after pinning in situ. J. Bone Jt. Surg. Br. 2007, 89, 1592–1596. [CrossRef]

11. Gent, E.; Clarke, N.M. Joint replacement for sequelae of childhood hip disorders. J. Pediatr. Orthop. 2004, 24, 235–240. [CrossRef]
[PubMed]

12. Wensaas, A.; Svenningsen, S.; Terjesen, T. Long-term outcome of slipped capital femoral epiphysis: A 38-year follow-up of 66
patients. J. Child. Orthop. 2011, 5, 75–82. [CrossRef] [PubMed]

13. Leunig, M.; Slongo, T.; Kleinschmidt, M.; Ganz, R. Subcapital correction osteotomy in slipped capital femoral epiphysis by means
of surgical hip dislocation. Oper. Orthop. Traumatol. 2007, 19, 389–410. [CrossRef] [PubMed]

14. Dunn, D.M.; Angel, J.C. Replacement of the femoral head by open operation in severe adolescent slipping of the upper femoral
epiphysis. J. Bone Jt. Surg. Br. 1978, 60, 394–403. [CrossRef] [PubMed]

15. Fish, J.B. Cuneiform osteotomy of the femoral neck in the treatment of slipped capital femoral epiphysis. A follow-up note. J.
Bone Jt. Surg. Am. 1994, 76, 46–59. [CrossRef] [PubMed]

16. Hosalkar, H.S.; Pandya, N.K.; Bomar, J.D.; Wenger, D.R. Hip impingement in slipped capital femoral epiphysis: A changing
perspective. J. Child. Orthop. 2012, 6, 161–172. [CrossRef]

17. Southwick, W.O. Osteotomy through the lesser trochanter for slipped capital femoral epiphysis. J. Bone Jt. Surg. Am. 1967,
49, 807–835. [CrossRef]

18. El-Mowafi, H.; El-Adl, G.; El-Lakkany, M.R. Extracapsular base of neck osteotomy versus Southwick osteotomy in treatment of
moderate to severe chronic slipped capital femoral epiphysis. J. Pediatr. Orthop. 2005, 25, 171–177. [CrossRef]

19. Lino, W.; Akkari, M.; Waisberg, G.; Braga, S.R.; Santili, C. Chronic slipped capital femoral epiphysis: A radiographic evaluation of
the Southwick osteotomy. J. Pediatr. Orthop. B 2013, 22, 536–541. [CrossRef]

20. Masse, A.; Aprato, A.; Grappiolo, G.; Turchetto, L.; Campacci, A.; Ganz, R. Surgical hip dislocation for anatomic reorientation of
slipped capital femoral epiphysis: Preliminary results. Hip Int. 2012, 22, 137–144. [CrossRef]

21. Huber, H.; Dora, C.; Ramseier, L.E.; Buck, F.; Dierauer, S. Adolescent slipped capital femoral epiphysis treated by a modified
Dunn osteotomy with surgical hip dislocation. J. Bone Jt. Surg. Br. 2011, 93, 833–838. [CrossRef] [PubMed]

22. Sankar, W.N.; Vanderhave, K.L.; Matheney, T.; Herrera-Soto, J.A.; Karlen, J.W. The modified Dunn procedure for unstable slipped
capital femoral epiphysis: A multicenter perspective. J. Bone Jt. Surg. Am. 2013, 95, 585–591. [CrossRef] [PubMed]

23. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gotzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. PLoS Med. 2009, 6, e1000100. [CrossRef] [PubMed]

24. Abdelazeem, A.H.; Beder, F.K.; Abdel Karim, M.M.; Abdelazeem, H.; Abdel-Ghani, H. The anatomical reduction of a moderate or
severe stable slipped capital femoral epiphysis by modified Dunn subcapital osteotomy using the Ganz approach: Functional and
radiological outcomes. Bone Jt. J. 2016, 98, 1283–1288. [CrossRef]

25. Madan, S.S.; Cooper, A.P.; Davies, A.G.; Fernandes, J.A. The treatment of severe slipped capital femoral epiphysis via the Ganz
surgical dislocation and anatomical reduction: A prospective study. Bone Jt. J. 2013, 95, 424–429. [CrossRef]

26. Wenger, D.R.; Bomar, J.D. Acute, unstable, slipped capital femoral epiphysis: Is there a role for in situ fixation? J. Pediatr. Orthop.
2014, 34 (Suppl. S1), S11–S17. [CrossRef]

27. Ganz, R.; Gill, T.J.; Gautier, E.; Ganz, K.; Krugel, N.; Berlemann, U. Surgical dislocation of the adult hip a technique with full access
to the femoral head and acetabulum without the risk of avascular necrosis. J. Bone Jt. Surg. Br. 2001, 83, 1119–1124. [CrossRef]

http://doi.org/10.1302/0301-620X.94B11.29569
http://doi.org/10.2106/JBJS.O.00090
http://doi.org/10.1302/0301-620X.89B12.19637
http://doi.org/10.1097/01241398-200403000-00019
http://www.ncbi.nlm.nih.gov/pubmed/15076614
http://doi.org/10.1007/s11832-010-0308-0
http://www.ncbi.nlm.nih.gov/pubmed/21594079
http://doi.org/10.1007/s00064-007-1213-7
http://www.ncbi.nlm.nih.gov/pubmed/17940736
http://doi.org/10.1302/0301-620X.60B3.681417
http://www.ncbi.nlm.nih.gov/pubmed/681417
http://doi.org/10.2106/00004623-199401000-00007
http://www.ncbi.nlm.nih.gov/pubmed/8288665
http://doi.org/10.1007/s11832-012-0397-z
http://doi.org/10.2106/00004623-196749050-00001
http://doi.org/10.1097/01.bpo.0000147623.73601.c8
http://doi.org/10.1097/BPB.0b013e3283651b48
http://doi.org/10.5301/HIP.2012.9208
http://doi.org/10.1302/0301-620X.93B6.25849
http://www.ncbi.nlm.nih.gov/pubmed/21586786
http://doi.org/10.2106/JBJS.L.00203
http://www.ncbi.nlm.nih.gov/pubmed/23553292
http://doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
http://doi.org/10.1302/0301-620X.98B9.37071
http://doi.org/10.1302/0301-620X.95B3.30113
http://doi.org/10.1097/BPO.0000000000000295
http://doi.org/10.1302/0301-620X.83B8.0831119

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

