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Abstract
Background Prophylactic pinning of the asymptomatic
and normal-appearing contralateral hip in patients with
unilateral slipped capital femoral epiphysis (SCFE)
remains controversial. Understanding the minimal 10-year
clinical, functional, and radiographic outcomes of the
contralateral asymptomatic hip in unilateral SCFE may be
helpful in the decision regarding whether the benefits as-
sociated with potentially preventing a SCFE are out-
weighed by the risk of additional surgery.
Questions/purposes Among patients with SCFE treated
with prophylactic pinning of the asymptomatic and

contralateral hip, we sought (1) to determine the compli-
cations and reoperations; (2) to evaluate the development
of cam deformities and the frequency and severity of os-
teoarthritis progression; and (3) to characterize hip pain and
function as measured by the Harris hip score (HHS) and the
Hip Disability and Osteoarthritis Outcome Score (HOOS)
at minimal 10-year followup.
Methods Between 1998 and 2005 all patients with SCFE
seen at our institution were treated with the modified Dunn
procedure and all were offered prophylactic pinning of the
contralateral asymptomatic hip. Of the 41 patients who
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underwent the unilateral modified Dunn procedure and who
had an asymptomatic contralateral hip, 37 patients (90%)
underwent pinning of that contralateral hip. Of those, 33
patients (80%) were available for clinical and radiographic
evaluation for this retrospective study at a minimum of 10
years (mean followup 12 6 2 years) after surgery. Three
patients of the 37 patients only had 10-year clinical fol-
lowup, including questionnaires sent by mail and telephone,
because they refused further radiographic followup and one
patient was lost to followup. The group included 19 males
and 17 females whose age at surgery was a mean of 136 2
years.Medical chartswere reviewed and patients were asked
about complications and additional surgical procedures.
Most recent postoperative radiographs were evaluated for
measurement of the alpha angle, head-neck offset, epiphysis
orientation, and osteoarthritis grading according to
Tönnis classification and minimum joint space width. The
presence of a cam deformity was defined by an alpha
angle measurement > 60° on the AP radiograph and/or >
55° on the lateral radiograph. Hip function and pain were
assessed by the HHS and HOOS outcome measures.
Results No complications with prophylactic in situ pinning
were recorded. Four of 36 (11%) patients underwent sub-
sequent surgical treatment for cam-type femoroacetabular
impingement (FAI), and hardware removal was performed
in four hips (11%). The mean alpha angle was 53° 6 8° on
the AP radiograph and 49° 6 8° on the lateral view at fol-
lowup. In total, 10 of 33 hips (30%) had a cam morphology
at the femoral head-neck junction and four (12%) were
symptomatic and underwent FAI surgery. Six of 33 patients
(18%) developed an asymptomatic cam morphology at
the femoral head-neck junction; in three of 33 hips (9%), the
cam deformity instead of lesion were visible only on the
lateral projection, and 9% were visible on both the AP and
lateral projections. The preoperative offset of the femoral
head-neck junction was 106 3 mm on the AP view and 11
6 4 mm on the lateral view. At followup, the AP offset was
7 6 3 mm and the lateral offset was 6 6 3 mm, and on the
lateral view, the offset was < 10mm in eight hips (22%). No
patient had radiographic signs of hip osteoarthritis (Tönnis
Grade 0). The mean minimum joint space width was 4 6
0.4 mm. The mean HHS for the 32 patients who did not
undergo subsequent surgery was 976 5 at latest followup.
The mean postoperative HOOS was 94 6 8 for the 32
patients at latest followup.
Conclusions At a minimum followup of 10 years after
prophylactic pinning of a contralateral asymptomatic hip,
most patients achieve excellent hip scores; however, a
substantial proportion will develop a symptomatic cam
deformity despite prophylactic pinning. No patient had
signs of osteoarthritis at a minimum of 10 years, but almost
one-third of the patients who underwent prophylactic
pinning developed a cam deformity.
Level of Evidence Level IV, therapeutic study.

Introduction

Slipped capital femoral epiphysis (SCFE) is a relatively
common hip disorder in adolescents with an overall in-
cidence of 10.8 per 100,000 children in the United States
[23] and an incidence of 11.6 per 100,000 children in
Europe [46]. The prevalence of bilateral involvement has
been reported to vary between 21% and 80% [4, 13–15, 19,
27, 32]. This variation is attributable in part to the fact that
some patients have bilateral SCFE at the time of pre-
sentation [14, 18], whereas others develop asynchronous
presentation, typically in the first 18 months after the pri-
mary slip [27]. Furthermore, the opposite hip may develop
SCFE asymptomatically during adolescence leading to a
later postslip deformity in adulthood [14, 19, 45]. Assess-
ment of the contralateral hip in patients with unilateral
SCFE followed for an average of 30 years have shown
radiographic features of SCFE that had been under-
diagnosed during adolescence in 40% of the patients [14].
Additionally, up to one-third of the contralateral hips with a
postslip deformity develop signs of radiographic osteoar-
thritis at followup ranging from 16 to 66 years [14, 19].
There also is concerning evidence that even mild SCFE
deformity can lead to femoroacetabular impingement
(FAI) [10, 35] and articular cartilage damage that may in-
crease the risk of later osteoarthritis development [17,
25, 38].

Although prophylactic pinning of the contralateral
asymptomatic and normal-appearing hip in patients with
unilateral SCFE is a well-known treatment method [43], it
still remains controversial [5, 6, 13–15, 19, 22, 27, 31–33,
36, 45]. The high prevalence of bilateral involvement, the
risks of a subsequent displaced SCFE with potential
complications such as osteonecrosis, and the proportion of
osteoarthritis in patients who developed an asymptomatic
postslip deformity have all been reported as part of the
rationale for prophylactic pinning [13, 14, 36, 37]. Al-
though the risk of complications after prophylactic pinning
with contemporary techniques has been reduced, some risk
remains [5, 33]. Understanding the long-term outcome of
the contralateral normal hip in unilateral SCFE is crucial to
the decision regarding prophylactic fixation. Although a
few long-term studies have reported up to a 30% incidence
of osteoarthritis in the contralateral hips of patients treated
for unilateral SCFE [13, 19], there are limited data about
the mid- and long-term clinical, functional, and radio-
graphic outcomes after prophylactic pinning [9].

In this retrospective study, we therefore evaluated
patients with SCFE treated with prophylactic pinning of the
contralateral and asymptomatic hip and sought (1) to de-
termine the complications and reoperations; (2) to evaluate
the development of cam deformities and the frequency and
severity of osteoarthritis instead of arthritis progression;
and (3) to characterize hip pain and function as measured
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by the Harris hip score (HHS) and the Hip Disability and
Osteoarthritis Outcome Score (HOOS) at minimal 10-year
followup.

Patients and Methods

Between 1998 to 2005 a total of 42 patients (43 hips) were
uniformly treated for SCFE with the modified Dunn pro-
cedure [40, 49, 50] at the University Hospital of Bern.
During this period, we recommended prophylactic pinning
of the asymptomatic contralateral hip (which showed no
radiographic features of SCFE) in all patients. This series
includes some of the first patients who underwent the
modified Dunn procedure. This approach was applied re-
gardless of whether the slips were mild or severe, acute or
chronic, and all such patients were considered potentially
eligible here. One patient (two hips) presented with bi-
lateral symptomatic SCFE and was excluded. However,
four patients did not undergo prophylactic pinning because
the family refused after an informed discussion. Therefore,
37 patients underwent prophylactic pinning of the
asymptomatic normal-appearing contralateral hip during
the study period (Fig. 1). Minimum followup was set at 10
years; one patient who lived abroad was further excluded
because of insufficient clinical and radiographic followup.
A total of 36 patients with a minimum 10-year followup
after prophylactic pinning were thus included. Three
patients had only 10-year clinical followup, including

questionnaires sent by mail and telephone, because they
refused further radiographic followup (Fig. 1). This resul-
ted in 33 hips of 33 patients with a complete clinical and
radiographic minimum 10-year followup. There were 19
male patients (53%) and 17 female patients (47%) with a
mean age of 136 2 years at surgery and a mean body mass
index (BMI) of 23 6 4 kg/m2. This is above the 90th per-
centile. The BMI for males was 23 6 4 kg/m2 and for
females was 246 5 kg/m2. The mean followup was 126 2
years (Table 1).

We defined a normal contralateral hip at the time of the
Dunn procedure as one that included a normal superior
femoral neck line crossing the epiphysis (Klein’s line
[21]), a normal alpha angle, and no tilt nor displacement of
the epiphysis on the lateral view. Preoperative slip angle
according to Southwick [39] was measured.

One of the authors (TDL) not involved in the surgical
care of the patients reviewed the medical records for col-
lection of preoperative demographic variables, including
age at surgery, sex, and BMI. Data regarding intra- and
postoperative complications were also collected along with
any additional surgery during the study period (Table 2).
The most recent clinical data including self-reported
questionnaires, hip motion, and radiographs were
assessed during a regular office visit by one of the authors
(TDL) not involved in the surgical care of the patients.

Description of Treatment/Operative Technique

For the prophylactic pinning, patients were positioned
primarily in the supine position or occasionally in the lat-
eral decubitus position, depending on the weight of the
patient, on a radiolucent table. A small incision was made
in the lateral aspect of the thigh and after dissection of the
subcutaneous tissue, the fascia lata was split longitudinally.
The vastus lateralis was split in line with its fibers by a
scissor. A Hohmann retractor was placed anterior and
posterior to the femur. A 2-mm Kirschner wire (not

Fig. 1 The flowchart with exclusion criteria for the study group
is shown.

Table 1. Demographic information of the study group

Parameter Value

Number of hips (patients) 36 (36)

Mean age at operation (years) 13 6 2 (10–17)

Sex (% male of all hips) 53

Side (% right of all hips) 75

Mean height (cm) 161 6 9 (149–180)

Mean weight (kg) 62 6 13 (40–94)

Mean BMI (kg/m2) 23 6 4 (16–30)

Mean followup (years) 12 6 2 (10–17)

Continuous values are expressed as mean 6 SD and range in
parentheses; BMI = body mass index.
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threaded) was placed on the anterior femoral neck to judge
anteversion. Under fluoroscopic guidance, two fully
threaded wires (size between 3.0 and 4.0 mm depending on
the size of the patient) were introduced in the lateral cortex
of the proximal femur and advanced into the proximal
femoral epiphysis. Three wires were used in three patients
because the position of two wires was deemed insufficient
by the operating surgeon; in one patient, the fixation was
performed with two 3.5-mm cortical screws. The rationale
for using Kirschner wires was based on the relative sim-
plicity of the procedure, their widespread availability, and
our earlier excellent results using these implants. Adequate
implant position was considered if the parallel or divergent
placed Kirschner wires were crossing the physis in both AP
and lateral projections. When proper positioning was seen
on the image intensifier, the wires were cut 1 cm above the
lateral cortex. The wound was closed in a standard fashion.
All patients were allowed immediate full weightbearing on
the side with prophylactic pinning.

Clinical Evaluation

Self- or parent-reported reported outcome instruments
were collected with questions regarding the left and right
hips for the HHS [16] and the HOOS [20, 29]. The maxi-
mum HHS is 100 points; a score of 91 to 100 points cor-
responds to excellent hip function; 81 to 90 points is good
function; 71 to 80 points means fair function; and # 70
points equals poor hip function. The HOOS consists of 40
items assessing five dimensions: pain, function in activities
of daily living, function in sport and recreation, hip-related
quality of life, and other symptoms (Table 3). Each sub-
scale has a score from 0 to 100, where 0 indicates extreme
problem and 100 indicates no problem. The diagnosis of
FAI during the followup period was based on a physical

examination consistent with a painful (positive) impingement
test [41] in association with limited internal rotation with the
hip at 90o of flexion and abnormal femoral head-neck mor-
phology on radiographs and MRI. Four patients with symp-
tomatic cam-type FAI underwent direct MR arthrography for
evaluation of the femoral head-neck junction, cartilage, and
labrum damage. Any additional surgical treatment during the
study period was recorded as part of the clinical outcome.
Amplitudes of hip motion in flexion, abduction, adduction as
well as internal and external rotation were assessed with the
hip in 90° of flexion.

Radiographic Evaluation

Two authors (ENN, TDL) who were not involved in clin-
ical care of the patients evaluated preoperative AP radio-
graphs for the measurement of the femoral neck-shaft angle
and the modified alpha angle for the AP view [11] to as-
certain whether patients had coxa vara or cam morphology
preoperatively (Table 4). Before surgery a lateral radio-
graph was often not feasible because of pain in the SCFE
hip, which precluded frog-leg positioning. Postoperative
radiographic variables of interest included the modified
alpha angle for the AP view [11] and the alpha angle
measured on the lateral (frog-leg or cross-table lateral)
view [30]. The presence of a cam morphology was defined
by an alpha angle measurement > 60° on the AP radiograph

Table 2. Subsequent surgical procedures of the 36
asymptomatic hips that underwent prophylactic pinning at
minimum 10-year followup

Type of surgery Number of hips

Hips (%) with subsequent surgeries 8 (22%)

Hips (%) with subsequent surgeries for
FAI

4 (11%)

Surgical hip dislocation with femoral
head-neck offset restoration (cam
resection) and labrum fixation

3 (8%)

Hip arthroscopy and surgical hip
dislocation with femoral head-neck
offset restoration

1 (3%)

Implant removal (in 1 patient, only
partial implant removal was
possible)

4 (11%)

FAI = femoroacetabular impingement.

Table 3. Clinical outcomes assessed by PROMs and ROM of the
asymptomatic prophylactically pinned hips without
subsequent FAI surgery* (n = 32 hips) at minimum 10-year
followup

Patient-reported outcomes Value

Harris hip score [16] 97 6 5 (74–100)

HOOS total score [29] 94 6 8 (71–100)

Pain 97 6 7 (70–100)

Function and daily living 97 6 8 (57–100)

Sports and recreational activities 96 6 10 (50–100)

Symptoms and stiffness 92 6 8 (75–100)

Quality of life 88 6 13 (50–100)

Range of hip motion at followup

Flexion (°) 107 6 10 (90–120)

Internal rotation in 90° of flexion (°) 35 6 9 (20–55)

External rotation in 90° of flexion (°) 46 6 13 (20–80)

Abduction in extension (°) 38 6 8 (20–50)

Adduction in extension (°) 17 6 6 (10–30)

Hips (%) with positive anterior
impingement test

3 (9%)

*Four of 36 hips (11%) underwent subsequent FAI surgery;
continuous values are expressed as mean 6 SD and range in
parentheses; PROMs = patient-reported outcome measures;
HOOS = Hip Disability and Osteoarthritis Outcome Scores.
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and/or > 55° on the lateral radiograph [1, 11, 30]. As sec-
ondary radiographic variables measured to assess the
proximal femoral morphology, the neck-shaft angle and
the articulotrochanteric distance were also measured. The
normal reported mean values of the articulotrochanteric
distance are 20 mm [7]. The normal reported slip angle is
below 12° [26]. The normal reported offset of the femoral
neck is 11.6 6 0.7 mm, whereas hips with cam impinge-
ment have a decreased anterior offset of 7.2 6 0.7 mm
[8, 41]. Osteoarthritis was graded according to the classi-
fication of Tönnis [44] and joint space width was measured
on AP pelvic radiographs with a film-focus distance of
1.2 m [41]. The central beam is directed to the midpoint
between a line connecting both anterosuperior iliac spines
and the superior border of the symphysis [41]. Three
measurements of the joint space width were performed:
medial, central, and lateral. The minimum of the three
measurements was used as the outcome parameter.

Statistical Analysis and Reliability

Statistical analysis was performed using Winstat software
(R. Fitch Software, Bad Krozingen, Germany). We tested
normal distribution using the Kolmogorov-Smirnov test.
Because all parameters were normally distributed, only

parametric tests were used. We used the dependent t-test
for continuous variables. To detect the reliability and re-
producibility of three radiologic parameters (alpha angle,
joint space width, and articulotrochanteric distance), 20
radiographs were randomly chosen from the image data-
base of this patient cohort. Two independent observers
(TDL, ENN) assessed the three radiologic parameters on
AP radiographs on two separate occasions at least 2 weeks
apart. Intraobserver agreement and interobserver agree-
ment of the three radiologic parameters were calculated
with the intraclass correlation coefficient (ICC). ICC was
interpreted as moderate from 0.61 to 0.80 [28] and good
from 0.81 to 1.0. The intraobserver agreement of the alpha
angle was good for both observers (ICC of 0.71 for ob-
server 1; ICC of 0.83 for observer 2). A good in-
terobserver variability also was detected (ICC of 0.8 at
both points).

Results

No intraoperative or postoperative complications with
prophylactic in situ pinning were recorded. Four patients
underwent symptomatic hardware removal and in one, the
hardware was only able to be partially removed secondary
to wire breakage (Table 2). Four of 36 (11%) patients (two

Table 4. Radiographic results for 29 asymptomatic prophylactically pinned hips without subsequent FAI surgery and complete
radiographic followup at minimum 10 years (4 of 36 hips (11%) underwent subsequent FAI surgery and 3 hips had no radiographic
followup)

Parameter Preoperative At followup p value

Alpha angle AP view (°) 49 6 3 (42-55) 53 6 8 (42-77) 0.046

Neck-shaft angle (°) 139 6 5 (130- 149) 135 6 4 (126-141) < 0.001

Alpha angle lateral view (°) 40 6 3 (35-45)* 49 6 8 (37-66)

Slip (Southwick) angle (°) 8 6 3 (3-14)*

Offset of the femoral head-neck
junction lateral view (mm)

11 6 4 (6-15)* 6 6 3 (1-11)

Offset of the femoral head-neck
junction AP view (mm)

10 6 3 (7-14) 7 6 3 (1-10)

Articulotrochanteric distance (mm) 22 6 5 (13-30)

Hips (%) with articulotrochanteric
distance below 20 mm

12 (41%)

Joint space width (mm) 4 6 0.4 (3-5)

OA (Tönnis classification) Grade 0 29 (100%)

Hips (%) with alpha angle > 60° on the
AP and alpha angle > 55° on the lateral
view

3 (10%)

Additional hips (%) with alpha angle >
55° on the lateral view only

3 (10%)

Hips (%) with an offset < 10 mm on
lateral view

8 (28%)

*Radiographs available for 10 hips only; continuous values are expressed as mean 6 SD and range in parenthesis; FAI =
femoroacetabular impingement; OA = osteoarthritis.

Volume 477, Number 5 10-year Followup After Prophylactic Pinning 1115

Copyright © 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



males and two females) underwent subsequent additional
surgery for symptomatic cam-type FAI during the fol-
lowup period (Table 2). Three of these four patients un-
derwent an open surgical hip dislocation with resection of
the cam-type deformity and labrum refixation at 1, 4, and 8
years after the initial prophylactic pinning (Fig. 2). One
patient had an unsuccessful hip arthroscopy for cam-type
resection followed by an open surgical hip dislocation 11
years after the prophylactic pinning (Table 2). One patient
developed asymptomatic Brooker Grade II heterotopic
ossification around the trochanter that did not result in
further surgery. No complications during subsequent FAI
surgeries or hardware removals were recorded.

Overall, 10 of 33 hips (30% [seven males and three
females]) had radiographic evidence of a cam-type mor-
phology with an increased alpha angle at the femoral head-
neck junction. As noted previously, four of 33 hips (12%)
presented with a painful (symptomatic) cam-type FAI and
underwent subsequent resection of the cam deformity
(Table 2); the cam-type deformity was visible on the AP
view in two patients (6%) and/or on the lateral view in two
patients (6%). In the remaining six patients (18%), an ab-
normal alpha angle was seen on the AP view in three
patients (9%) and on the AP and lateral views in three
patients (9%). At most recent followup, 23 of 33 hips
(70%) had a normal alpha angle on both the AP and lateral
radiographic views. The mean alpha angle was 53°6 8° on
the AP radiograph and 49° 6 8° on the lateral view at
followup in 29 hips (Table 4). The preoperative offset of
the femoral head-neck junction was normal in all hips on
both the AP and lateral radiographs (Table 4). At followup,
the AP offset was 76 3 mm and the lateral offset was 66

3 mm (Table 4). Eight of 29 hips (28%) had an offset
< 10 mm on the lateral view at followup. The preoperative
Southwick angle (slip angle) averaged 8°6 3°. No patient
had radiographic signs of hip osteoarthritis (Tönnis Grade
0) at the latest followup of mean 12 6 2 years. The mean
minimum joint space width was 4 6 0.4 mm. The articu-
lotrochanteric distance showed a mean of 22 6 5 mm and
the neck-shaft angle averaged 135o 6 4° (Table 4). The
articulotrochanteric distance represents the height of the
greater trochanter and is considered normal above 20 mm.
At final followup, 12 of 29 patients (41%) without sub-
sequent surgery forcam FAI and complete radiographic
followup had an articulotrochanteric distance below
20 mm.

The mean HHS for the 32 patients without subsequent
FAI surgery (Fig. 3) for symptomatic cam FAI was 976 5
(Table 3). Thirty-one patients (97%) who had not un-
dergone subsequent FAI surgery (Fig. 4) had HHS equiv-
alent to excellent function outcomes (> 91 points), whereas
one patient (3%) had 74 points (fair function). The mean
scores for the HOOS averaged 946 8 (Table 3) for these 32
patients. The ROM for flexion averaged 107°6 10° and for
internal rotation in 90° of hip flexion 35° 6 9° (Table 1).
Three of 32 patients (9%) presented with a positive anterior
impingement test during the clinical examination at fol-
lowup without having symptoms in daily life (Table 3).

Discussion

The goals of prophylactic pinning are to prevent the de-
velopment of SCFE, avoiding the risks of osteoarthritis

Fig. 2 A-D A 12-year-old female patient who initially presented with right hip pain underwent
prophylactic pinningof the left asymptomatic hip. (A) TheAP viewof the left hip before surgery
at age 12 years shows normal femoral head-neck junction (arrow). (B) The AP radiograph view
obtained at 5 years postoperatively showing early signs of cam morphology development
(arrow). (C) The AP radiograph obtained at 14 years after prophylactic pinning shows a clear
abnormal femoral head and neck offset (arrow). (D) The lateral radiograph of the femur
showing an aspherical femoral head-neck junction with a cam morphology anteriorly (arrow).
The posterior aspect of the femoral neck is normal with no evidence of callus formation typical
of SCFE. The cause of cam formation in this hip despite prophylactic pinning is unclear.
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associated with undiagnosed SCFE and the potential
complications related to its treatment. These goals are
based on the presumption that prophylactic fixation pre-
serves the morphology of the proximal femur, preventing a
postslip deformity that may be associated with FAI and hip
osteoarthritis. However, long-term data supporting this
assumption are lacking. In this small, retrospective study,
we found no complications other than symptomatic hard-
ware removal and high mean scores for hip-specific
patient-reported outcomes and preservation of the normal
femoral head and neck morphology in most patients at a
minimum 10 years followup after prophylactic pinning.
However, in 30% of patients (10 of 33), cam deformities

developed, and in 11% (four of 36), they were symptomatic
to undergo surgery for FAI. Although none have developed
signs of osteoarthritis after minimal 10-year followup,
these patients are still very young; most are in their third
decade of life. The probability of developing degenerative
changes of the hip in these patients thus persists.

This study had several limitations. The small sample
size makes it likely that not all possible complications of
these interventions would be observed here; this may be
partially offset by the fact that at least this group was well
surveyed: only one patient was completely lost to fol-
lowup, and 33 of the remaining 36 were evaluated in per-
son. Additionally, the lack of a control group makes it

Fig. 3 A-D A 14-year-old male patient with a preoperative (A) normal femoral head-neck
junction (arrow), at 11 years (B) after prophylactic pinning of the asymptomatic right side and
the lateral view (C) at 11-year followup are shown. (B) The AP radiograph and (C) the lateral
view (C) at followup show a large cam morphology resembling a pistol grip deformity
(arrows).

Fig. 4 A-C (A) A 14-year-old male patient underwent prophylactic pinning on the asymp-
tomatic right side. The alpha angle was normal. (B) At 8-year followup, he presented with
a symptomatic cam-type morphology (arrow) with an alpha angle of 62° on the lateral view
and underwent surgical hip dislocation (C) for open cam resection (arrow). (D) At 10-year
followup, he presented with a good clinical and radiographic outcome with an improved
femoral head-neck junction (arrow) and normal alpha angle.
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difficult to know with certainty whether prophylactic pin-
ning in these patients would have improved the natural
history of the condition. However, the fact that so many
patients developed a cam deformity despite pinning makes
us believe that perhaps more patients would have
developed a cam deformity if they had not been pinned.
The natural course of the asymptomatic and contralateral
hip without prophylactic pinning in a patient with unilateral
SCFE was investigated previously by others [45], and 10
years may be insufficient to determine whether osteoar-
thritis will develop in the group we treated; this is espe-
cially important to consider in light of the young age of
these patients. Another potential limitation is related to the
fact that an open subcapital realignment technique [40, 49,
50] was used for the treatment of the SCFE hip, and there
was wide variation in the degree and severity of the slip
among these patients. This could have impacted the func-
tional outcomes of our patients. However, in our ques-
tionnaires, each item of the modified HHS and HOOS
(Table 3) was collected for the left and right hip separately,
allowing the patient to clearly differentiate between the hip
that could be a source of dysfunction or pain. However,
assessment of activity level is impossible to distinguish for
each side and thus we did not report that specific score. In
addition, we were not able to quantify femoral version
because no CT or MRI scans were available for these
patients. Abnormal femoral version could be an additional
factor contributing to FAI and hip diseases resulting from
the high prevalence of abnormal femoral version [24]. In
addition, the measurement of the joint space width could
theoretically be biased by magnification errors. We tried to
minimize this bias with standardization of the projection of
the AP pelvis radiograph and also utilizing the Tönnis
grade. Furthermore, these patients with SCFE are thinner
(BMI in Table 1) than most patients with SCFE reported in
the orthopaedic literature. We believe that this factor may
be more important for the symptomatic SCFE side rather
than for the side undergoing prophylactic pinning. Finally,
subgroup analysis for male and female patients was not
possible because of the small sample size. This is important
because of the known sex differences of development of
cam-type FAI.

Prophylactic pinning of the contralateral radiographi-
cally normal-appearing side is associated with no compli-
cations, but additional procedures were performed in four
patients (11%; Table 2) for symptomatic cam-type
deformities and in another four patients for metal re-
moval. Although Fraitzl et al. [9] reported no complica-
tions at 14-year followup after this procedure, others have
reported complications associated with this procedure [33,
47]. Most frequently, these complications were symp-
tomatic hardware, focal avascular necrosis, or proximal
femur fractures at the entry point of screws [33]. The higher
risk of complications in some of these studies could be

caused by the larger study size or the larger number or size
of implants such as screws or devices like a dynamic hip
screw, which may promote these complications.

The contralateral and radiographically normal-
appearing hips of patients with unilateral SCFE presented
with cam-type deformities in 30% of hips at a mean fol-
lowup of 12 years. Six of 33 patients (18%) developed a
cam morphology of the femoral head-neck junction and
remained asymptomatic at this time. However, an addi-
tional four hips (12%) with cam deformities became
symptomatic and underwent surgical correction of the de-
formity (Table 2). Similar findings were reported by Fraitzl
et al. [9] who found evidence of a cam deformity after
prophylactic pinning in five of 16 patients (31%; Table 5).
This is a relatively high prevalence in young patients and
they are at high risk of having problems in the future.
Fraitzl et al. [9] measured higher alpha angles (62°) on the
AP view compared with our study (53°). However, the
mean alpha angle of 53°6 8° measured on the AP view at
followup in our study is clearly higher (Table 4) than the
41° reported in a normative study in 200 asymptomatic
participants [12]. Development of a cam deformity in the
contralateral asymptomatic hip without prophylactic pin-
ning in patients with unilateral SCFE has been reported
with an even higher rate of approximately 40% [2, 3, 14,
19, 45, 48]. Thus, it seems clear that prophylactic pinning is
not the cause of a later deformity. Prophylactic pinning
may potentially decrease the rate of subsequent cam
deformities through early stabilization of a potentially
weak epiphysis. However, the benefit to prevent contra-
lateral slip is clear but the benefit to prevent later cam-type
FAI remains unclear. Hägglund et al. [14] reported that up
to 40% had signs of contralateral slipping at followup
ranging from 16 to 66 years (Table 5). Because pro-
phylactic pinning could prevent a contralateral slip in our
series, this seems to be a clear benefit to the authors. In the
present series, there were no obvious signs of an abnormal
orientation of the capital epiphysis (Fig. 3) or a previous
silent capital slip of the femoral head at the time of surgery
(Fig. 4). Because prophylactic pinning could prevent a
contralateral slip, this would seem to justify the procedure
to the authors, but we acknowledge that the prevention of
later cam deformities requires further investigation.

Development of osteoarthritis is an insidious process
and our minimum 10-year followup is clearly too short to
estimate the true incidence of hip osteoarthritis after pro-
phylactic pinning. However, the fact that we did not
identify any patient with radiographic osteoarthritis
(Tönnis Grade 0) in this timeframe is encouraging. Pre-
vious long-term studies on the contralateral untreated hip
reported osteoarthritic signs in approximately one-third of
the hips that also developed an asymptomatic mild slip
deformity over time. This was in contrast to osteoarthritic
signs in 9% of the hips that did not develop signs of a mild
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Table 5. Selected studies investigating prophylactic pinning or the natural history of the contralateral hip in unilateral SCFE

Study (year) Treatment and
location

Male (% of
all hips)

Hips (patients) Age at
diagnosis/
surgery (years)

Type of fixation Alpha angle at
followup AP
view (°)

Alpha angle at
followup lateral
view (°)

Followup (years) Complications

Current study Prophylactic
pinning

53% 36 (36) 13 6 2 (10–17) Mostly two
Kirschner wires

53 6 8 (42–77) 49 6 8 (37–66) 12 6 2 (10–17) 11% metal
removal, 11%
underwent
further FAI
surgery

Fraitzl et al.
(2007) [9]

Prophylactic
pinning

81% 16 (16) 14 (12–17) 3, 4 or 5
Kirschner wires

62 (45–90) 46 (33–68) 14 (11–21) NR

Sankar et al.
(2013) [33]

Prophylactic
pinning

56% 99 (99) 11 (8–15) Single 7.3-mm
cannulated
screw (in 81
patients)

NR NR 2 (1–9) 2% AVN, 2%
femur fractures,
3% implant
removal

Woelfle et al.
(2012) [47]

Prophylactic
pinning

62% 66 (11–14) Three Kirschner
wires

NR NR 3 (1–9) 5% wound
revision, 17%
loss of fixation

Dewnany and
Radford (2005)
[6]

Prophylactic
pinning

50% 65 13 (11–15) Single 7.0-mm
cannulated
cancellous
screw

NR NR 7 (5–8) 1.5% superficial
wound
infection, 3%
intraarticular
wire
penetration

Bhattacharjee
et al. (2016) [3]

I: Prophylactic
pinning

I: 55% I: 44 I: 13 (9–17) I: Richards
cannulated hip
screw

NR NR I: 2 (1–9) I: none

II: No treatment II: 72% II: 36 II: 13 (9–17) II: observation II: 3 (1–9) II: 10 late slips
(27%)

Wensaas et al.
(2014) [45]

No treatment 45% 40 (40) 12–14 No treatment 55 (39–85) 51 (30–82) 36 (21–50) None

Hägglund et al.
(1988) [14]

No treatment 72% 260 NR No treatment 61% bilateral
slips in total

NR 33 (16–66) 40% had signs
of contralateral
slipping at
followup

Jerre et al.
(1994) [19]

No treatment 67% 61 14 (9–17) No treatment NR NR 32 (26–38) 41% had
evidence of
bilateral slip
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slip over time [14, 19, 45]. Theoretically, prophylactic
pinning might therefore reduce the number of later cam
deformities and reduce the incidence of later osteoarthritis.
Still, we need more refined diagnostic tools and/or more
effective therapies to avoid growth abnormalities on the
assumed normal-appearing hip. One-third of the patients in
the epidemiologic cohort study of Agricola et al. [1] de-
veloped signs of hip osteoarthritis associated with a con-
comitant cammorphology after followup at 5 and 19 years.
Hip arthroscopy for cam-type resection is increasingly
performed without a complete understanding of the causes
of the development of the cam deformity. An experimental
ovine FAI model to simulate cam resection has been pro-
posed recently and may help in understanding the de-
velopment of the cam deformity using advanced MR
techniques [34].

At an average 12-year followup after prophylactic pin-
ning, the HHS and the HOOS assessing hip pain and
function were good (Table 3) in all patients who did not
undergo further FAI surgery, although it is important to
remember that four patients did undergo this additional
surgery. To compare the activity level is difficult because
of the nature of the SCFE surgery here (modified Dunn
procedure) and the fact that both hips underwent surgical
procedures. We are aware of one intermediate-term study
with a 14-year followup after prophylactic pinning. Fraitzl
et al. [9] reported on 16 patients with prophylactic fixation
of the contralateral (termed unaffected) hip. By assessing
the Tegner and Lysholm activity scale [42], those authors
found that most of their patients were generally not in-
volved in athletic activities. Fraitzl et al. [9] reported that
one of 16 patients (6%) had an activity level 3 of 10, eight
of 16 (50%) had an activity level of 4 of 10, five of 16
patients (31%) had an activity level of 6 of 10, and two of
16 (13%) had an activity level of 9 of 10. In a 40-year
followup study of patients treated for unilateral SCFE
without prophylactic pinning of the contralateral hip, the
mean modified HHS was rated good with 89 points, but
13% of the patients had a poor outcome [45]. In addition to
the favorable clinical outcomes reported here, we also
found that the hip ROM was normal (Table 3), which is in
line with Fraitzl et al. [9]. Fraitzl et al. [9] found a positive
impingement test in five of 16 (31%) patients. In our series,
four of 36 patients (11%) underwent surgical treatment for
symptomatic FAI (Fig. 2) and an additional three hips (9%)
had a positive anterior impingement test [35] (Table 3). It is
probable that the prevalence of a symptomatic positive
anterior impingement test may have been underestimated
in the past as a result of the lack of awareness of a potential
underlying deformity or the absence of clinical tests and
long-term radiographic studies after prophylactic pinning.

At minimum 10-year followup after prophylactic pin-
ning of the contralateral radiographically normal hip in
patients with a SCFE treated by the modified DunnTa
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procedure, we detected no complications associated with
the surgery in patients without further FAI surgery. Pro-
phylactic pinning resulted in good clinical and functional
outcomes without radiographic signs of osteoarthritis in
this timeframe. However, 30% of the patients had radio-
graphic evidence of a cam deformity and 11% of the
patients underwent subsequent surgery for symptomatic
cam impingement within the first 10 years after the initial
pinning. Our findings in this small and retrospective study
showed that prophylactic pinning does not guarantee a
lifetime free of hip pain and hip impingement in all
patients. Parents of patients with unilateral SCFE and
physicians should be advised that there remains a risk for
developing symptomatic FAI on the contralateral side, and
patients should continue to be monitored in this regard.
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44. Tönnis D. General radiography of the hip joint. In: D Tönnis, ed.
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