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Abstract

Background In situ pinning is the conventional treatment

for a stable slipped capital femoral epiphysis (SCFE).

However, with a severe stable SCFE the residual deformity

may lead to femoroacetabular impingement and articular

cartilage damage. A modified Dunn subcapital realignment

procedure has been developed to allow for correction at the

level of the deformity while preserving the blood supply to

the femoral head.

Questions/purposes We compared children with severe

stable SCFE treated with the modified Dunn procedure or

in situ pinning in terms of (1) proximal femoral radio-

graphic deformity; (2) Heyman and Herndon clinical

outcome; (3) complication rate; and (4) number of reo-

perations performed after the initial procedure.

Methods In this nonmatched retrospective study, 15

patients treated with the modified Dunn procedure

(between 2007 and 2012) and 15 treated with in situ pin-

ning (between 2001 and 2009) for severe but stable SCFE

were followed for a mean of 2.5 years (range, 1–6 years).

During the period in question, the decision regarding which

procedure to use was based on the on-call surgeon’s dis-

cretion; six surgeons performed in situ pinning and three

surgeons performed the modified Dunn procedure. A total

of 15 other patients were treated for the same diagnosis

during the study period but were lost to followup before 1

year; of those, 12 were in the in situ pinning group.

Radiographs were reviewed to measure the AP and lateral

alpha angles, femoral head-neck offset, and Southwick

angle preoperatively and at the latest clinical visit. The

Heyman and Herndon clinical outcome, complications, and

subsequent hip surgeries were recorded.

Results At latest followup, the median AP alpha angle

(52�, range 41�–59� versus 76�, interquartile range [IQR]:

68�–88�; p = 0.0017), median lateral alpha angle (44�,
IQR: 40�–51� versus 87�, IQR: 74�–96�; p\ 0.001),

median head-neck offset (7 mm, IQR: 5–9 mm versus �5,

IQR: �11 to �4 mm; p\ 0.001), and median Southwick

angle (16�, IQR: 6�–23� versus 58�, IQR: 47�–66�;
p\ 0.001) revealed better deformity correction with the

modified Dunn procedure compared with in situ pinning.

Nine patients had good or excellent results in the modified

Dunn group compared with four of 15 in the in situ pinning

group (p = 0.0343; odds ratio, 5.86; 95% CI, 1.13–40.43).

With the numbers available, there were no differences in

the numbers of complications in each group (five versus
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three complications in the in situ and modified Dunn

groups, respectively; p = 0.66), but there were more re-

operations in the in situ pinning group (three versus seven;

p = 0.0230).

Conclusions The modified Dunn procedure results in

better morphologic features of the femur, a higher rate of

good and excellent Heyman and Herndon clinical outcome,

a lower reoperation rate, and a similar occurrence of

complications when compared with in situ pinning for

treatment of severe stable SCFE.

Level of Evidence Level III, therapeutic study.

Introduction

Treatment of slipped capital femoral epiphysis (SCFE)

traditionally focused on stabilization of the physis by

means of in situ pinning [3, 7–9]. Historically, in situ

pinning was reported to provide good Iowa hip outcome

scores at long-term followup [7, 8]. However, the long-

term patient-reported outcome scores worsen and radio-

graphic progression to osteoarthritis is more common with

increasing severity of SCFE [8, 10, 20]. Although residual

SCFE deformity may partially remodel after in situ pinning

[29], the remodeling process leads to femoroacetabular

impingement (FAI), an abnormal contact between the

proximal femur and the anterior acetabular rim [30]. FAI

secondary to SCFE has been reported to lead to articular

cartilage damage [1, 21, 22, 32], which is related to the

development of osteoarthritis [14].

Contemporary goals of surgical treatment of severe SCFE

beyond stabilization of the physis include realignment of the

proximal femur to restore the femoral head-neck anatomy

and allow for better arc of hip motion, thereby avoiding FAI

[27, 28]. Corrective osteotomies performed at the subcapital

level have the advantage of complete restoration of the

femoral anatomy but are associated with potential risk of

osteonecrosis of the femoral head [11, 12]. Advancements in

the understanding of the blood supply to the femoral head

[15] and in the technique for safe dissection of the posterior

retinaculum containing the nutrient vessels to the femoral

head [13] have allowed for development of a modified Dunn

subcapital realignment procedure using the surgical hip

dislocation approach [24]. Encouraging results with com-

plete restoration of proximal femoral anatomy and low rates

of osteonecrosis for stable SCFE have been reported [17, 24,

26, 33, 39]. Nevertheless, to our knowledge, only one study

has evaluated the modified Dunn procedure versus in situ

pinning for treatment of stable SCFE [34]. Souder et al.

reported a 20% rate of osteonecrosis after the modified Dunn

procedure for stable SCFE, however the severity of their

cases was not reported [34].

In this study we compared children with severe stable

SCFE treated with the modified Dunn procedure or in situ

pinning in terms of (1) proximal femoral radiographic

deformity; (2) Heyman and Herndon clinical outcome [16];

(3) complication rate; and (4) number of reoperations

performed after the initial procedure.

Patients and Methods

After institutional review board approval, 323 patients who

underwent treatment for SCFE between January 2001 and

December 2012 were identified. Inclusion criteria were (1)

diagnosis of severe (Southwick angle greater than 60� on

the frog lateral radiograph) [35, 36], stable (weightbearing

with or without crutches at the time of presentation) [25]

SCFE; and (2) a minimum of 1 year followup after initial

surgery. We excluded 26 preslip hips, 154 with mild SCFE,

60 with moderate SCFE, 33 with unstable severe SCFE,

and one hip that could not be classified owing to poor

radiographic imaging. A total of 49 hips with severe stable

slips remained. In cases of bilaterality (n = 2), only the

first hip to undergo treatment was included. One patient

was excluded owing to surgical treatment with a trochan-

teric femoral osteotomy and another resulting from high-

energy trauma to the hip after initial SCFE treatment. Of

the 45 remaining patients, 15 (33%) were excluded because

their followup was less than 1 year. Of the 15 patients lost

to followup, 12 were in the in situ pinning group, one was

in the modified Dunn group, and two had additional pro-

cedures at the time of surgery (one anterior-performed Fish

osteotomy [12] and one femoral osteotomy). A total of 30

patients with a mean followup of 2.5 years (range, 1–6

years) were included. Fifteen patients underwent the

modified Dunn procedure (between 2007 and 2012) and 15

had in situ pinning (between 2001 and 2009). The two

groups were statistically comparable regarding age at sur-

gery, sex, affected side, and duration of followup

(Table 1).

During the study years, the decision regarding which

procedure to use was based on the on-call surgeon’s

discretion based on the surgeon’s familiarity with the

approach; six surgeons performed only in situ pinning

while three surgeons performed only the modified Dunn

procedure. The modified Dunn procedure has been reported

to allow for full restoration of femoral epiphyseometa-

physeal alignment although it is a more technically

demanding surgical procedure [17, 24, 26, 33, 39]. At our

institution, since 2007 the modified Dunn procedure has

been gradually favored for treatment of moderate and

severe SCFE. There was an overlap of transition and since

2009 all patients with severe SCFE have been treated with

the modified Dunn procedure by one of three surgeons
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(ENN, ELS, TCH) who specialize in these procedures. A

total of 15 other patients were treated for the same diag-

nosis during the study years but were lost to followup

before 1 year; of those, 12 were in the in situ pinning

group.

The medical records and radiographs of all eligible

subjects were retrospectively studied. Medical records

were assessed by one of the authors (MKH) not involved in

the clinical care of the patients. All patients had experi-

enced hip or thigh pain that had been aggravated by

walking for more than 3 weeks. In all patients, the physical

examination revealed a limp and obligatory external rota-

tion with hip flexion. A pediatric orthopaedic fellow (JS)

not involved in the’ clinical care of the patients assessed

preoperative and most recent AP and frog lateral radio-

graphs of the pelvis. On the frog lateral view, slip severity

was assessed by measurement of the Southwick angle [35,

36], and the contour of the femoral head-neck junction was

assessed by measurement of the head-neck offset and

modified alpha angle as previously described [23]. The

alpha angle also was measured on the AP view. The two

treatment groups were statistically comparable regarding

severity of the preoperative deformity assessed by the AP

alpha angle (p = 0.1480), lateral alpha angle (p =

0.7336), lateral femoral head-neck offset (p = 0.9256), and

Southwick angle (p = 0.6143).

Treatment results in relation to pain, gait pattern, and

hip motion at last visit or immediately before reoperation

were assessed by a professional research assistant (MKH)

using the Heyman and Herndon classification system [16].

According to this classification system, a hip is considered

excellent if it has normal ROM, and there is no limp and no

pain; good if there is no limp, no pain, and slight limitation

of internal rotation but internal rotation beyond neutral; fair

if there is no limp, no pain, and slight limitation of

abduction and internal rotation; or poor if there is a mild

limp, slight pain after strenuous exercise, and slight limi-

tation of internal rotation, abduction, and flexion. A hip is

considered failed if there is a limp, pain on activity, and

marked limitation of motion requiring reconstructive sur-

gery or progressive radiographic changes are seen.

Treatment details, postoperative complications, and sub-

sequent surgeries were recorded.

The modified Dunn procedure was performed by one of

the three authors (ENN, ELS, TCH) according to a previ-

ously described technique [24]. Briefly, the patient is

positioned in a lateral decubitus position and a lateral

incision is performed. The fascia lata is split and the

interval between the gluteus medius and maximus is dis-

sected exposing the piriformis tendon. The interval

between the piriformis and gluteus minimus is further

dissected exposing the hip capsule posteriorly. The greater

trochanter is cut with an oscillating saw to allow the piri-

formis tendon to remain attached to the stable portion of

the trochanter. The displaced trochanteric fragment then is

flipped anteriorly allowing for exposure of the hip capsule.

An arthrotomy is performed in line with the femoral neck.

The arthrotomy continues posteriorly toward the piriformis

tendon in line with the acetabular rim and anteriorly toward

the anteroinferior aspect of the acetabulum. The femoral

head then is dislocated from the acetabulum by flexion and

external rotation of the hip and the ligamentum teres is

transected. The acetabular cavity is examined for chond-

rolabral disorders. The femoral head is reduced back in the

acetabulum and the soft tissue retinaculum containing the

nutrient vessels to the femoral head is dissected after the

proximal portion of the stable trochanter is carefully

removed [13]. The femoral neck is completely exposed

after periosteal dissection. A curved osteotome is used as a

lever to detach the femoral head from the physis and the

posterior callus is trimmed from the metaphysis. Excessive

shortening of the femoral neck should be avoided because

of the risk of hip instability. The femoral head then is

reduced back to the femoral neck in the anatomic align-

ment and fixed with either two 6.5-mm cannulated screws

(Synthes, Inc, West Chester, PA, USA) or three 3.0-mm

fully threaded wires. The periosteum is loosely reapprox-

imated and the hip capsule closed. The trochanteric

fragment is reduced to its bed and fixed anatomically with

two or three 3.5-mm screws (Synthes, Inc) using a com-

pression technique. The wound is closed in layers.

Postoperatively, patients follow a nonweightbearing pro-

tocol for approximately 6 weeks followed by protected

weightbearing with crutches for 6 more weeks.

In situ pinning was performed by one of six different

surgeons (ME, GG, FC, JR, NM, SC) with the patient on a

radiolucent fracture table or a flat-topped radiolucent table.

Briefly, an anterolateral skin incision is performed in the

thigh. A guidewire is introduced in the anterior aspect of

the femoral neck aiming toward the center of the femoral

head in the AP and lateral projections. One 6.5- or 7.3-mm

Table 1. Patient characteristics by treatment group

Variable In situ

pinning

Modified Dunn

procedure

p value

Sex

Female, number (%) 6 (40) 4 (27) 0.439

Male, number (%) 9 (60) 11 (73)

Affected side

Left, number (%) 8 (53) 6 (40) 0.464

Right, number (%) 7 (47) 9 (60)

Age at surgery,

mean years (range)

13 (10–16) 14 (12–17) 0.082

Followup, mean

years (range)

2.5 (1–6) 2.4 (1–5) 0.825
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cannulated screw (Synthes, Inc) then is placed, transfixing

the femoral physis. Patients are allowed partial weight-

bearing with crutches for 6 weeks.

Descriptive statistics were used to summarize all vari-

ables. Point estimates for continuous variables were

reported as the mean and SD when normally distributed

and as the median and interquartile range when not nor-

mally distributed. Point estimates for categorical variables

were reported as the frequency (number) and percentage.

The demographics and clinical characteristics of the two

groups were compared using t-tests and/or chi-square tests.

Age was considered a potential confounding variable, and

therefore was controlled for in the logistic regression

models. Odds ratios (ORs) with 95% CIs were estimated

using multiple variable logistic regression analyses to

compare the incidence of complications, need for sub-

sequent surgery, and odds of a good or excellent Heyman

and Herndon classification [16] between treatment groups.

Wilcoxon rank-sum tests were used to compare between-

group differences in the pre- and postoperative radio-

graphic variables. Wilcoxon signed-rank tests were used to

compare within-group changes (pre- versus postoperative

measurements) in the radiographic variables.

Results

Femoral radiographic morphologic features were achieved

more reliably in the modified Dunn group than the in situ

pinning group. At latest followup, the median AP alpha

angle (52�, interquartile range [IQR]: 41�–59� versus 76�,
IQR: 68�–88�; p = 0.0017), the median lateral alpha angle

(44�, IQR: 40�–51� versus 87�, IQR: 74�–96�; p\ 0.001)

and the median Southwick angle (16�, IQR: 6�–23� versus
58�, IQR: 47�–66�; p\ 0.001) were lower in the modified

Dunn group compared with the in situ pinning group. The

median femoral head-neck offset also was better in the

modified Dunn group (7 mm, IQR: 5–9 mm versus�5, IQR:

�11 to �4 mm; p\ 0.001). The modified Dunn procedure

resulted in improvement in all radiographic variables

(Fig. 1). In the in situ group, all parameters except for the

Southwick angle improved after surgery (Table 2).

Outcomes scores likewise favored the modified Dunn

group. At latest followup, nine of 15 patients in the mod-

ified Dunn group had a good or excellent outcome

according to the Heyman and Herndon classification [16]

compared with four of 15 in the in situ pinning group

(p = 0.0343; OR, 5.86; 95% CI, 1.13–40.43) (Table 3).

With the numbers available, there were no differences in

the numbers of complications in the groups. Three patients

had five complications develop after in situ pinning,

whereas two of 15 patients had three complications after

the modified Dunn procedure (p = 0.6588; OR, 1.6; 95%

CI, 0.20–15.03) (Table 4). No patients had chondrolysis of

the hip.

Fewer unplanned reoperations were performed in patients

treated with the modified Dunn procedure than patients

treated with in situ pinning. In the modified Dunn group, two

of 15 patients underwent three subsequent surgical proce-

dures, including one revision of fixation owing to implant

failure. One patient underwent removal of an intraarticular

penetrating pin and subsequent THA for treatment of severe

pain and deformity secondary to osteonecrosis. Seven

patients in the in situ group underwent nine subsequent

surgeries (p = 0.0230; OR, 8.4; 95%CI, 1.32–90.37). Seven

of these procedures, including femoral intertrochanteric

osteotomy (n = 3), surgical hip dislocation and femoral

head-neck osteochondroplasty (n = 2), and surgical hip

dislocation with a femoral head-neck osteochondroplasty

and intertrochanteric osteotomy (n = 2),were performed for

the treatment of FAI-related pain and limited motion of the

hip affecting activities of daily life. One patient experienced

slip progression despite in situ pinning and underwent revi-

sion of fixation with one additional cannulated screw. He

later had osteonecrosis develop and underwent an intertro-

chanteric osteotomy because of pain and abnormal hip

motion (Fig. 2).

Discussion

Severe SCFE results in major deformity of the proximal

femur and abnormal hip mechanics leading to FAI and

articular cartilage damage [21, 22, 32], which is associated

with premature osteoarthritis [1]. Despite historically better

long-term outcomes after in situ pinning compared with

reorientation procedures for mild and moderate SCFE, the

residual deformity in severe SCFE is recognized to nega-

tively affect its prognosis [7, 8]. The modified Dunn

Fig. 1A–F Radiographs from an 11-year-old girl with severe chronic

stable SCFE treated by a modified Dunn procedure are shown. (A)
The preoperative frog lateral radiograph shows abnormal femoral

head-neck morphologic features with an increased alpha angle and

reduced offset. (B) An AP radiograph taken preoperatively shows the

severe deformity of the proximal femur. (C) An intraoperative

photograph of the proximal aspect of the femur after surgical

dislocation of the hip before development of the retinacular flap is

shown. The anterior periosteum (black arrow) is torn and the

metaphysis (asterisk) is prominent and severely displaced from the

epiphysis. (D) An intraoperative photograph of the acetabulum shows

articular cartilage damage extending from the superior to the anterior

portion of the acetabular rim with chondral labral delamination (black

arrow) and pitting malacia (white arrow). (E) The frog lateral

radiograph taken at 2 years after surgery shows improved femoral

head-neck offset and alpha angle. (F) An AP radiograph taken 2 years

after surgery shows restored proximal femoral anatomy with normal

alignment of the epiphysis in relation to the femoral neck.

c
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subcapital realignment procedure using a surgical hip dis-

location approach has been reported to provide restoration

of the femoral head-neck anatomy with low rates of oste-

onecrosis for treatment of stable SCFE [17, 24, 26, 33, 39].

Despite the reported low rates of osteonecrosis, the modi-

fied Dunn technique may have a higher risk when

compared with in situ pinning. Moreover, because of the

learning curve associated with the technically demanding

modified Dunn procedure, the decision between its use

versus in situ pinning often is based on surgeon experience

rather than available evidence. In this study, we compared

the modified Dunn procedure with in situ pinning regarding

restoration of the proximal femoral anatomy, Heyman and

Herndon clinical outcome [16], complication rate, and

frequency of subsequent surgical interventions after treat-

ment of severe stable SCFE.

Our study has numerous limitations. First, by including

only patients with severe stable SCFE, we limited the

number of patients in each treatment group. However,

severe stable SCFE is rare. In the consecutive multicenter

series by Ziebarth et al. [39], there were only five stable

SCFE cases with documented preoperative Southwick

angles greater than 60�. To our knowledge, our study is the

largest series specifically evaluating severe stable SCFE

and we believe the addition of a comparison group

strengthens our findings. With the numbers available there

was no difference in the complication rate between the two

groups. However, we acknowledge that this study may

have been underpowered to definitively draw this conclu-

sion and further investigation is recommended. Second,

potential assessment bias existed because the radiographic

measurements and Heyman and Herndon classification [16]

were determined unblinded to treatment. We attempted to

control for this by using assessors not involved in the

subjects’ clinical care. Third, the retrospective nature of

this study did not allow for standardization of surgical

technique in the in situ group. Six experienced pediatric

orthopaedic surgeons performed all the in situ pinning

procedures and the modified Dunn procedures were per-

formed by one of three of the authors using a more

standardized technique. This raises a concern for selection

bias, especially in the transition time where both treatments

were performed at our institutions. It may have been that

more complex cases were referred to one of the three

surgeons performing the modified Dunn procedure while

other not-so-involved cases were treated by the on-call

surgeon by in situ pinning. Although we did not compare

two sequential series in this study, the modified Dunn

technique has been used only since 2007 and all patients

treated by in situ pinning were treated before 2009. Fourth,

our specific goal in this study was to comparatively

investigate in situ pinning and the modified Dunn proce-

dure as definitive treatment modalities for severe stable

SCFE. We found that 1
.
2 of the patients in the in situ pin-

ning group underwent treatment for persistent hip pain

related to the femoral deformity and FAI. Therefore, in situ

pinning alone may not be sufficient to allow complete

resolution of symptoms and improve function and hip

motion in patients with severe stable SCFE. However,

other surgical options outside the scope of this study exist,

including different osteotomies performed at the base of

the femoral neck [5, 19] or at the subtrochanteric level [18,

31, 35, 36]. These procedures are not as technically

demanding as the modified Dunn approach and one

potential strategy to manage severe stable SCFE could

Table 2. Pre- and postoperative radiographic parameters by treatment group

Parameter, median (interquartile range) In situ pinning Modified Dunn procedure

Preoperative Postoperative p value* Preoperative Postoperative p value*

AP a angle (degrees) 85 (77–91) 76 (68–88) 0.037 96 (85–103) 52 (41–59) \ 0.001

Lateral a angle (degrees) 106 (95–113) 87 (74–96) \ 0.001 111 (93–120) 44 (40–51) \ 0.001

Femoral head-neck offset (mm) –11 (–13 to –8) –5 (–11 to –4) 0.019 –11 (–18 to –7) 7 (5–9) \ 0.001

Southwick angle (degrees) 63 (60–74) 58 (47–66) 0.142 65 (54–81) 16 (6–23) \ 0.001

* p values correspond to within-group changes in radiographic measurements based on the Wilcoxon rank-sum test.

Table 3. Heyman and Herndon classifications by treatment group

Treatment group Failure Poor Fair Good Excellent

In situ pinning, number (%) 7 (47) 3 (20) 1 (7) 1 (7) 3 (20)

Modified Dunn procedure,

number (%)

1 (7) 5 (33) 0 2 (13) 7 (47)

Table 4. Postoperative complications by treatment group

Complication type In situ pinning Modified Dunn

procedure

Number Percent Number Percent

Osteonecrosis 1 7 1 7

Slip progression 1 7 0 0

Pin impingement 2 13 0 0

Implant failure 0 0 1 7

Intraarticular pin penetration 0 0 1 7
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involve in situ pinning followed by a staged, planned

femoral osteotomy.

Another source of limitation is the 70% followup rate

of our series. Of the 15 patients lost to followup 12 were

in the in situ pinning group, one in the modified Dunn

group, and two had additional procedures at the time of

surgery (one anterior-performed Fish osteotomy [12] and

one femoral osteotomy). We acknowledge the potential

source of transfer bias owing to the unequal loss to fol-

lowup, which is attributable to the modified Dunn and the

in situ pinning procedures requiring different followup

regimens. Because patients who have in situ pinning

often require fewer weightbearing restrictions and pre-

cautions during the immediate postoperative period, they

may be less likely to be followed up for a long time.

However, the concerns regarding subcapital realignment

healing, longer rehabilitation process, and the potential

for osteonecrosis make patients in the modified Dunn

group more likely to return for postoperative evaluation.

Likewise, we acknowledge that the difference in

Fig. 2A–D Radiographs from a 13-year-old boy with severe stable

SCFE treated by in situ fixation with an additional complication of

progressive slip and osteonecrosis of the femoral head are shown. (A)
The preoperative frog lateral radiograph shows a severe SCFE of the

left hip. (B) The radiograph taken 2 months after in situ pinning

shows progression of the slip and inadequate position of the screw in

relation to the center of the femoral head. (C) The patient underwent

revision of the fixation with an additional screw. The lateral

radiograph shows lucency in the femoral head with sclerosis on the

acetabular rim. (D) The frog lateral radiograph taken 4 years after a

proximal femoral valgus flexion derotational osteotomy shows the

femoral head has lost its sphericity secondary to osteonecrosis and

there is a residual deformity of the femoral head and neck junction

with a large prominence. The patient has a mild limp, mild pain

exacerbated by activities, and limited flexion, internal rotation, and

abduction of the left hip compared with the contralateral normal hip.
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postoperative protocol is a concern for cointervention

bias. The longer restriction on weightbearing was differ-

ent between the two groups and it could have affected the

short-term results evaluated in this study. Finally, another

concern regarding the unequal loss of followup in the

in situ pinning group is that the patients who were lost to

followup could have had different outcomes than those

who completed the study. The patients who were treated

by in situ pinning may not have returned for followup

because they could have had a bad clinical outcome and

went elsewhere for treatment. Finally, the short-term

followup may have not allowed capture of all potential

complications associated with severe SCFE in the long

term, including degenerative osteoarthritis. Despite these

concerns, the length of followup was similar between the

two treatment groups.

Complete restoration of the femoral head-neck anatomy

after the modified Dunn procedure was not unforeseen [26,

33, 39]. However, to our knowledge, this is the first study to

show a difference in the Southwick angle, alpha angle, and

femoral head-neck offset between the modified Dunn pro-

cedure and in situ pinning for treatment of severe SCFE. In

our series, the median alpha angle on the lateral frog

radiographic view after the modified Dunn procedure was

44�, which is in line with previous studies in which mean

lateral alpha angles between 40.6� and 46�were reported [2,
26, 38]. The median lateral alpha angle of 87� after in situ

pinning was greater than that in the modified Dunn group

and greater than reported reference normal values of 42� and
47� in female and male adolescents, respectively [6]. The

alpha angle, however, was substantially improved at most

recent followup in the in situ pinning group. We attribute

this improvement to femoral head-neck junction remodeling

after in situ pinning [29]. The remodeling process is a result

of repetitive impingement of the prominent metaphyseo-

epiphyseal junction into the acetabulum that leads to

cartilage damage [30]. However, this process in patients

with severe SCFE is unlikely to fully restore the proximal

femoral anatomy. Castaneda et al. [10] reported that after a

mean of 22 years after in situ pinning, 80% of patients had a

pistol grip deformity and all patients had radiographic signs

of osteoarthritis. Wensaas et al. [37] reported on 36 patients

followed for an average of 37 years after in situ pinning and

reported that persistent deformity with radiologic FAI is

associated with poorer clinical and radiologic long-term

outcome. In our study, the proximal femur deformity was

corrected after a modified Dunn procedure but not after

in situ pinning. However, with the short-term followup in

our study, we were unable to determine if restoration of the

femoral anatomy after the modified Dunn procedure allows

for long-term joint survival.

Our findings suggest less hip pain and better motion and

walking ability in the short term after the modified Dunn

procedure compared with in situ pinning. The clinical

outcome scores after the modified Dunn procedure are in

line with those of Masse et al. [26], who reported a mean

Harris hip score of 98.2 of 100 points. The main limitation

in six of their patients was occasional mild pain, which

would correspond to a poor result according to the Heyman

and Herndon classification [16]. In our series, we found a

very low rate of good or excellent outcomes [16] after

in situ pinning. In a series of 105 patients with severe stable

SCFE treated by in situ pinning and followed for a mean of

5.5 years, Castaneda et al. [9] reported that 76% achieved

good or excellent results as assessed by the Iowa Hip

Score. Larson et al. [20] reported on 176 hips with patients

having a mean followup of 16 years after SCFE. Twelve

percent of their patients underwent reconstructive surgery

and an additional 33% experienced persistent pain after

in situ pinning [20]. We believe surgical correction of the

deformity with a modified Dunn procedure may be con-

sidered because of the relative high rate of unsatisfactory

clinical results after in situ pinning in patients with severe

SCFE.

With the numbers available, we found no difference in

the odds of complications developing after in situ pinning

versus the modified Dunn procedure. Osteonecrosis of the

femoral head is the most worrisome complication after

SCFE treatment. One of our patients (7%) had osteonecrosis

develop after in situ pinning. Although rare, osteonecrosis

has been reported in as much as 5% of severe slips treated

by in situ pinning [9]. Similar to Castaneda et al. [9], we

attribute the osteonecrosis after in situ pinning in our patient

to an inadequate cannulated screw position and slip pro-

gression after fixation. In addition, one of our patients (7%)

had osteonecrosis develop after the modified Dunn proce-

dure. Slongo et al. [33] also reported only one osteonecrosis

occurrence in nine severe SCFE cases treated by the mod-

ified Dunn procedure. Ziebarth et al. [39] reported no cases

of osteonecrosis in five patients with severe stable SCFE.

Masse et al. [26] also reported no cases of osteonecrosis in

five patients with severe stable SCFE. We are aware of only

one comparative study between in situ pinning and the

modified Dunn procedure [34]. In a retrospective series by

Souder et al. [34], 64 patients with stable SCFE were treated

with in situ pinning and 10 had the modified Dunn proce-

dure. They concluded that in situ pinning was substantially

safer regarding osteonecrosis (no osteonecrosis after in situ

pinning; two of 10 patients had osteonecrosis develop after

the modified Dunn procedure; p = 0.02). However, there

was no stratification of SCFE severity in their study. Fur-

thermore, similar to our findings, they reported that there

was no clear relationship between complication rate and

treatment method. Osteonecrosis of the femoral head,

however, is the most important complication of SCFE

treatment that is associated with poor long-term hip function

Volume 473, Number 6, June 2015 Treatment of Severe Stable SCFE 2115

123



and early degenerative joint changes. Future studies should

investigate whether specific patient characteristics, including

the severity of the femoral neck adaptive deformity and the

growth plate status, play a role in the rate of osteonecrosis or

if it is directly related to only surgeons’ experience with the

procedure.

Our data suggest that the modified Dunn procedure is

more reliable than in situ pinning in terms of definitive

treatment. Half of the patients treated by in situ pinning

underwent additional surgical intervention owing to hip

pain and limited motion associated with FAI. Arora et al.

[4] also reported a high rate (77%) of secondary surgery

within 4 years after in situ pinning. In contrast, Souder

et al. [34] found no significant relationship between reop-

eration rate and treatment method. They recommended

in situ pinning to minimize risk of osteonecrosis but

acknowledged that patients might need additional treat-

ment for residual FAI deformity. In our series, 13% (two of

15) of patients in the modified Dunn group required

implant revision because of failure. The ideal implant for

fixation after the modified Dunn procedure has not been

well established. Huber et al. [17] reported a 13% rate of

implant failure requiring revision, whereas Ziebarth et al.

[39] reported a 7.5% rate. Although our study averaged 2

years of followup, we believe it captured most potential

short and mid-term complications after the modified Dunn

procedure that potentially could require surgical treatment.

The modified Dunn procedure allowed for restoration of

the morphologic features of the proximal femur as seen by

the radiographic analysis, however it does not preclude that

these hips will not have secondary osteoarthritis develop.

Long-term studies of patients undergoing the modified

Dunn procedure for treatment of severe stable SCFE should

be done to determine whether radiographic restoration of

morphologic features of the femur avoids osteoarthritis of

the hip.

We found that the modified Dunn subcapital realign-

ment procedure using a surgical hip dislocation approach

allows for better radiographic correction of the femoral

head and neck deformity, better clinical Heyman and

Herndon outcome classification [16], and lower reopera-

tion rate when compared with in situ pinning for treatment

of severe stable SCFE at an average of 2 years of fol-

lowup. Moreover, there was a relative low rate of

complications after the modified Dunn procedure, how-

ever the surgeons performing the procedures were

experienced and it is unclear whether our results would be

reproduced by surgeons with less experience. In situ

pinning is less technically challenging, however it is

offset by the lack of deformity correction and increased

risk of secondary procedures for treatment of residual FAI

after severe SCFE. The orthopaedic surgeon should assess

these risks on an individual basis to allow for informed

decision with patients. Radiographic correction after the

modified Dunn procedure is impressive, however more

studies are needed to evaluate whether restoring the

proximal femur anatomy plays a role in preventing the

development of osteoarthritis associated with severe sta-

ble SCFE.
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