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Abstract  

 
Background:  

Modified Dunn procedure became the standard technique for management of 

unstable severe Slipped capital femoral epiphysis (SCFE) but it needs the experience 

to avoid avascular necrosis (AVN) of the femoral head. 

Aim of the study: Evaluating the result of using the modified Dunn for the treatment 

of unstable severe SCFE in adolescent patients. 

Patient and method:  

This is a retrospective study conducted on 17 adolescent patients with unstable severe 

SCFE treated with a modified Dunn procedure. The mean follow-up period was 23 

(ranging from 13 to 37) months. Inclusion criteria were; age from 11 to 15 years, 

painful gait, acute symptoms less than 3 weeks, and Southwick’s angle was > 600. 

Exclusion criteria were; SCFE with previous hip surgery, chronic stable SCFE, and 

mild and moderate slip. Functional outcome was evaluated using the Harris hip score 

(HHS).  

Result:  

All patients presented with unstable (inability to walk) SCFE with Southwick’s angle 

> 600. The mean Southwick’s angle was 70.5. The mean Age of patients was 14 years 

(ranging from 11 to 15 years). 15 (88.2%) patients were male and 2 female 

(11.8%). 7 (41%) patients were right side and 10 (59%) were left side. Seven 

patients (41%) underwent screw fixation, while 10 (59%) underwent wire fixation. 

The mean duration of surgery was 143.65±18.4 minutes. The mean blood loss was 

234.12±70.1 ml. The union was detected in 100% of cases without malunion or 2ry 

slip. We recorded one case of chondrolysis, 3 early post-operative dislocation and 4 

cases of AVN. The mean Harris hip score was 75.12±23.03. 

Conclusion:  

The modified Dunn procedure is a demanding technique for the treatment of 

unstable SCFE. The neck shortening should be avoided as possible to 

prevent post-operative dislocation. The insisted trial for achieving 

anatomical head-neck reduction should be avoided to minimize the 

possibility of AVN. 
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Introduction 
Management of severe unstable Slipped 

capital femoral epiphysis (SCFE) is technically 

demanding procedure and carry a high risk of the 

retinacular vessels injury that supply the femoral 

head causing avascular necrosis (AVN). [1,2] 

SCFE is classified according stability to stable 

and unstable based on the ability to walk. Patients 

with unstable SCFE suffer from severe hip pain 

with loss the ability to walk [3]. Unstable SCFE is 

highly prone to AVN [4]. SCFE is also classified 

according to time of presentation too; (a) acute, 

(b) chronic, and (c) acute-on chronic SCFE. [3]. 

Southwick’s classification evaluated the amount 

of head slip, it measures the angles between the 

perpendicular line on the head physis and the axis 

of the femoral diaphysis angle <30
0
 is the mild 

degree, angles between 30
0
 – 60

0
 are moderate 

slip and severe slip if angle > 60
0 

[5]. In 2012, 

Ziebarth et al described an intraoperative 

classification as a stable slip if the periosteum of 

the femoral neck is intact and the head is firmly 

adherent to the neck, while the slip was 

considered unstable if the head is freely mobile at 

the physis [6]. 

The target of management of severe unstable 

SCFE is; (a) near anatomical head reduction, (b) 

head-neck fusion to stop 2ry head slipping, (c) 

avoid AVN, and (d) prevent later femoral 

acetabular impingement (FAI) [1, 3, 4]. 

Surgical hip dislocation (SHD) which is also 

called the modified Dunn technique became the 
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standard approach for SCFE treatment as it 

protects the retinacular blood supply of the head, 

gives a clear vision for removal of the callus from 

the posteromedial side of the femoral neck and 

achieves the normal head neck alignment [1, 3, 7, 

8]. The head is further fixed with either 

unthreaded Kirschner wires (K-wires) or 

cannulated screws.  

The reported complication of SHD during 

treatment of severe SCFE were; AVN, 2ry slip, 

hip dislocation; non-union at the head neck 

interface or greater trochanter osteotomy site, 

metal failure, and infection [1,2 4,7, 8, 9,10].  The 

original study of the SHD with a modified Dunn 

procedure reported a zero rate for AVN and 

chondrolysis [8]. However other studies had 

different rates that ranged from 6% to 58% and 

zero in unstable [7,9, 11 - 13]. 

In our study, we evaluate the result of using the 

modified Dunn for the treatment of unstable 

severe SCFE in the adolescent patient 

 

Patient and Methods 
This is a retrospective study conducted on 

17 adolescent patients with unstable severe SCFE 

treated with a modified Dunn procedure in the 

orthopedic department of Aswan University 

between October 2016 and August 2019. The 

mean follow-up period was 23 (ranging from 13 

to 37) months. The inclusion criteria were; age 

from 11 to 15 years, painful gait, acute symptoms 

less than 3 weeks, and Southwick’s angle > 60
0
. 

The exclusion criteria were; SCFE with previous 

hip surgery, chronic stable, mild and moderate 

slip. 

Body weight, gait, and local hip examination were 

recorded. Anteroposterior and frog lateral x-ray 

views of both hips were done to measure the slip 

angles according to Southwick’s angle. 3D CT 

was requested for the pelvis and both hips. MRI 

was done for all patients to assess joint effusion 

and AVN of the femoral head 

 

Surgical Technique  

All patients were managed using the 

modified Dunn procedure through the digastric 

trochanteric flip osteotomy and z-shaped 

capsulotomy to perform SHD. The technical 

surgical details of this procedure have been 

described in the literature [2, 14]. After creation 

of the extended retinacular flap that was described 

by Ganz et al [7], the callus from the posterior 

side of the neck was removed and curettage the 

physis from inner side of head cap was performed. 

The head was gently reduced over the neck in a 

nearly anatomical position and then was fixed 

using 3-4 smooth k wires (2 – 2.5 mm) or 2-3 

fully threaded screws (6.5 mm). The reduction, 

fixation, and implant positions were confirmed 

with an image intensifier. The head perfusion was 

tested by piercing the head with a small 2 mm k 

wire to confirm running pulsatile blood discharge 

from the k wire hole in the head. The trochanteric 

flip is fixed back in its position by two lag screws 

(4.00 mm). Then the facial layers and the skin 

were closed (figure 1). The operative data as 

regards; operative time, amount of blood loss, 

image exposure, neurovascular injury, head 

vascularity test, and type used implant for fixation 

were recorded. 

 

 

a  b  

c  d  
Figure 1: 14 y boy with unstable SCFE of left hip, (a) anteroposterior and frog lateral x-ray view shown severe degree 

slip angles of left femoral head Southwick angle 65 degrees, (b) intraoperative 2 photos; the left photo shows the 

dislocated head before reduction with attenuated lost periosteum of the neck and the slipped head, the right photo shown 

the reduction of the head. (c) early post-operative anteroposterior and frog lateral x-ray views showed the reduction of 

the head and the position of the screws. (d) two years follow-up anteroposterior and frog lateral x-ray views showed 

complete union of the head-neck junction.  
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Postoperative care; 

Early postoperative hip x-rays were 

requested to confirm reduction and repeated at the 

1st, 3rd, and 6th months postoperatively. No 

braces or cast were used. Partial weight bearing 

was allowed after 6 weeks with two crutches or a 

walker, then full weight bearing was allowed 6 

weeks later. In the outcome, the Harris Hip Score 

(HHS) was measured for the final assessment 

[15]. The postoperative data as regards; infection, 

dislocation, reduction stability, 2ry head slippage, 

head neck fusion,  metal migration or failure, 

chondrolysis, and AVN and hip range of motion 

were recorded. 

 

Statistical analysis  

All statistics will be performed using 

SPSS version 23.  Continuous data such as age 

and weight will be presented as mean ± SD and 

range. Qualitative variables such as sex will be 

expressed as percentages. Analysis of continuous 

data with normal distribution will be analyzed by 

student t-test and non-normally distributed data by 

Mann-Whitney U test. Categorical data will be 

analyzed by chi-square test and Fischer exact 

where applicable. A p-value of <0.05 was defined 

as statistically significant.  

 

 

 

 

 

Result 
Seventeen patients with unstable severe 

SCFE were conducted in this study; 15 were male 

(88.2%) and 2 female (11.8%). 7 (41%) were right 

side and 10 (59%) were left side. The mean Age 

of patients was 14±0.87 years while the mean 

height and weight were 173.12±4.79 and 

95.23±18.69 respectively. 100% of the patients 

were unstable with severe slip angles, where the 

mean of the Southwick angle was 70.5±6.01 

degrees. 

All patients were treated using modified Dunn 

procedure (100%). Regarding the fixation method, 

7 patients (41%) underwent screw fixation, while 

10 (59%) underwent wire fixation. Three patients 

(17.6%) suffered from mild degree SCFE on the 

other hip joint, where treated with insitu screw 

fixation at another time. The mean duration of 

surgery was 143.65±18.4 minutes. The mean 

blood loss was 234.12±70.1 ml. There was a 

moderate positive correlation between operative 

time and blood loss. However, the pooled analysis 

was not significant (P >.05), which may be due to 

the small sample size. Table 3 and chart 1.  

The mean follow-up period was 23 (ranging from 

13 to 37) months. The union rate of the head-neck 

interface was 100% without malunion or 2ry slip. 

The mean HHS was 75.12±23.03 (HHS; 7 

excellent, 4 good, 1 fair, 5 poor). HHS was poor 

with cases that developed AVN, dislocation, k 

wire head penetration, and chondrolysis. The 

relationship between the AVN and the poor HHS 

was highly significant (p<0.005). Table 3. 

 

 

 
Table 1: statistics of the demographic data of the cases. 

Outcome N Range Minimum Maximum Mean Std. Error Std. Deviation 

Age 17 3.00 12.00 15.00 14 .21004 .86603 

Length 17 15.00 165.00 180.00 173.1 1.16279 4.79430 

Weight 17 62.00 68.00 130.00 95.2 4.53299 18.69000 

SW angle 17 20.00 60.00 80.00 70.5 1.45803 6.01163 

Duration of surgery (min) 17 60.00 120.00 180.00 143.6 4.46304 18.40157 

Blood Loss (ml) 17 250.00 150.00 400.00 234 17.00041 70.09447 

Harris Hip Score 17 65.00 30.00 95.00 75 5.58615 23.03227 
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Table 2: shows baseline demographics for the included 

patients 
Total patients (n=17) Number 

of hips 

% 

Side  

R 7 41 

L 10 59 

Gender  

Male  15 88.2 

Female  2 11.8 

painful gait   17 100 

limping  17 100 

Unilateral Modified 

Dunn  

 11 64.5 

Bilateral Modified 

Dunn 

 6 35.5 

Fixation 

screw 7 41 

wire 10 59 

Head perfusion test 

Positive 8 47 

negative 9 52.9 

Neck shortening  3 17.6 

Postoperative 

dislocation 

 3 17.6 

Implant head 

penetration  

 1 5.8 

chondrolysis  1 5.8 

AVN  4 23.5 

Final hip ROM 

Full ROM 13 76.4 

Stiff 4 23.5 

 

 

 

 
Chart 1: correlation between operative time and blood 

loss 

 

Table 3: correlation between operative time and blood 

loss. 

Correlations 

 

Operative 

time in 

minutes 

Blood 

loss (ml) 

Operative time 

in minutes 

Pearson 

Correlation 
1 .380 

Sig. (2-tailed)  .133 

N 17 17 

Blood loss (ml) Pearson 

Correlation 
0.380 1 

Sig. (2-tailed) 0.133  

N 17 17 

 

 

Post-operative complication  

The early postoperative dislocation was 

recorded in 3 (17.6%) patients. Neck shortening 

was done in all these patients, where 2 dislocation 

of them were treated with open reduction and 

Ilizarov external fixator spanning the hip joint for 

6 weeks. During the open reduction of these 

dislocated hips, we found soft tissue and capsule 

entrapped inside the acetabulum preventing the 

trials of closed reduction. The third dislocation 

was treated with closed reduction and a hip spica 

cast for 6 weeks. The hip in these 3 dislocated 

patients maintained stable reduction along the 

follow-up period but all of them developed AVN. 

According to the chi-square test, there was a 

significant association between neck shortening 

and dislocation (p<.05).  Four patients (23.5%) 

suffered from a stiff hip joint at the final follow-

up. (Table 4,5)  

AVN was reported in 4 patients (23.5%) where 

the piercing test of head perfusion was positive in 

1 patient and negative in 3 patients. Nine patients 

had negative head perfusion tests and 3 patients of 

them developed AVN, while the remaining 8 

patients in this study had a positive test and only 1 

patient of them developed AVN.  There was no 

significant relationship between the AVN and the 

head perfusion test or other variables in the 

statistics (p>0.05). K wire head penetration had 

occurred with 1 (5.8%) patient who later on 

developed chondrolysis and the joint become 

arthritic (figure 2). The nonunion of the 

trochanteric osteotomy was reported in one 

patient (5.8%) that was treated with revision of 

the fixation by removal of the lag screw and using 

a tension band and bone graft. 
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Table 4: Association between neck shortening and dislocation 

Neck shortening * Post dislocation Cross tabulation 

 Post dislocation Total 

Neck shortening 

No 
Count 13 0 13 

Expected Count 10.7 2.3 13.0 

yes 
Count 1 3 4 

Expected Count 3.3 .7 4.0 

Total 
Count 14 3 17 

Expected Count 14.0 3.0 17.0 

 
Table 5: Association between neck shortening and dislocation. 

Chi-Square Tests 

 
Value df 

Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Exact Sig. (1-

sided) 

Pearson Chi-Square 11.839
a
 1 0.001   

Continuity Correction
b
 7.241 1 0.007   

Likelihood Ratio 11.345 1 0.001   
Fisher's Exact Test    0.006 0.006 

N of Valid Cases 17     

a. 3 cells (75.0%) have an expected count of less than 5. The minimum expected count is .71. b. Computed only for a 2x2 table 

 

 

Discussion 
Most authors agreed that once the 

diagnosis of SCFE is established, surgical 

management is indicated, but still significant 

debates about the best method of treatment [16]. 

The goals of management are prevention of 

further slippage and regaining the normal 

alignment, avoiding AVN and chondrolysis [3].  

In situ pining for unstable SCFE is technically 

demanding and associated with a high rate of 

AVN (about 33%) [17,18]. The modified Dunn 

procedure or SHD has recently been considered a 

well-accepted method for management of SCFE 

as it normalizes the head-neck alignment and 

protects the retinacular vascular bundles of the 

femoral epiphysis [3,14,19 – 20].  

The learning curve of SHD is steep and should be 

done only in a referral specialized center. Without 

expertise, this procedure will be complicated with 

a high rate of AVN [3,21]. The severe slippage 

requires a good reorientation of the retinacular 

flap [22,23]. The modification of Ganz on Dunn 

procedure was more retinacular release creating a 

longer flap that is enough to the distribution of 

tension along a larger distance to avoid 

overstretching of the retinacular vessels [6,24]. 

In our study we treated 17 patients with unstable 

severe SCFE using SHD procedure. The 

complication rate was 29.4% (5 patients). Four 

patients developed AVN, and 3 of them suffered 

from early postoperative hip dislocation. One 

patient (5.8%) suffered from k wire head 

penetration that becomes more complicated by 

chondrolysis and the joint becomes arthritic. 

Vidyadhar et al 2014, reported a 37% 

complication rate among 43 patients ; between 

them, 62 (60%) were unstable SCFE,  37 (86%) 

patients with a severe degree of slip, and 32 

(74%) with acute symptoms. four (9%) patients 

suffered from nonunion of head neck interface 10 

(23%) patients developed AVN and 2 patients 

suffered from hip dislocation (table 6) [2]. 

Loder suggested many causes of AVN other than 

the surgical complication: retinacular vessel 

kinking, high intracapsular pressure of the hip 

joint, and a complete injury of the retinacular 

vessel [25]. 

Two methods are used for intraoperative 

perfusion of the femoral head;  1
st
 method is laser 

Doppler flowmetry or 2
nd

 method of which 

piercing the anterior head by 2.00 mm k wire to 

observe the pulsatile blood discharge from the 

hole [26]. In our study, we used the 2
nd

 method 

where the test was positive in 8 (47%) patients 

and negative in 9 (52.9%) patients. But the 

positive test is not guaranteed for AVN as 1/9 

(12.5%) positive patients developed AVN while 

only 3/9 (33.3%) negative patients developed 

AVN. Statistically no significant relationship 

between the head perfusion test and AVN 

(p>0.05). Similar to our results, Vidyadhar et al 

2014, reported in their study that the head 

perfusion test did not indicate postoperative 

outcomes. They tested the head perfusion by 

piercing it using k wire. The perfusion test was 

negative in 5 patients, and only 1 of them 

developed AVN. the test was positive in 9 patients 

and all of them developed AVN (table 6) [2].  

Vidyadhar et al 2014 suggested the risk of AVN 

was increased as the surgeon insist to achieve a 

perfect anatomical reduction that leads to 

unintended reduction of the head into valgus and 
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flexion position causing overstretch of the 

retinacular vessels and stopping perfusion, so they 

recommended modification of the ceiling of 

surgeon dreams for femoral head reduction during 

SHD procedure in cases of severe unstable SCFE. 

They also recommended if the surgeon was 

doubtful of vessel stretch after reduction, he 

should decrease the amount of the reduction or 

perform a slight femoral neck shortening to 

relieve vessel tension, despite the report that the 

neck shortening was a predisposing cause of 

postoperative dislocation [2].   

Vidyadhar et al 2014 reported that 2 from 43 

patients (5%) developed a postoperative 

dislocation of the hip joint and they blamed the 

neck shortening as a cause of that dislocation [2]. 

In our study early, postoperative dislocation was 

recorded in 3 (17.6%) patients (in the 1st week 

postoperative). Neck shortening was done in all 

these patients and during revision surgery to 

reduce the dislocated hip, we found infolding of 

the capsule and soft tissue inside the acetabulum. 

According to the chi-square test, there was a 

significant association (p< 0.05) between neck 

shortening and dislocation, so we also blamed the 

neck shortening as a cause of that dislocation 

(table 6).   

The authors in the literature assumed the causes of 

the postoperative instability as; (a) the 

pathological changes in the capsule (attenuated), 

(b) damage of the anterior acetabulum rim or 

labrum by the displaced femoral neck leaving 

anterior critical defect, (c) severely retroverted 

proximal femur (d) flattening of the acetabular 

roof, (e) excision of ligament teres and 

capsulotomy, (f) shortening of the femoral neck, 

and (g) disorders of the soft tissue in cases of 

endocrinopathies [2, 7]. 

In our study, four patients (23.5%) developed stiff 

hip joint at the final follow-up. These stiff hip 

cases were the 3 postoperative dislocation cases 

that later on developed AVN and the case of k 

wire penetration that later on developed 

chondrolysis. The mean HHS was 75.12±23.03 (7 

excellent, 4 good, 1 fair, 5 poor). The relationship 

between the AVN and the poor HHS was highly 

significant (p<0.005). 

In our study, the complication rate was high 

(29.4%) as we treated only the unstable SCFE 

with severe slip. Similar high rate of 

complications was reported in the studies that had 

treated also severe unstable SCFE [2, 9, 10, 11 – 

13], although the original study of this procedure 

reported zero rates of AVN and chondrolysis [8]. 

Table 6. 

 
Table 6: Comparison between our study and previously published 6 studies as regards the AVN and its relation to the 

severity of the slip and intraoperative head perfusion. 

Study 

No of 

patients 

Follow 

up 

month 

No of severe 

slip patient 

% of patients 

with 

complication 

AVN Head 

perfusio

n 

Other complication 

Ziebarth et al  2009,(27) 40 24 10 (25) (4) 10% 0 % o 

3; implant failure 

1; residual 

impingement. 

Slongo et al 2010,(25) 23 24 
mean slip 

angle 47.6° 
(3) 13% 

1(4.3%

) 
no 

1; chronic SCFE 

1; prominent k wire 

Huber et al 2011,(24) 28 48 3 (10.7%) (5) 18% 
1(3.5%

) 
no 

4; fixation failure. 

Madan et al 2013 (30) 28 38 17 (60 %) (5) 18% 
4 

(14%) 
no 

1; chondrolysis 

Sankar et al 2013, (31) 27 22 27 (100%) (11) 41% 7(26%)  4; fixation failure 

Vidyadhar et al 2014 

(28) 
43 32 37 (86%) (22) 37% 

10(23%

) 

1; no 

9; yes 

4; nonunion 

2; hip dislocation 

Our study 2022 17 36 17 (100%) 5 (29.4%) 
4 

(23%) 

2; no 

2; yes 

3; dislocation 

1; infection 
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Conclusion 
The modified Dunn procedure is a 

demanding technique for the treatment of unstable 

SCFE. The neck shortening should be avoided as 

possible to avoid post-operative dislocation. The 

intra-operative head perfusion test is not an 

indicator for postoperative AVN. The insisted trial 

for achieving anatomical head-neck reduction 

should be avoided to decrease tension over the 

retinacular vessels to minimize the possibility of 

AVN.   

 

References  
1- Klaus Parsch 1, Svenja Weller, Dominik Parsch; Open 

reduction and smooth Kirschner wire fixation for unstable 

slipped capital femoral epiphysis J Pediatr Orthop2009 Jan-

Feb;29(1):1-8.  DOI: 10.1097/BPO.0b013e31818f0ea3. 
2- Vidyadhar V. Upasani, MD, Travis H. Matheney, MD, MLA, 

Samantha A. Spencer, MD, Young-Jo Kim, MD, Ph.D., 

Michael B. Millis, MD, and James R. Kasser, MD; 
Complications After Modified Dunn Osteotomy for the 

Treatment of Adolescent Slipped Capital Femoral Epiphysis. J 

Pediatr Orthop 2014;34:661–667 
3- Alessandro Aprato, Andrea Conti, Federico Bertolo, 

Alessandro Massè2 Slipped capital femoral epiphysis: current 
management strategies.Orthopedic Research and Reviews 

2019:11 47–54. 

4- Alejandro Cazzulino 1, Wei Wu 2, Sachin 
Allahabadi 1, Ishaan Swarup 1 Diagnosis and Management of 

Unstable Slipped Capital Femoral Epiphysis: A Critical 

Analysis Review. JBJS Rev2021 Jul 16;9(7).  DOI: 
10.2106/JBJS.RVW.20.00268 

5- Ziebarth K, Domayer S, Slongo T, Kim YJ, Ganz R. Clinical 

stability of slipped capital femoral epiphysis does not correlate 
with intraoperative stability. Clin Orthop Relat Res. 

2012;470(8):2274–2279. 

6- Ganz R, Huff TW, Leunig M. Extended retinacular soft-tissue 
flap for intra-articular hip surgery: surgical technique, 

indications, and results of application. Instr Course Lect. 

2009;58:241–255. 
7- Ziebarth K, Zilkens C, Spencer S, et al. Capital realignment 

for moderate and severe SCFE using a modified Dunn 

procedure. Clin Orthop Relat Res. 2009;467:704–716. 
8- Huber H, Dora C, Ramseier LE, et al. Adolescent slipped 

capital femoral epiphysis treated by a modified Dunn 

osteotomy with surgical hip dislocation. J Bone Joint Surg Br. 
2011;93:833–838. 

9-  Slongo T, Kakaty D, Krause F, et al. Treatment of slipped 

capital femoral epiphysis with a modified Dunn procedure. J 
Bone Joint Surg Am. 2010;92:2898–2908. 

10- Sankar WN, Vanderhave KL, Matheney T, et al. The modified 

Dunn procedure for unstable slipped capital femoral epiphysis: 

a multicenter perspective. J Bone Joint Surg Am. 

2013;95:585–591. 

11- Bittersohl B, Hosalkar HS, Zilkens C, Krauspe R. Current 

concepts in management of slipped capital femoral epiphysis. 

Hip Int. 2015;25(2):104–114.  

12- Zaltz I, Baca G, Clohisy JC. Unstable SCFE: review of 
treatment modalities and prevalence of osteonecrosis. Clin 

Orthop Relat Res. 2013;471(7):2192–2198. 

13-  Loder RT, Dietz FR. What is the best evidence for the 
treatment of slipped capital femoral epiphysis? J Pediatr 

Orthop. 2012;32(Suppl 2): S158–S165. 

14- Ganz R, Gill TJ, Gautier E, et al. 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 

Joint Surg Br. 2001;83:1119–1124. 
15- Harris WH. Traumatic arthritis of the hip after dislocation and 

acetabular fractures: treatment by mold arthroplasty. An end-

result study using a new method of result evaluation. J Bone 
Joint Surg Am. 1969 Jun;51(4):737-55. http://www.jbjs.org/ 

16- Loder RT. Unstable slipped capital femoral epiphysis. J 
Pediatr Orthop. 2001;21(5):694–699. 

17- Castañeda P, Macías C, Rocha A, Harfush A, Cassis N. 

Functional outcome of stable grade III slipped capital femoral 
epiphysis treated with in situ pinning. J Pediatr Orthop. 

2009;29(5):454–458. 

18- Alshryda S, Tsang K, Chytas A, et al. Evidence based 
treatment for unstable slipped upper femoral epiphysis: 

systematic review and exploratory patient level analysis. 

Surgeon. 2018;16(1):46–54. 
19- Sucato DJ, De La Rocha A. High-grade SCFE: the role of 

surgical hip dislocation and reduction. J Pediatr Orthop. 

2014;34(Suppl 1): S18–24. 
20- Ricciardi BF, Sink EL. Surgical hip dislocation: techniques for 

success. J Pediatr Orthop. 2014;34(Suppl 1): S25–31. 

21- Roaten J, Spence DD. Complications related to the treatment 
of slipped capital femoral epiphysis. Orthop Clin North Am. 

2016;47(2):405–413.  

22- 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(4):389–410. 

23-  Leunig M, Horowitz K, Manner H, Ganz R. In situ pinning 

with arthroscopic osteoplasty for mild SCFE: a preliminary 

technical report. Clin Orthop Relat Res. 2010;468(12):3160–
3167. 

24-  Dunn DM, Angel JC. Replacement of the femoral head by 

open operation in severe adolescent slipping of the upper 
femoral epiphysis. J Bone Joint Surg Br. 1978;60-B(3):394–

403. 

25- Loder RT. What is the cause of avascular necrosis in unstable 
slipped capital femoral epiphysis and what can be done to 

lower the rate? J Pediatr Orthop. 2013;33(Suppl 1): S88–S91. 

26- Hempfing AaNotzli HP, Siebenrock KA. Perfusion of the 
femoral head during surgical dislocation of the hip: 

monitoring by laser Doppler flowmetry. J Bone Joint Surg. 

2002;84-B:300–304. 

 

 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Parsch+K&cauthor_id=19098636
https://pubmed.ncbi.nlm.nih.gov/19098636/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Weller+S&cauthor_id=19098636
https://pubmed.ncbi.nlm.nih.gov/?term=Parsch+D&cauthor_id=19098636
https://pubmed.ncbi.nlm.nih.gov/?term=Cazzulino+A&cauthor_id=34270502
https://pubmed.ncbi.nlm.nih.gov/34270502/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+W&cauthor_id=34270502
https://pubmed.ncbi.nlm.nih.gov/34270502/#affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?term=Allahabadi+S&cauthor_id=34270502
https://pubmed.ncbi.nlm.nih.gov/?term=Allahabadi+S&cauthor_id=34270502
https://pubmed.ncbi.nlm.nih.gov/34270502/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Swarup+I&cauthor_id=34270502
https://pubmed.ncbi.nlm.nih.gov/34270502/#affiliation-1
http://www.jbjs.org/

