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Abstract

Background In some hips with cam-type femoroacetab-

ular impingement (FAI), we observed a morphology

resembling a more subtle form of slipped capital femoral

epiphysis (SCFE). Theoretically, the morphology in these

hips should differ from hips with a primary cam-type

deformity.

Questions/purposes We asked if (1) head-neck offset; (2)

epiphyseal angle; and (3) tilt angle differ among hips with a

slip-like morphology, idiopathic cam, hips after in situ

pinning of SCFE, and normal hips; and (4) what is the

prevalence of a slip-like morphology among cam-type

hips?

Methods We retrospectively compared the three-dimen-

sional anatomy of hips with a slip-like morphology (29

hips), in situ pinning for SCFE (eight hips), idiopathic cam

deformity (171 hips), and 30 normal hips using radial MRI

arthrography. Normal hips were derived from 17 asymp-

tomatic volunteers. All other hips were recruited from a

series of 277 hips (243 patients) seen at a specialized

academic hip center between 2006 and 2010. Forty-one

hips with isolated pincer deformity were excluded. Thirty-

six of 236 hips had a known cause of cam impingement

(secondary cam), including eight hips after in situ pinning

of SCFE (postslip group). The 200 hips with a primary cam

were separated in hips with a slip-like morphology (com-

bination of positive fovea sign [if the neck axis did not

intersect with the fovea capitis] and a tilt angle [between

the neck axis and perpendicular to the basis of the epiph-

ysis] exceeding 4�) and hips with an idiopathic cam. We

evaluated offset ratio, epiphyseal angle (angle between the

neck axis and line connecting the center of the femoral

head and the point where the physis meets the articular

surface), and tilt angle circumferentially around the fem-

oral head-neck axis. Prevalence of slip-like morphology

was determined based on the total of 236 hips with cam

deformities.

Results Offset ratio was decreased anterosuperiorly in

idiopathic cam, slip-like, and postslip (eg, 1 o’clock posi-

tion with a mean offset ranging from 0.00 to 0.14;

p \ 0.001 for all groups) compared with normal hips

(0.25 ± 0.06 [95% confidence interval, 0.13–0.37]) and

increased posteroinferiorly in slip-like (eg, 8 o’clock

position, 0.5 ± 0.09 [0.32–0.68]; p \ 0.001) and postslip

groups (0.55 ± 0.12 [0.32–0.78]; p \ 0.001) and did not

differ in idiopathic cam (0.32 ± 0.09 [0.15–0.49]; p = 0.323)

compared with normal (0.31 ± 0.07 [0.18–0.44]) groups.

Epiphyseal angle was increased anterosuperiorly in the
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slip-like (eg, 1 o’clock position, 70� ± 9� [51�–88�];

p \ 0.001) and postslip groups (75� ± 13� [49�–100�];

p = 0.008) and decreased in idiopathic cam (50� ± 8�
[35�–65�]; p \ 0.001) compared with normal hips

(58� ± 8� [43�–74�]). Posteroinferiorly, epiphyseal angle

was decreased in slip-like (eg, 8 o’clock position,

54� ± 10� [34�–74�]; p \ 0.001) and postslip (44� ± 11�
[23�–65�]; p \ 0.001) groups and did not differ in idio-

pathic cam (76� ± 8� [61�–91�]; p = 0.099) compared

with normal (73� ± 7� [59�–88�]) groups. Tilt angle

increased in slip-like (eg, 2/8 o’clock position, 14� ± 8�
[�1� to 30�]; p \ 0.001) and postslip hips (29� ± 10�
[9�–48�]; p \ 0.001) and decreased in hips with idiopathic

cam (�7� ± 5� [�17� to 4�]; p \ 0.001) compared with

normal (�1� ± 5� [�10� to 8�]) hips. The prevalence of a

slip-like morphology was 12%.

Conclusions The slip-like morphology is the second most

frequent pathomorphology in hips with primary cam

deformity. MRI arthrography of the hip allows identifying a

slip-like morphology, which resembles hips after in situ

pinning of SCFE and distinctly differs from hips with idio-

pathic cam. These results support previous studies reporting

that SCFE might be a risk factor for cam-type FAI.

Level of Evidence Level III, prognostic study.

Introduction

Slipped capital femoral epiphysis (SCFE) is a condition in

childhood in which the femoral epiphysis is tilted pos-

teroinferiorly. As a result, there is a loss of normal

concavity of the anterior head-neck junction and the met-

aphyseal bone becomes exposed anterosuperiorly, creating

a roughened surface (Fig. 1). On the posterior side, the slip

leads to increased offset of the femoral head-neck junction.

The anterior asphericity often leads to a cam-type femo-

roacetabular impingement (FAI) and substantial damage of

the cartilage and labrum resulting in hip pain and, if left

untreated, progression of osteoarthritis [2, 5, 10, 18, 24].

Based on our experience with surgical hip dislocation in

open capital realignment for SCFE [25, 26], we have

observed a similar intraoperative appearance in some cases

of cam-type FAI potentially resembling a more subtle form

of SCFE (Fig. 1). Such a slip-like morphology has already

been described in previous studies based on an osteologic

collection [7] or conventional radiographs [13, 15].

Drawbacks of these studies included lack of clinical

information [7], a potential influence of secondary degen-

erative changes [14], and/or the use of two-dimensional

(2-D) plain radiography [13, 14] to evaluate a three-

dimensional (3-D) problem.

We therefore evaluated the 3-D anatomy of the proximal

femur based on MRI in hips with a slip-like morphology.

Theoretically, these hips would resemble the anatomy of

hips after in situ pinning for SCFE and differ from hips

with a primary cam-type deformity. We specifically asked

whether (1) the femoral head-neck offset; (2) epiphyseal

angle; and (3) tilt angle differ among hips with a slip-like

morphology, idiopathic cam deformity, normal hips, and

hips with previous in situ pinning for SCFE; and (4) what is

the prevalence of a slip-like morphology among symp-

tomatic hips with a cam-type deformity?

Materials and Methods

We retrospectively compared the 3-D femoral head-neck

anatomy using radial MRI arthrography among four

groups: an idiopathic cam, slip-like morphology, postslip,

and normal group (Table 1). The allocation to each group

was based on the anatomy in the MRI arthrography and

documented hip pathology or treatment. All hips except the

hips in the normal group were recruited from 277 hips (243

patients) with symptomatic FAI and an MRI arthrography

of the hip seen at the authors’ outpatient clinic between

January 2006 and March 2010 (Fig. 2). We excluded 41

hips (37 patients) with an isolated pincer-type FAI (a
angle \ 50� [17] on all radial MRI slices). Of the

remaining 236 hips (206 patients) with a cam-type defor-

mity, 36 hips (33 patients) had a known cause of cam

deformity (secondary cam) identified by chart review

(Fig. 2). These hips with a secondary cam included eight

hips (seven patients) after in situ pinning for SCFE at a

mean age of 12 ±1 years (range, 10–14 years; postslip

group; Fig. 2). The 200 hips (173 patients) with an

unknown cause for the cam deformity (primary cam) were

divided into two groups: the slip-like morphology group

included 29 hips (26 patients) with radiographic criteria of

an epiphyseal slip according to Goodman et al. [7] (com-

bination of a tilt angle exceeding 4� and a positive fovea

sign and; see subsequently for description). The idiopathic

cam group included the remaining 171 hips (147 patients)

Fig. 1A–D In hips with (A) an idiopathic cam deformity, loss of

normal concavity is the result of an extension of the epiphysis and bony

protrusion (dashed line). Some hips with a cam deformity present with

findings resembling those in hips with SCFE, which include a cleft

resulting from the slipped epiphysis and a roughened metaphyseal

surface (arrow). In the (B) AP pelvic radiograph, all hips present with a

loss of the superior concavity. In the (C) axial view, the hips differ in

terms of posterior tilt of the epiphysis: hips with an idiopathic cam

deformity showed no tilt; hips with a slip-like morphology showed

posterior tilting of the epiphysis; and hips with a postslip morphology

showed most pronounced tilting of the epiphysis in relation to the

femoral-neck axis (dashed line). In the (D) MRI arthrography, hips

with an idiopathic cam deformity showed an extended epiphysis

(dotted line) in the anterosuperior head-neck area. In contrast, hips with

a slip-like or postslip morphology showed no extension of the

epiphysis but a step resulting from slipping of the epiphysis (arrow).

c
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with a primary cam without radiographic evidence of an

epiphyseal slip (Fig. 2). The normal group consisted of a

previously published patient series [8] of 30 normal hips in

17 asymptomatic volunteers who underwent a radial MRI

of the hip. The four study groups differed in terms of age at

the acquisition of the MRI, weight, and body mass index

(BMI) (Table 1). The normal group showed a decreased

age (17 ± 2 [range, 15–20] years) compared with the other

study groups (mean age ranging from 24 to 25 years; p

ranging from \ 0.001 to 0.002). In the normal group, both

weight (66 ± 14 [48–95] kg) and BMI (22 ± 3.4 [18–28]

kg/m2) were decreased compared with the idiopathic cam

(p = 0.028 and p = 0.002, respectively) and slip-like

group (both p = 0.001; Table 1). The study was approved

by the local institutional review board.

All MRI arthrographies were performed according to a

standardized protocol [11] on a 1.5- or 3-Tesla highfield

scanner (Siemens Medical Solutions, Erlangen, Germany)

with a flexible surface coil. All hips, except the normal hips,

received intraarticular injection of gadolinium contrast agent

(Dotarem 1:200, Guerbert AG, Paris, France). A proton

density-weighted sequence was oriented radially around the

femoral-neck axis, allowing circumferential measurements.

The clockface system was applied for orientation around the

femoral-neck axis (Fig. 3). Six o’clock was defined in line

with the femoral shaft and 12 o’clock as the opposite posi-

tion. Anterior was defined as 3 o’clock in both right and left

hips. The subsequent slices were defined in clockwise and

counterclockwise directions around the femoral head-neck

axis for right and left hips, respectively (Fig. 3).

All MRI measurements were performed with commer-

cially available DICOM-viewer JiveX (Version 4.5; VISUS

Technology Transfer GmbH, Bochum, Germany). To

differentiate between a slip-like deformity and idiopathic

cam, two criteria according to Goodman et al. [7] were used;

the tilt angle was constructed by the femoral neck axis and

the perpendicular to the basis of the epiphysis (Fig. 4) on the

radial MRI slice at the 2 o’clock position (most sensitive

position to detect an epiphyseal slip in the posteroinferior

direction [21]). A positive tilt angle indicates a posterior slip

of the epiphysis. Goodman et al. [7] found a slip angle in

normal hips ranging from �5� to 3�, whereas in hips with a

SCFE, the tilt angle ranged from 5� to 78�. Based on these

two nonoverlapping ranges of the epiphyseal tilt angle, we

defined the threshold of[ 4� tilt angle for hips with a slip-

like deformity. The fovea sign was considered positive if the

femoral-neck axis did not intersect with the fovea capitis

femoris indicating a slip of the femoral epiphysis (Fig. 4)

[7]. The fovea sign was assessed on two axial slices of the

MRI arthrography: one at the level of the cranial femoral

neck just inferior to the head to define the femoral neck axis

(Fig. 4). The neck axis was then superimposed to a second

slice positioned more cranial at level of the largest extension

of the fovea capitis femoris to evaluate the fovea sign

(Fig. 4). Hips in the slip-like group had both a slip angle

exceeding 4� and a positive fovea sign.

Three-dimensional morphology of the femoral head was

assessed using the MRI arthrographies of the hip and three

radiographic parameters: the offset ratio, epiphyseal angle,

and tilt angle (Fig. 5). All three parameters were assessed

circumferentially around the femoral-neck axis for all four

study groups. The offset was evaluated using the offset

ratio, which is a parameter to quantify the waist of the

head-neck junction and can be used as an indicator of

femoral head translation in relation to the femoral neck [6].

Offset ratio was calculated as the difference of the femoral

Table 1. Demographic and radiographic data for the four study groups

Factor Groups p value

Idiopathic cam Slip-like Postslip Normal hips

Number of hips (patients) 171 (147) 29 (26) 8 (7) 30 (17) —

Side (% right of all hips) 61 52 48 50 0.520

Age at MRI (years) ± SD

(range)

25 ± 6 (13–37)� 24 ± 6 (16–34)� 25 ± 8 (17–43)� 17 ± 2 (15–20)*,� \ 0.001

Gender (% men of all hips) 59 72 25 53 0.096

Weight (kg) ± SD (range) 73 ± 13 (45–105)� 82 ± 15 (58–105)� 75 ± 25 (60–130) 66 ± 14 (48–95)* 0.011

Height (m) ± SD (range) 1.74 ± 0.09 (1.53–1.99) 1.77 ± 0.07 (1.65–1.90) 1.73 ± 0.12 (1.62–1.98) 1.74 ± 0.08 (1.56–1.87) 0.618

Body mass index (kg/m2)

± SD (range)

24 ± 3.7 (17–39)� 26 ± 4.5 (19–34)� 25 ± 4.3 (20–33) 22 ± 3.4 (18–28)* \ 0.001

Tilt angle at 2 o’clock

position (�) ± SD

(range) [21]

–7 ± 5 (–26 to 2)*,�,� 14 ± 8 (4–39)� 29 ± 10 (10–38)� �5 ± 5 (–13 to 4)*,� \ 0.001

Fovea sign (% positive

of all hips) [7]

3*,� 100� 100� 0*,� \ 0.001

* Significant difference versus slip-like group; �significant difference versus postslip group; �significant difference versus normal hips.
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head and neck radius divided by the head radius (Fig. 5)

[3]. The true femoral-neck axis was determined indepen-

dently from the center of the femoral head by the midpoint

of two neck diameters (Fig. 5). [13] The epiphyseal angle

can be used as a measure for head tilt or epiphyseal

overgrowth [20]. It was constructed by the true femoral-

neck axis and a line through the center of the femoral head

and the point where the physis meets the articular surface

(Fig. 5) [22]. The tilt angle was measured as the angle

between the true femoral-neck axis and perpendicular to

the basis of the epiphysis (Fig. 5) [21]. The tilt angle was

graded as mild with an angle \ 30�, moderate between 30�
and 50�, and severe if [ 50� [21]. The reproducibility and

reliability of the three applied MRI parameters were

determined on a set of 30 randomly chosen and blinded

MRI slices evaluated by two observers (CEA, PCH) on two

separate occasions. A good to very good reproducibility

and reliability (intraclass correlation coefficient exceeding

0.6) was found for all three study parameters (Table 2).

The prevalence of hips with a slip-like morphology was

determined in the series of 236 hips symptomatic hips (206

patients) with a cam deformity seen at our outpatient clinic

(Fig. 2). Hip pathology (eg, Legg-Calvé-Perthes disease)

and surgery (eg, in situ pinning for SCFE) were identified

by chart review and anatomy (slip-like morphology or

idiopathic cam) by MRI arthrography.

Normal distribution was assessed with the Kolmogorov-

Smirnov test. Differences among the groups were assessed

Idiopathic Cam 
(171 Hips; 147 

Patients)

 Slip-like 
Morphology 
(29 Hips; 26 

Patients)

Postslip 
Morphology 

(8 Hips; 7 Patients) 

Normal Hips** 
(30 Hips; 17 

Patients) 

FAI  
2006-2010 
(277 Hips)

Asphericity? Pincer 
(41 Hips)

Cam 
(236 Hips) 

Known  
Cause? 

Primary Cam 
(200 Hips) 

Slip-like?* 

Secondary Cam 
Type (36 Hips) 

Documented 
SCFE? 

No 

Yes 

Yes 

No 

seYoN

Yes 

No

- Post Traumatic 
- DDH 
- LCPD 
- Tumor 
- AVN 
- Post Infectious 
- Coxa Vara et  

Magna 
- Coxa Valga et 

Antetorta 
(28 Hips) 

Fig. 2 Algorithm showing the selection process of the four study

groups. *Defined by a positive fovea sign and a tilt angle exceeding

4� [5]. **Normal hips were recruited from a previously published

series [6] of asymptomatic volunteers who underwent a radial MRI of

the hip. SCFE = slipped capital femoral epiphysis; DDH = devel-

opmental dysplasia of the hip; LCPD = Legg-Calvé-Perthes disease;

AVN = avascular necrosis.
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using analysis of variance for normally distributed data and

the Kruskal-Wallis test for nonnormally distributed data. If

differences existed, pairwise comparison was performed

with independent t-tests for normally distributed data and

with the Mann-Whitney U test nonnormally distributed

data with Bonferroni adjustment. Binominal data were

assessed with the Fisher’s exact test.

Results

The offset ratio differed anterosuperiorly from 12 to 3

o’clock and posteroinferiorly from 6 to 9 o’clock among

the four groups (Supplemental Table 1 [Supplemental

materials are available with the online version of CORR1.]).

Anterosuperiorly, the offset ratio was decreased in hips

with an idiopathic cam deformity (eg, 1 o’clock position:

0.14 ± 0.11 [95% confidence interval {CI}, �0.07 to

0.35]; p \ 0.001) and lowest in hips with a slip-like mor-

phology (eg, 1 o’clock position: 0.00 ± 0.08 [�0.15 to

0.15]; p \ 0.001) and a postslip deformity (eg, 1 o’clock

position: 0.01 ± 0.05 [�0.09 to 0.10]; p \ 0.001)

compared with normal hips (eg, 1 o’clock position:

0.25 ± 0.06 [0.13–0.37]; Fig. 6A). Posteroinferiorly, the

offset ratio was increased in hips with a slip-like mor-

phology (eg, 8 o’clock position: 0.50 ± 0.09 [0.32–0.68];

p \ 0.001) and postslip morphology (eg, 8 o’clock posi-

tion: 0.55 ± 0.12 [0.32–0.78]; p \ 0.001) and did not

differ in hips with idiopathic cam (eg, 8 o’clock position:

0.32 ± 0.09 [0.15–0.49]; p = 0.323) compared with nor-

mal hips (eg, 8 o’clock position: 0.31 ± 0.07 [0.18–0.44];

Fig. 6A).

The epiphyseal angle differed anterosuperiorly from 12

to 3 o’clock and posteroinferiorly from 6 to 9 o’clock

among the four study groups (Supplemental Table 2

[Supplemental materials are available with the online

version of CORR1.]). Anterosuperiorly, the epiphyseal

angle was increased in hips with a slip-like morphology

Fig. 4A–B A postslip morphology was differentiated from an

idiopathic cam-type deformity using the two criteria according to

Goodman et al. [7]: (A) a tilt angle exceeding 4� and (B) a positive

fovea sign. Both criteria were determined on the radial MRI slice at

the 2 o’clock position. The tilt angle was constructed by the femoral-

neck axis and a perpendicular line to the line connecting the two ends

of the femoral head physis. A positive tilt angle indicates a posterior

slip of the epiphysis. The fovea sign was considered positive if the

femoral-neck axis did not intersect with the fovea capitis femoris

(arrow).

Fig. 3 An MRI arthrography of the hip with six radial slices rotating

around the femoral head-neck axis was used for 3-D anatomic

evaluation of the proximal femur. Offset and the epiphyseal angles

were measured at all 12 positions. The tilt angle was determined on

each of the six radial slices. Reprinted with kind permission from

Springer Science+Business Media: Steppacher SD, Tannast M,

Werlen S, Siebenrock KA. Femoral morphology differs between

deficient and excessive acetabular coverage. Clin Orthop Relat Res.

2008;466:782–790; Fig. 3B.
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(eg, 1 o’clock position: 70� ± 9� [95% CI, 51�–88�];

p \ 0.001) and postslip morphology (eg, 1 o’clock posi-

tion: 75� ± 13� [49�–100�]; p = 0.008) and decreased in

hips with idiopathic cam deformities (eg, 1 o’clock posi-

tion: 50� ± 8� [35�–65�]; p \ 0.001) compared with

normal hips (eg, 1 o’clock position: 58� ± 8� [43�–74�];

Fig. 6B). Posteroinferiorly, the epiphyseal angle was

decreased in hips with a slip-like morphology (eg, 8

o’clock position: 54� ± 10� [34�–74�]; p \ 0.001) and

postslip morphology (eg, 8 o’clock position: 44� ± 11�
[23�–65�]; p \ 0.001) and did not differ in hips with idi-

opathic cam (eg, 8 o’clock position: 76� ± 8� [61�–91�];

p = 0.099) compared with normal hips (eg, 8 o’clock

position: 73� ± 7� [59�–88�]; Fig. 6B).

The tilt angle differed from 12 to 3 o’clock among the

study groups (Supplemental Table 3 [Supplemental mate-

rials are available with the online version of CORR1.]).

The tilt angle was increased in hips with a slip-like mor-

phology (eg, 2/8 o’clock position: 14� ± 8� [95% CI, �1�
to 30�]; p \ 0.001) or postslip morphology (eg, 2/8 o’clock

position: 29� ± 10� [9�–48�]; p \ 0.001) and decreased in

hips with idiopathic cam (eg, 2/8 o’clock position:

�7� ± 5� [�17� to 4�]; p \ 0.001) compared with normal

hips (eg, 2/8 o’clock position: �1� ± 5� [�10� to 8�];

Fig. 6C). At the 2 o’clock position the slip-like morphol-

ogies were graded as mild slip (tilt angle \ 30�) in 27 of 29

hips (93%) and moderate slip (tilt angle from 30� to 50�) in

two of 29 hips (7%) [21]. No hip was graded as severe slip

(tilt angle [ 50�) [21].

The prevalence of hips with a slip-like morphology in

symptomatic hips with a cam-type deformity at a special-

ized academic hip center was 12% (29 of 236 hips; Fig. 7).

Discussion

In the past two decades, FAI has gained increasing interest

in both research and clinical practice as a cause of hip pain

and as a prearthrotic deformity. However, the etiology of a

cam-type deformity of the proximal femur is not yet fully

understood. Although secondary cam deformities such as

posttraumatic deformities [4], sequelae of Legg-Calvé-

Perthes disease [1, 23], or SCFE [2, 18, 24] have been

identified, the majority of cam deformities are referred to

as primary cam deformity. Based on our experience with

surgical hip dislocation in open capital realignment for

Table 2. Reproducibility and reliability of evaluated MRI parameters.

Parameter Intraobserver 1 ICC Intraobserver 2 ICC Interobserver ICC

Head-neck offset* [2] 0.92 (0.87–0.95) 0.90 (0.84–0.93) 0.84 (0.75–0.89)

Epiphyseal angle (�)* [20] 0.88 (0.81–0.92) 0.88 (0.82–0.92) 0.83 (0.74–0.89)

Tilt angle (�)* [19] 0.94 (0.89–0.97) 0.81 (0.64–0.90) 0.71 (0.49–0.84)

* Values are expressed as mean with 95% confidence interval in parentheses; ICC = intraclass correlation coefficient.

a
b

A B C

Fig. 5A–C The anatomy of the proximal femur was evaluated by

three outcome parameters: offset ratio, epiphyseal angle, and tilt

angle. (A) The offset ratio was calculated as the ratio of the difference

of the femoral neck and head radius (a) divided by the femoral head

radius (b). (B) The epiphyseal angle was formed by the femoral neck

axis and a line through the femoral-head center and the point where

the physis meets the head-neck surface. (C) The tilt angle was

constructed by the femoral-neck axis and a perpendicular line to the

line connecting the two ends of the femoral head physis.
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SCFE [25, 26], a similar slip-like appearance of the prox-

imal femur was intraoperatively observed in some cases

that were treated for primary cam-type FAI. This study

therefore aimed to evaluate the 3-D anatomy of this slip-

like morphology and its prevalence among hips with a

primary cam deformity. We specifically asked if (1) the
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femoral head-neck offset; (2) the epiphyseal angle; and (3)

the tilt angle differed among hips with slip-like morphol-

ogy, idiopathic cam deformity, postslip morphology after

in situ pinning for SCFE, and normal hips. We also wanted

to know (4) the prevalence of a slip-like morphology

among hips with a cam-type deformity.

Our study has several limitations. First, we cannot prove

that patients with a slip-like morphology with symptomatic

cam-type FAI in fact did undergo prior SCFE. The goal of

the current study was to describe the two most commonly

found morphological variations in hips with a primary cam

deformity. However, the fact that hips with a slip-like

morphology exhibit similar morphological patterns com-

pared with hips that underwent previous in situ pinning for

SCFE (postslip group) indicates that there might have been

previous SCFE. This is supported by the fact that normal

hips and hips with an idiopathic cam deformity showed a

distinctly different morphology (Fig. 8). Second, if hips

with a slip-like morphology in fact did undergo prior

epiphyseal slippage, we cannot assume that these hips had

a clinically silent slip. This is mainly referred to recall bias,

which is an unavoidable consequence of any retrospective

study where the event in question occurs years before the

evaluation of interest. Therefore, it cannot be postulated

that hips with a slip-like morphology represent a new entity

of cam-type FAI that differs distinctly from hips with

previous in situ pinning of a documented SCFE (postslip

group). Third, calculation of prevalence of the slip-like

morphology was based on a population presenting at a

specialized academic hip center and therefore is subject to

selection bias. These patients were referred from a primary

care physician or other orthopaedic centers and presented

often with complex hip disorders. Therefore, SCFE and

slip-like morphology may be overrepresented in our study

population and generalization of the prevalence to the

general population is not recommended.

Further limitations include the limited number of hips

after in situ pinning for SCFE (postslip group). The

Fig. 6A–C (A) Graph showing results of the offset ratio around the

femoral-neck axis. Anterosuperiorly, the offset ratio was decreased in

all study groups compared with the normal hip group; lowest values

were in hips with a slip-like and postslip morphology. Posteroinfe-

riorly, the offset ratio was increased in hips with a slip-like and

postslip morphology compared with normal hips or hips with an

idiopathic cam-type deformity (see also Supplemental Table 1). (B)

Graph showing results of the epiphyseal angle around the femoral

neck axis. Anterosuperiorly, the epiphyseal angle was increased in

hips with a slip-like and postslip morphology and decreased in hips

with idiopathic cam-type morphology compared with the normal

group. Posteroinferiorly, the epiphyseal angle was decreased in hips

with a slip-like and postslip morphology compared with normal hips

or hips with idiopathic cam-type deformity (see also Supplemental

Table 2). (C) Graph showing results of the epiphyseal tilt angle around

the femoral-neck axis. The epiphyseal tilt angle differed among the

four study groups anterosuperiorly from 12 to 3 o’clock. Although

hips with a slip-like and postslip morphology showed the most

pronounced epiphyseal tilt angle, tilt angle was lowest for hips with an

idiopathic cam-type deformity (see also Supplemental Table 3).

Fig. 7 Pie chart showing the prevalence of different cam-type

deformities in hips from our study cohort. Hips with a postslip

morphology showed the second highest prevalence of 12%. The highest

prevalence of 72% was found in hips with an idiopathic cam-type

deformity. LCPD = Legg-Calvé-Perthes disease; DDH = develop-

mental dysplasia of the hip; AVN = avascular necrosis.

b
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resulting lack of statistical power might explain the lack of

morphological differences in MRI outcome parameters

between the slip-like and postslip group. Next, the normal

group had a decreased age, decreased weight, and

decreased BMI compared with the other study groups

(Table 1). However, all normal hips had a closed physis.

The youngest patient in the normal group was 15 years old,

which is older than the reported average age at onset of

SCFE, which is 12.7 years in males and 11.2 years in

females [9, 12]. Therefore, it is unlikely that we would

have missed patients in the normal group, who had an

epiphyseal slip at a later age. Finally, the definition to

differentiate between the slip-like and idiopathic cam

groups was based on two criteria (fovea sign and tilt angle)

according to Goodman et al. [7]. He measured tilt of the

head in relation to the neck with a goniometer in cadaver

specimen and has not explicitly defined a threshold to

differentiate normal tilt from that after slippage. We

extrapolated this threshold as [ 4� tilt angle based on two

not overlapping ranges of tilt angle for normal tilt and slip.

Despite this relatively insensitive method to determine tilt,

we found distinctive differences in the 3-D anatomy

between the slip-like and idiopathic cam groups.

Femoral head-neck offset has been proposed as a mea-

sure of femoral-head translation in relation to the femoral

neck, thus indicating ‘‘slipping’’ of the epiphysis (Fig. 8)

[6]. Our data indicate that the hips with a slip-like mor-

phology might indeed have undergone posteroinferior head

translation as described in the literature [16]. Despite the 9

o’clock position with an increased offset in the postslip

Fig. 8 Morphologic features of the proximal femur for the four study groups are shown.
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group, there were no differences in offset between hips

with a slip-like morphology and hips with previous in situ

pinning for a documented SCFE (postslip group) indicating

a posteroinferior head translation in both groups (Fig. 6A).

Idiopathic cam deformities also had a decreased anterior

offset to a lesser extent than hips in the postslip or slip-like

group; however, posterior offset was normal in hips with an

idiopathic cam (Fig 6A). As suggested in the literature

[20], our findings indicate that hips with an idiopathic cam

deformity (idiopathic group) are more likely related to an

isolated pathology of the anterior-femoral head-neck area

rather than to epiphyseal translation.

Epiphyseal angles [22] were chosen as a study param-

eter to distinguish between epiphyseal slippage and

abnormal physeal growth (Fig. 8). Epiphyseal angles of

hips with a slip-like morphology were increased anter-

osuperiorly and decreased posteroinferiorly compared with

normal hips and hips with idiopathic cam deformity

(Fig. 6B). Compared with hips with previous in situ pin-

ning for SCFE, the epiphyseal angles in hips with a slip-

like morphology showed only minor differences (at the 9

and 12 o’clock positions), data that suggest posteroinferior

tilting of the femoral epiphysis in relation to the metaphysis

in hips with a slip-like morphology (Fig. 6B). We found a

completely different pattern of the epiphyseal angles

compared with idiopathic cam deformity. Idiopathic cam

deformity typically presents with a normal epiphyseal

angle in all quadrants except the anterosuperior quadrant,

where a largely decreased epiphyseal angle was found

(Fig. 6B). The finding was consistent with previous reports

describing a pathologic extension of the anterior epiphysis

in primary cam-type FAI [20]. The extension was attrib-

uted to a growth abnormality that can potentially be

associated with vigorous sports activities [19].

The tilt angle showed a distinct pattern that potentially

allows one to distinguish between hips with a slip-like

morphology and hips with an idiopathic cam deformity

with extension of the epiphysis (Fig. 8). Although the tilt

angle is positive with posteroinferior epiphyseal slippage, it

is negative in hips with an idiopathic cam deformity

(Figs. 6C, 8). This effect is most pronounced in the

anterosuperior quadrant of the femoral neck. It is very

unlikely that the negative tilt angle in idiopathic cam hips

is a result of an anterior epiphyseal slippage because the

posterior epiphyseal angle is normal in these hips (Fig. 6B–

C). The negative tilt angle in idiopathic cam hips most

likely results from an abnormal overgrowth of the anterior

epiphysis [20]. A mild slip (slip angle \ 30� [21]) was

found in 93% of all hips with a slip-like deformity. This is

comparable to the results of Goodman et al. [7] with 91%

of all postslip deformities classified as mild slips.

Our data suggest that 15% of all cam deformities had

features of previous SCFE; 12% of all hips with a cam

deformity exhibited a slip-like morphology and 3% had a cam

deformity secondary to previous in situ pinning after SCFE

(Fig. 7). Slip-like morphology was the second most often

found pathomorphology in hips with cam-type morphology.

There are several studies available describing the prevalence

of a slip-like morphology for different study populations. A

prevalence of 13% was found for healthy young adults [9]:

35% to 68% in hips with osteoarthritis requiring THA [6, 14]

and 8% in anatomic specimens [7]. The only study investi-

gating prevalence in hips with cam-type FAI without

advanced osteoarthritis reported a prevalence of 44%, which

is higher than in our cohort [15]. The reason for this differ-

ence might be related to the use of a single parameter based

only on 2-D radiographs in other studies.

Based on the 3-D analysis of femoral offset, epiphyseal

angle, and tilt angle, we described a slip-like morphology

among hips with primary cam deformities. We proposed

MRI thresholds for the posterior offset ratio, the epiphyseal

angle, and the tilt angle that allow for identifying this slip-

like morphology within hips with a primary cam deformity

(Supplemental Table 4 [Supplemental materials are avail-

able with the online version of CORR1.]). As a topic of

future research, these thresholds should be tested for valid-

ity. The slip-like morphology occurred in 12% of all cam

deformities and differed from hips with an idiopathic cam

deformity and normal hips. However, it resembled hips with

a cam deformity secondary to previous in situ pinning of a

documented SCFE. This morphological similarity indicates

that there might have been prior SCFE and supports previ-

ous reports that have proposed SCFE as a risk factor for the

development of cam-type FAI (Fig. 8) [2, 18, 24].
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