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Abstract Femoroacetabular impingement due to meta-

physeal prominence is associated with the slippage in

patients with slipped capital femoral epiphysis (SCFE), but

it is unclear whether the changes in femoral metaphysis

morphology are associated with range of motion (ROM)

changes or type of impingement. We asked whether the

femoral head-neck junction morphology influences ROM

analysis and type of impingement in addition to the slip

angle and the acetabular version. We analyzed in 31

patients with SCFE the relationship between the proximal

femoral morphology and limitation in ROM due to

impingement based on simulated ROM of preoperative CT

data. The ROM was analyzed in relation to degree of

slippage, femoral metaphysis morphology, acetabular ver-

sion, and pathomechanical terms of ‘‘impaction’’ and

‘‘inclusion.’’ The ROM in the affected hips was compara-

ble to that in the unaffected hips for mild slippage and

decreased for slippage of more than 30�. The limitation

correlated with changes in the metaphysic morphology and

changed acetabular version. Decreased head-neck offset in

hips with slip angles between 30� and 50� had restricted

ROM to nearly the same degree as in severe SCFE.

Therefore, in addition to the slip angle, the femoral

metaphysis morphology should be used as criteria for

reconstructive surgery.

Introduction

Slipped capital femoral epiphysis (SCFE) is characterized

by displacement of the femoral metaphysis anteriorly and

cranially with relative posterior and inferior positioning of

the femoral head [1, 15]. Due to the proximal femoral

deformity, femoroacetabular impingement between the

anterocranial femoral metaphysis and the adjacent acetab-

ulum may result [11], which may lead to osteoarthrosis of

the hip [2, 3, 12, 16, 17, 21].

Rab [16] described two different types of femoroace-

tabular impingement based on a theoretical analysis of the

proximal femoral geometry. ‘‘Impaction’’ type of

impingement occurs when the proximal femoral metaphy-

sis comes in contact with the acetabular rim, which limits

the range of motion (ROM) of the hip, resulting in damage

to the anterior part of the acetabular labrum. Levering of

the femoral head out of the acetabulum would occur during
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flexion and result in articular cartilage damage on the

contralateral acetabulum. ‘‘Inclusion’’ type occurs when

the proximal femoral metaphysis enters the acetabulum.

The increase in radii of curvature from the metaphyseal

bone can cause increased loading within the acetabulum,

which can lead to articular cartilage damage.

The cartilage damage due to the proximal hip deformity

postulated by Rab [16] based on his theoretical analysis has

been validated to some extent by some clinical observa-

tions [5, 12]. Damage to the anterocranial acetabular

cartilage and labrum was found on hip arthroscopy in four

patients with acute to chronic hip pain with SCFE before in

situ pinning [5]. Similarly, in 13 patients with SCFE,

Leunig et al. [12] observed the association of a prominent

or malaligned femoral metaphysis with acetabular cartilage

and labral damage in cases with mild, moderate, and severe

slippage. The femoral cartilage was intact in all of these

patients. Similar to Rab [16], based on these findings,

Leunig et al. [12] proposed a hypothesis for the etiology

and pathogenesis of these findings in SCFE: in mild and

moderate degrees of SCFE, the proximal femoral

metaphysis is ‘‘included’’ into the acetabulum, resulting in

a ‘‘jamming’’ effect, which can damage the acetabular

cartilage. This is the cam type impingement [8]. In severe

cases, an ‘‘impaction’’ occurs with development of patho-

logic loading at the acetabular labrum, resulting in a pincer

type impingement. They concluded based on his findings

this could be a trigger for development of osteoarthritis in

patients with SCFE [12].

Despite these intraoperative observations, the long-term

clinical outcome after mild to moderate SCFE treated with

in situ pinning is generally good in terms of radiographic

signs for osteoarthritic changes and good clinical outcome

based on Iowa hip score [3]. However, we believe there is

an inconsistency between outcome studies showing good

long-term radiographic results and our understanding of the

cartilage degeneration occurring mechanically in the hip

with SCFE as described by intraoperative findings in

patients with SCFE [5, 12]. In addition the role of ace-

tabular version, which will additionally influence ROM and

will affect the pattern of articular damage, was not

accounted for in the theoretical analysis by Rab [16] and

the clinical observations in patients with SCFE studies

[5, 12]. Computer simulation of hip motion based on

computed tomography (CT) bony models can confirm

Rab’s theoretical analysis of the effect of femoral head

slippage and acetabular version on the hip ROM. Further-

more, it is possible to analyze how pathologic alterations in

the transition of the convexity of the epiphysis into a

concavity of the proximal metaphysis (using the criteria

described by Jones et al. [9]) influence ROM Femoroace-

tabular impingement is a dynamic phenomenon. It is

possible the good long-term clinical results in mild SCFE

may be due to metaphyseal remodeling and patient adap-

tation to limitation in hip ROM. Furthermore, with an

improved understanding of the cause of abnormal

mechanics in SCFE, our surgical reconstruction techniques

may be refined. For example, if the relative importance of

the metaphyseal prominence versus the altered head-neck

alignment is better understood, the relative importance of

performing an osteoplasty versus osteotomy may be better

defined.

We hypothesize proximal femoral head-neck junction

morphology classified based transition of the convexity of

the epiphysis into a concavity of the proximal metaphysis

is just as important in determining the hip ROM in patients

with SCFE as the slip angle. We also hypothesize that

acetabular version influencing assessment of ROM in

patients with SCFE. Furthermore, we hypothesize the type

of mechanism for impingement as described by Rab [16] is

influenced in SCFE by the amount of slippage and the type

of femoral head-neck junction morphology as classified by

Jones et al. [9] and not by acetabular version.

Materials and Methods

We retrospectively analyzed 31 selected patients with

SCFE who had radiographs and a CT scan before treat-

ment. There were no unstable SCFEs in this group. We

analyzed data from 14 female and nine male patients with

an average age of 13.7 years (10.4–16.8 years). There were

15 unilateral and eight bilateral cases. The right hip was

affected in 11 cases, the left in 20 cases. The CT acquisi-

tion was performed at the time of diagnosis before

obtaining surgical treatment. As typical of chronic stable

SCFE, the onset of symptoms to diagnosis varied. Addi-

tionally, the time to CT scanning varied and was not

controlled for in this retrospective study. Fifteen contra-

lateral hips were used as a normal comparison group.

Institutional review board approval was obtained for this

study.

Radiographic analysis included assessment of slip angle

and classification of the transition of the convexity of the

epiphysis into a concavity of the proximal metaphysis to

assess femoral metaphysis morphology. The degree of

slippage was assessed based on the method described by

Southwick [19]. For the determination of inferior angle of

slippage (a), a standard anteroposterior radiograph was

used. For the posterior slippage (b), a frog leg radiograph

was used. The degree of slippage was calculated as the

difference between the epiphyseal plate angles of the

affected and the unaffected sides. In bilateral cases, instead

of the unaffected side epiphyseal angle, the means of the

epiphyseal plate angles of the unaffected hips (n = 15)

were used (a = 142.5�, b = 14.3�). The mean inferior
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slippage angle in the affected hips was 39.4� ± 21.6�
(mean ± standard deviation), and the mean posterior

slippage angle was 19.4� ± 10.9�. The amount of slippage

was classified as mild (n = 12) for less than 30�, moderate

(n = 7) for 30� to 50�, and severe (n = 12) for more than

50� (Table 1).

The proximal femoral morphology on the frog lateral

views was classified using the criteria defined by Jones

et al. [9] (Fig. 1). Type 1 is defined by a normal geometry

of the ventral femoral head-neck junction. The convexity

of the epiphysis transitions into a concavity of the proximal

metaphysis such that an anterocranial prominence as

described by Murray [14] cannot be observed [13]. For

cases of Type 2, the ventral margin of the epiphysis is

aligned with the ventral margin of the metaphysis and

therefore in the same level. In cases of a convex profile,

where the ventral margin of the femoral head is located

distal to the femoral metaphysis, a Type 3 is defined.

Additionally, a bony prominence of the femoral metaphysis

can be observed. Jones et al. [9] considered Type 1 and 2 to

be a remodeled metaphysis in cases of SCFE, while Type 3

was the result of incomplete remodeling.

CT scans of the hips were initially obtained to look at

the association of the femoral retroversion with SCFE [6].

This data set was reanalyzed retrospectively for this study.

The patients were examined supine with 2- to 5-mm con-

tiguous, axial slices with in-plane resolution of 0.5 9

0.5 mm through the hip and the femoral condyles. The CT

data were postprocessed in terms of segmentation with a

commonly used intensity thresholding technique to delin-

eate the structures of interest semiautomatically to ensure

separation of pelvis and femur and to determine the border

between the femoral head and neck. Three-dimensional

models of the segmented files of the femoral condyles,

proximal femur, femoral epiphysis, femoral head, and

acetabulum were reconstructed using marching cubes [16],

an algorithm implemented in the Visualization Toolkit

(VTK) (Kitware Inc, Clifton Park, NY) and a triangle

reduction algorithm [17], which also uses the VTK

libraries.

To determine the acetabular version from the CT scans,

a software program described by Kordelle et al. [11] was

used, which enables assessment without projectional and

pelvis-tilting errors. Therefore, an acetabular plane was

positioned parallel to the three bony eminences at the

ventral, dorsal, and superior parts of the acetabular margin

and the version was calculated (Fig. 2).

The ROM data were obtained from CT scans using

custom-designed software that determines the hip ROM by

detecting bone to bone contact [17]. This simulation does

not take into account the soft tissue constraints, therefore

providing a theoretical maximum ROM and not actual

ROM; hence, we did not correlate the results to clinically

measured ROM. The program allows separation and

manipulation of the single three-dimensional structures

independently. The ROM was assessed by placing the

Table 1. Amount of slippage according to Southwick [20] (mild,

moderate, severe) with consideration of femoral metaphysis mor-

phology according to Jones et al. [9] (Type 1 - 3)

Severity of

slippage/ femoral

morphology type

Number of

hips

Inferior

slippage

Posterior

slippage

Mild 1 9 14.5� ± 9.2� 10.5� ± 2.1�
Mild 2 3 25.0� ± 1.3� 11.3� ± 4.0�
Mild 3 0

Moderate 1 + 2 4 37.9� ± 5.2� 14.9� ± 5.0�
Moderate 3 3 47.7� ± 2.8� 28.1� ± 3.6�
Severe 1 0

Severe 2 8 63.5� ± 9.4� 30.1� ± 9.8�
Severe 3 4 55.5� ± 5.7� 21.0� ± 8.5�

Values are expressed as mean ± standard deviation.

Fig. 1 Diagrams illustrate Type 1 to 3 proximal femoral remodeling

classified according to the criteria of Jones et al. [9]. Type 3: The

proximal femoral epiphysis is positioned dorsal in relation to the

metaphysis. A ventral located bony prominence in the region of the

proximal femoral metaphysis can be observed. Type 2: The femoral

epiphysis and metaphysis are on the same level in ventral direction.

Type 1: The normal anatomic morphology of the ventral transition

between the femoral epiphysis and metaphysis is shown.

Fig. 2A–B Diagrams illustrate the assessment of the acetabular

version based on a three- dimensional model of the acetabulum: (A)

dorsolateral view of the acetabulum and (B) position of the acetabular

version (a).
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center of the coordinate system in the center of the femoral

head. The three-dimensional model of the proximal femur

was then rotated through the center of the femoral head

around the axis perpendicular to the sagittal, coronal, and

axial planes to obtain flexion, abduction, and internal

rotation measurements (Fig. 3).

In 12 cases the affected limbs were in external rotation

at rest on the CT scan. During ROM analysis, all femora

were rotated to make the tangent line to the dorsal contours

of the distal femoral condyle parallel to the floor (neutral

zero method) [4, 7]. This was necessary to define a com-

mon neutral starting point for the ROM analysis. Both the

affected (n = 31) and unaffected (n = 15) hips were ana-

lyzed independently.

The types of impingement limiting the ROM on simu-

lation were classified using the criteria defined by Rab [16].

‘‘Inclusion’’ occurred when there was penetration of the

femoral metaphysis into the acetabular opening, before

limitation of the ROM by contact at the acetabular rim. At

this point, nonphysiologic bone/cartilage contact occurs

between the acetabular cartilage and the included meta-

physeal bone. An ‘‘impaction’’ type impingement occurred

when there was direct contact between the femoral

metaphysis and the acetabular rim, which blocks further

movement.

The accuracy of ROM measurements was validated

using a wood model phantom. The model consists of four

opposing blocks of wood of different size to distinguish

each one on the CT scan, obtained with 1-mm slice

thickness and same in-plane resolution as the patient scans.

In the center of the model, a cylinder contains 1
.
3 of an

overlaying bowl to simulate the ball and socket joint. A

stick positioned perpendicular to the base of the cylinder is

affixed on the bowl for simulation of the movement. Two

opposing blocks of wood act as reference for measurement

of the flexion/extension or abduction/adduction. The hori-

zontal movement of the stick between two blocks is defined

as rotation (Fig. 4).

Using the wood model phantom, abduction, adduction,

flexion, extension, internal rotation, and external rotation

were simulated and the angles measured manually and on

CT three times. The manual and CT measurements were

compared using Student’s t test. The two measures were

similar, except for flexion which differed (p = 0.008) by

3.3� between the manual and CT measurements.

All simulated measurements of ROM and acetabular

version were performed by three independent observers

(JK, CPK, TCM) and the mean value of these observations

was calculated. Kolmogorov-Smirnov test showed normal

distribution for all measurements for ROM. Differences in

ROM between the amount of slippage and classification of

the femoral head-neck offset were determined by Student’s

t test, influence of the Jones classification on the femoral

head-neck offset to the ROM analysis by Spearman rank

correlation. To correlate the influence of acetabular version

on ROM, we used Pearson correlation coefficient. The

assessment of femur metaphysis morphology and

impingement was performed by consensus pattern. For the

analysis, we used SPSS1 12.0 (SPSS Inc, Chicago, IL).

Fig. 3A–E Using a three-dimensional model of the proximal femur,

ROM is assessed in relation to neutral position: (A) neutral position in

lateral view, (B) neutral position in frontal view, (C) rotation, (D)

flexion, and (E) abduction.

Fig. 4A–C Diagrams illustrate the model for validation of the ROM

measurement program: (A) simulation of flexion, (B) simulation of

abduction, and (C) simulation of rotation. EXT = extension;

FLEX = flexion; ADD = adduction; ABD = abduction; IRO =

internal rotation; ARO = external rotation.
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Results

Femoral metaphysis morphology and amount of slippage

influenced amount of ROM (Table 2). For mild slippage,

the ROM is comparable to the unaffected side: 88.8� ±

20.5� versus 99.1� ± 23.1� for the flexion (p = 0.77),

64.0� ± 10.0� versus 69.7� ± 15.3� for abduction (p =

0.94), and 90.9� ± 23.1� versus 96.3� ± 26.2� for internal

rotation (p = 0.58). But, even with a mild slip angle, if

there was a decreased head-neck offset (Jones Type 2),

there was a trend toward decreased ROM, most of all for

flexion: 61.8� ± 19.5� for flexion (p = 0.23), 57.4� ± 7.3�
for abduction (p = 0.48), and 74.9� ± 15.6� for internal

rotation (p = 0.24). For moderate slippage, there was a

decrease in flexion (p = 0.002), abduction (p = 0.0032),

and internal rotation (p = 0.004) compared to the unaf-

fected side, which was made worse with progressive loss of

the femoral head-neck offset. For severe slippage, regard-

less of the proximal femoral anatomy, there was near-

complete loss of normal motion. Femoral metaphysis

morphology correlated with ROM (–0.837 for flexion,

-0.852 for abduction, and -0.825 for internal rotation)

(Fig. 5).

We observed no differences in acetabular version

between the affected and unaffected side and no differ-

ences in relation to amount of slippage (Table 2).

Acetabular version weakly correlated with ROM, with

decreased acetabular version associated with loss of ROM:

-0.334 for flexion, -0.314 for abduction, and -0.317 for

internal rotation.

Impingement mechanism correlated with femoral

metaphysis morphology and amount of slippage (Table 3).

When the mechanisms of impingement were analyzed at

the time of ROM analysis, for mild slippage, there

was only inclusion type impingement (n = 12). For

severe slippage, five of eight Jones Type 2 had impaction

Table 2. Range of motion in relation to acetabular version, amount of slippage according to Southwick [20] (mild, moderate, severe), and

femoral metaphysis morphology according to Jones et al. [9] (Type 1–3)

Severity of

slippage/ femoral

morphology type

Acetabular version Flexion Abduction Internal rotation

Mild 1 13.9� ± 5.9� 97.8� ± 25.4� 65.9� ± 8.7� 96.2� ± 20.6�
Mild 2 11.2� ± 4.9� 61.8� ± 33.8� 57.4� ± 12.8� 74.9� ± 27.1�
Mild 3

Total mild 13.1� ± 5.9� 88.8 � ± 20.5� 64.0 � ± 10.0� 90.9 � ± 23.1�
Moderate 1 + 2 13.8� ± 0.9� 25.7� ± 17.8� 24.2� ± 20.1� 36.0� ± 21.8�
Moderate 3 11.1� ± 0.8� 2.0� ± 24.5� 9.8� ± 5.1� 3.0� ± 33.3�
Total moderate 12.4� ± 1.5� 14.2� ± 24.1� 18.0� ± 16.4� 21.8� ± 30.3�
Severe 1

Severe 2 11.1� ± 5.3� 3.9� ± 15.2� 4.9� ± 24.6� 7.4� ± 26.3�
Severe 3 12.8� ± 4.3� 5.4� ± 7.4� 6.3� ± 10.3� 10.1� ± 17.7�
Total severe 11.6� ± 4.8� 4.4� ± 12.4� 5.5� ± 19.9� 8.4� ± 22.6�
Unaffected side 11.4� ± 4.7� 99.1� ± 12.1� 69.7� ± 15.3� 96.3� ± 26.2�

Values are expressed as mean ± standard deviation.

Fig. 5 The influence of femoral metaphysis morphology (Jones type)

in addition to the amount of slippage for restriction in ROM is shown

in the histogram. For mild slippage, a decrease for flexion is shown

between Types 1 and 2 but no changes for internal rotation and

abduction. For moderate slippage, ROM decreased as femoral

metaphysis deformity increased (emphasized by the red line). For

severe slippage, there was near-complete loss of normal ROM

regardless of the proximal femoral anatomy. The correlation coeffi-

cients (Spearman) are -0.837 for flexion, -0.852 for abduction, and

-0.825 for internal rotation.
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type impingement, while the more severe Jones Type 3

had all impaction type impingement (n = 4). For mod-

erate slippage, the type of impingement trended toward

the impaction type in hips with decreased head-

neck junction. There were no differences in acetabular

version for inclusion (12.2� ± 2.9�) or impaction type

(12.3� ± 3.2�).

Discussion

Femoroacetabular impingement due to metaphyseal

prominence is associated with slippage in patients with

slipped capital femoral epiphysis (SCFE), but it is unclear

whether the changes in femoral metaphysis morphology

are associated with ROM changes or type of impingement.

We questioned whether the femoral head-neck junction

morphology influences ROM analysis and type of

impingement in addition to the slip angle and the acetab-

ular version.

Our study has several limitations. First is the rela-

tively small number of patients in the study. In moderate

SCFE, we observed a nonsignificant trend toward

decreased ROM in Jones Type 2 and 3 versus Type 1,

which may be due to the small sample size. Despite the

small number of patients, we were able to find correla-

tions showing influence of different Jones type to ROM.

However, slip severity and femoral neck morphologic

types are covariates for which we could not control with

the limited numbers. Second, additional proximal femoral

anatomy variables such as femoral retroversion and

femoral neck-shaft angle that would influence the hip

ROM, which were addressed in other studies [9, 10, 17–

20], were not addressed in ours. Our conclusions are

based on the assumption that femoral morphology is not

strongly associated with either femoral retroversion or

neck-shaft angle. This would have to be addressed in

future studies. Third, we did not account for either soft

tissue or cartilage due to current technical limitations. In

the model of femoroacetabular impingement, these do

not need to be taken into account since the acetabular

labrum would only lead to a slight difference in ROM.

By assessing the bony anatomy, we were considering

only one of the factors leading to joint degeneration in

SCFE. Soft tissue restraints and activity level, as well as

bony anatomy, will lead to joint degeneration. Fourth,

clinical followup in patients with mild to moderate

slippage suggests good functional outcomes in contrast to

the results found in our assessment of pretreatment hips.

Therefore, followup data are needed for further investi-

gation of the role of remodeling and impingement.

However, the femoral metaphysis morphology was clas-

sified based on the criteria of Jones et al. [9], which is

used to describe removal of the SCFE deformity in terms

of remodeling. Therefore, if femoral head-neck junction

remodeling should occur, our results are still applicable

in terms of understanding the improvement in ROM.

Finally, using CT data for analysis, it is not feasible to

analyze the articular cartilage as they might correlate

with our findings. However, based on the findings of

Leunig et al. [12] and Futami et al. [5], the patho-

mechanism of femoroacetabular impingement leads to

corresponding lesions of the acetabular cartilage and the

labrum.

The assessment of ROM based on CT simulation in

correlation to slippage and femoral metaphysis morphol-

ogy showed in mild SCFE no bony restrictions within

clinically normal ROM, which is consistent with good

long-term results after in situ pinning [2, 3, 22]. As

expected, in cases of severe SCFE, there was a decrease in

hip ROM up to a complete loss. The loss of internal rota-

tion implies all severe SCFE will walk with the limb

externally rotated. Additionally, in order for the hip to flex,

the hips must externally rotate in severe SCFE. However,

even for moderate SCFE, a marked reduction in ROM

could be observed, which is not compatible with normal

activities of daily living. Given the importance of femo-

roacetabular impingement as a cause of hip pain and

articular cartilage damage and the importance of the met-

aphyseal prominence in determining ROM, it appears that

the proximal femoral morphology should be addressed at

time of surgical reconstruction. This would be one possible

explanation for the higher incidence of osteoarthritic

changes compared to the normal population in long-term

followup studies of pinning in situ for mild and moderate

slippage. But, because of the additional restriction of ROM

due to soft tissue conditions, the actual rate of impingement

occurring in the patient population in daily living activity

Table 3. Comparison of impaction and inclusion for severity of

slippage according to Southwick [20] (mild, moderate, severe) with

consideration of femoral metaphysis morphology according to Jones

et al. [9] (Type 1–3)

Severity of

slippage/ femoral

morphology type

Number of hips Inclusion Impaction

Mild 1 9 9 0

Mild 2 3 3 0

Mild 3 0

Moderate 1 2 2 0

Moderate 2 2 1 1

Moderate 3 3 0 3

Severe 1 0

Severe 2 8 3 5

Severe 3 4 0 4
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differs from findings in our population and therefore a

prediction cannot be made based on these data. With Jones

Type 3, there is impingement even in near extension and

neutral rotation, implying, in moderate SCFE, if the

proximal femur can remodel, the external rotation gait may

improve. Even in extension in moderate and severe SCFE,

the distal femur would rest in external rotation. When the

distal femur is brought back to neutral, the marked

decrease in hip flexion and internal rotation can be dem-

onstrated. This would explain the apparent discrepancy

between clinical hip ROM measurements in the supine

position and CT simulated ROM. Therefore, with the leg

starting in external rotation, the clinical ROM in these

patients will be better compared to our simulated

measurements.

Based on a theoretical geometric analysis, Rab [16]

showed there is an obligatory external rotation for mod-

erate to severe SCFE during hip flexion. We have verified

this finding using actual patient CT data and simulated

ROM. We have also found ‘‘impaction’’ and/or ‘‘inclu-

sion’’ of the proximal femoral metaphysis as the cause of

hip ROM limitation. However, because of the cross-sec-

tional nature of our data, we are not able to look at the

effects of femoral neck remodeling from ‘‘impaction’’ to

‘‘inclusion’’ types.

For acetabular version, we found no differences between

the affected and unaffected sides and no differences for

degree of slippage, which confirms results described by

Kordelle et al. [11] on development of the acetabulum in

patients with SCFE. Also, no differences for the impinge-

ment type could be assessed, emphasizing the importance

of femoral metaphysis changes in SCFE. However, we

found a weak correlation between decreased acetabular

version and loss of ROM, indicating the importance of

acetabular version in addition to femoral metaphysis mor-

phology in ROM of the hip.

Based on our data, hips with moderate SCFE and with

decreased head-neck offset had restricted ROM to nearly

the same degree as hips with severe SCFE. Therefore, in

addition to the slip angle, the femoral head-neck junction

morphology should be used as a criterion for reconstructive

surgery. Hence, these data illustrate the importance of

addressing the abnormal head-neck junction morphology

during surgery. For example, in mild SCFE, if a large

metaphyseal prominence is present, a simpler procedure of

femoral head-neck junction osteoplasty may be sufficient.

Conversely, in moderate to severe SCFE, intertrochanteric

osteotomy alone can improve ROM but is unlikely suffi-

cient to relieve the impingement.
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4. Debrunner HU. Orthopädisches Diagnostikum. Stuttgart,

Germany: Georg Thieme Verlag; 1973.

5. Futami T, Kasahara Y, Suzuki S, Seto Y, Ushikubo S. Arthros-

copy for slipped capital femoral epiphysis. J Pediatr Orthop.
1992;12:592–597.

6. Gelberman RH, Cohen MS, Shaw BA, Kasser JR, Griffin PP,

Wilkinson RH. The association of femoral retroversion with

slipped capital femoral epiphysis. J Bone Joint Surg Am.
1986;68:1000–1007.

7. Hansen EH. Measurement and description of joint mobility by the

neutral zero method [in Danish]. Ugeskr Laeger. 1975;137:2822–

2825.

8. Ito K, Minka MA 2nd, Leunig M, Werlen S, Ganz R. Femoro-

acetabular impingement and the cam-effect: a MRI-based

quantitative anatomical study of the femoral head-neck offset.

J Bone Joint Surg Br. 2001;83:171–176.

9. Jones JR, Paterson DC, Hillier TM, Foster BK. Remodelling after

pinning for slipped capital femoral epiphysis. J Bone Joint Surg
Br. 1990;72:568–573.

10. Key J. Epiphyseal coxa vara or displacement of the epiphysis of

the femur in adolescence. J Bone Joint Surg. 1926;8:53–57.

11. Kordelle J, Richolt JA, Millis M, Jolesz FA, Kikinis R. Devel-

opment of the acetabulum in patients with slipped capital femoral

epiphysis: a three-dimensional analysis based on computed

tomography. J Pediatr Orthop. 2001;21:174–178.

12. Leunig M, Casillas MM, Hamlet M, Hersche O, Notzli H, Slongo

T, Ganz R. Slipped capital femoral epiphysis: early mechanical

damage to the acetabular cartilage by a prominent femoral

metaphysis. Acta Orthop Scand. 2000;71:370–375.

13. Moreau MJ. Remodelling in slipped capital femoral epiphysis.

Can J Surg. 1987;30:440–442.

14. Murray RO. The aetiology of primary osteoarthritis of the hip.

Br J Radiol. 1965;38:810–824.

15. Ozonoff MB. The hip. In: Bralow L, ed. Pediatric Orthopedic
Radiology. 2nd ed. Philadelphia, PA: WB Saunders; 1992:293–

300.

16. Rab GT. The geometry of slipped capital femoral epiphysis:

implications for movement, impingement, and corrective osteot-

omy. J Pediatr Orthop. 1999;19:419–424.

17. Richolt JA, Teschner M, Everett PC, Millis MB, Kikinis R.

Impingement simulation of the hip in SCFE using 3D models.

Comput Aided Surg. 1999;4:144–151.

18. Schai PA, Exner GU, Hansch O. Prevention of secondary

coxarthrosis in slipped capital femoral epiphysis: a long-term

follow-up study after corrective intertrochanteric osteotomy.

J Pediatr Orthop B. 1996;5:135–143.

19. Southwick WO. Osteotomy through the lesser trochanter for

slipped capital femoral epiphysis. J Bone Joint Surg Am.
1967;49:807–835.

20. Stanitski CL, Woo R, Stanitski DF. Femoral version in acute

slipped capital femoral epiphysis. J Pediatr Orthop B. 1996;5:

74–76.

21. Wilson PD, Jacobs B, Schecter L. Slipped capital femoral

epiphysis: an end-result study. J Bone Joint Surg Am. 1965;47:

1128–1145.

698 Mamisch et al. Clinical Orthopaedics and Related Research

123


	Femoral Morphology Due to Impingement Influences the Range �of Motion in Slipped Capital Femoral Epiphysis
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


