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Automated 3D Analysis of Clinical Magnetic Resonance
Images Demonstrates Significant Reductions in Cam
Morphology Following Arthroscopic Intervention in

Contrast to Physiotherapy

Jessica M. Bugeja, B.E., Ying Xia, Ph.D., Shekhar S. Chandra, Ph.D.,

Nicholas J. Murphy, M.B.B.S., B.A., B.Med.Sc.,
Jillian Eyles, Ph.D., B.App.Sc. (Physiotherapy),

Libby Spiers, B.App.Sc. (Physiotherapy), Stuart Crozier, Ph.D.,
David J. Hunter, M.B.B.S. (Hons), M.Sc. (Clin Epi), M. Sp. Med., Ph.D., F.R.A.C.P.

(Rheum), Jurgen Fripp, Ph.D., and Craig Engstrom, Ph.D.

Purpose: To obtain automated measurements of cam volume, surface area, and height from baseline (preintervention)
and 12-month magnetic resonance (MR) images acquired from male and female patients allocated to physiotherapy (PT)
or arthroscopic surgery (AS) management for femoroacetabular impingement (FAI) in the Australian FASHIoN trial.
Methods: An automated segmentation pipeline (CamMorph) was used to obtain cam morphology data from three-
dimensional (3D) MR hip examinations in FAI patients classified with mild, moderate, or major cam volumes. Pairwise
comparisons between baseline and 12-month cam volume, surface area, and height data were performed within the PT
and AS patient groups using paired t-tests or Wilcoxon signed-rank tests. Results: A total of 43 patients were included
with 15 PT patients (9 males, 6 females) and 28 AS patients (18 males, 10 females) for premanagement and post-
management cam morphology assessments. Within the PT male and female patient groups, there were no significant
differences between baseline and 12-month mean cam volume (male: 1269 vs 1288 mm3, t[16] ¼ �0.39; female: 545 vs
550 mm,3 t[10] ¼ �0.78), surface area (male: 1525 vs 1491 mm2, t[16] ¼ 0.92; female: 885 vs 925 mm,2 t[10] ¼ �0.78),
maximum height (male: 4.36 vs 4.32 mm, t[16] ¼ 0.34; female: 3.05 vs 2.96 mm, t[10] ¼ 1.05) and average height (male:
2.18 vs 2.18 mm, t[16] ¼ 0.22; female: 1.4 vs 1.43 mm, t[10] ¼ �0.38). In contrast, within the AS male and female patient
groups, there were significant differences between baseline and 12-month cam volume (male: 1343 vs 718 mm3, W ¼ 0.0;
female: 499 vs 240 mm3, t[18]¼ 2.89), surface area (male: 1520 vs 1031 mm2, t(34)¼ 6.48; female: 782 vs 483 mm2, t(18)¼
3.02), maximum-height (male: 4.3 vs 3.42 mm,W ¼ 13.5; female: 2.85 vs 2.24 mm, t(18) ¼ 3.04) and average height (male:
2.17 vs 1.52 mm,W ¼ 3.0; female: 1.4 vs 0.94 mm, W ¼ 3.0). In AS patients, 3D bone models provided good visualization of
cam bone mass removal postostectomy. Conclusions: Automated measurement of cam morphology from baseline (pre-
intervention) and 12-month MR images demonstrated that the cam volume, surface area, maximum-height, and average
height were significantly smaller in AS patients following ostectomy, whereas there were no significant differences in these
cam measures in PT patients from the Australian FASHIoN study. Level of Evidence: Level II, cohort study.
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Introduction
linically, cam-type femoroacetabular impingement
C(FAI) syndrome is a symptomatic, activity-related

condition attributed to repetitive pathognomonic
contact between the proximal femur and acetabulum
during hip flexion and internal rotation.1,2 Cam
morphology is characterized by an aspherical femoral
head due to an osseous convexity located in the ante-
rior and/or the antero-superior femoral head-neck
region.3 Recently, Bugeja et al.4 described CamMorph,
an automated segmentation and analysis framework
integrating U-netþfocused shape modeling (FSM)
approaches, to calculate cam volume, surface area, and
height from three-dimensional (3D) magnetic reso-
nance (MR) images of the hip from FAI patients in the
Australian FASHIoN study.5 In automated analyses of
baseline MR images from these patients, the cam
volume, surface area, maximum height and average
height were all significantly greater in males compared
to females4 in line with previous findings from semi-
automated analyses of cam morphology in patients
with FAI.6,7

The purpose of the present study was to obtain
automated measurements of cam volume, surface area,
and height from baseline (preintervention), and
12-month MR images acquired from male and female
patients allocated to physiotherapy (PT) or arthroscopic
surgery (AS) management for FAI in the Australian
FASHIoN trial. It was hypothesized that there would be
no significant difference between the baseline and 12-
month cam volume, surface area, maximum height,
and average height for the PT-managed patients. It was
hypothesized that the 12-month cam volume, surface
area, maximum height, and average height would be
significantly smaller than the baseline values for the
AS-managed patients.

Methods

Study Population and MR Image Acquisition
The present study analyzed MR images of the hip

joint from FAI patients allocated to either PT or AS
management in the Australian FASHIoN study,5 a
multicenter randomized controlled trial assessing
cartilage.8 All patients recruited for the Australian
FASHIoN trial had hip pain, radiographic signs of cam
and/or pincer morphology and had a surgical opinion
that they would benefit from arthroscopic hip surgery.
For further information on patient inclusion and
exclusion criteria, refer to Murphy et al.’s article.5

In the present study, patients with a cam volume
classified (as per Bugeja et al.4) as mild, moderate, or
major determined from baseline MR examinations,
who had both baseline and 12-month MR examina-
tions with appropriate coverage of the femoral
head-neck region of interest (ROI) and images free of
major contrast or artefact distortions were included for
initial analysis. In the Australian FASHIoN trial,
surgeons performed arthroscopic procedures, according
to their usual practice and positioning (supine or
lateral) protocols. The MR images used in the present
study were acquired with a 3D T2-weighted true fast
imaging with steady-state precession (true-FISP)
sequence (repetition time: 10.2 ms, echo time: 4.3 ms,
weighted average image spacing (image spacing varied
in this multisite study): 0.644 � 0.644 � 0.668 mm,
field of view: 16 � 16 cm, matrix size: 256 � 256).

Manual Segmentation of Proximal Femur Volume
Manual segmentations of the proximal femur were

performed by J.M.B., under expert guidance from C.E.,
on the baseline and 12-month MR examinations in a
random sub-sample of PT (N ¼ 22) and AS patients
(N ¼ 22) from the FASHIoN dataset to evaluate the fit
of the 3D U-netþFSM segmentations used in the
automated CamMorph pipeline. The agreement
between the manual and automated 3D segmentations
of the proximal femur (femoral head, neck, and prox-
imal shaft) was assessed using the Dice similarity index
(DSI)9 for volume overlap (1 representing perfect
overlap and 0 representing no overlap) and surface
distance differences (mm) based on the 95% Hausdorff
distance (HD)10 and average surface distance (ASD).11

The manual segmentations, in combination with the
3D FSM and focused cam region in the present study
(refer to Part A of the Supplemental Fig S1), were also
used for qualitative topological evaluation of ostectomy
sites and cam morphology characteristics of the AS and
PT patients, respectively.

Cam Volume, Surface Area, and Height
Measurements
In the current study, the CamMorph pipeline4 was

modified for the analysis of the 12-month MR images
from the PT and AS patients. This modification
involved an initial coregistering of the femur surfaces
fitted to a baseline and 12-month MR image using a
bounded iterative closest points algorithm (VTK
implementation12). This algorithm focused on the
femoral head-neck ROI to facilitate the registration
fitting of the cam morphology region in baseline and
12-month MR bone models.13 The ROI was initialized
using Xia et al.’s13 method. After this model registra-
tion, the FSM “healthy” bone relaxation in the femoral
head-neck ROI of the baseline femur model was
completed as per Bugeja et al.’s study.4 Following the
relaxation step, the signed distance map between the
healthy (relaxed baseline model) and cam-affected
femur surfaces (baseline and 12-month) was
completed to identify cam morphology within the
contoured cam region (refer to Part A of Supplemental
Fig S1 for cam ROI visualization). Voxels within the
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cam morphology region with a distance of more than
0 mm were included as part of the cam bone mass for
volume, surface area, and height measurements.

Statistical Analyses
Pairwise comparisons between baseline and

12-month cam volume, surface area, maximum-height,
and average-height data were performed within the PT
and AS patient groups using paired t-tests or Wilcoxon
signed-rank tests. These analyses were conducted on
male and female patients separately on the basis of
previous reports of sexual dimorphism in cam
morphology,4,6,7 which, in the present study, was
confirmed in a separate cross-sectional analysis of the
male and female patient data (Refer to Part B of the
Supplemental Material). Prior to performing the pair-
wise comparisons between baseline and 12-month cam
morphology data, the Shapiro-Wilk test was applied to
check the normality of the data, and Wilcoxon signed-
rank tests were used if the data did not have a normal
distribution. For the t-test analyses, Levene’s method
was used to assess homogeneity of variances, and
Welch’s test was applied if samples did not have equal
variances. Statistical significance was set a priori at
P < .05, and all statistical analyses were calculated using
a python package, SciPy.14

Results
From an available pool of 51 patients, 2 patients did

not have their final treatment recorded, and 6 AS
patients did not undergo femoral ostectomy procedures
and, thus, were excluded from the present analyses. For
the final cam morphology analysis, MR data were
included from 43/51 (84%) of the patients, consisting
of 15 PT patients (9 males, 6 females, aged 16 to 44
years, body mass index (BMI) 20 to 27 kg/m2) and 28
AS (with femoral ostectomy) patients (18 males, 10
females, aged 16 to 63 years, BMI 19 to 33 kg/m2).

Proximal Femoral Bone Segmentation
Figure 1 shows boxplots for the DSI (Fig 1A), 95% HD

(Fig 1B) and ASD (Fig 1C) values between the manual
and automated segmentations of the proximal femur
volume. Overall, the mean DSI values showed excellent
agreement between the manual and automated
segmentations of the baseline (0.965 � 0.006) and
12-month (0.964 � 0.007) proximal femur volumes.
The mean 95% HD values between the manual and
automated segmentations of the proximal femur for the
baseline and 12-month comparisons were 1.98 � 0.71
mm and 2.15 � 0.87 mm, respectively. The mean ASD
values for the proximal femur segmentations for the
baseline and 12-month comparisons were 0.51 � 0.13
mm and 0.53 � 0.16 mm, respectively.
In Fig 1, three outlier cases in the boxplots are shown

with accompanying MR images and automated
segmentations. The coronal MR images show all three
cases have a limited field of view of the proximal femur
with little or no coverage of the greater trochanter, as
well as varying imaging quality in terms of artefacts and
irregular signal intensity characteristics, which likely
affected the FSM fitting and contributed to the reduced
segmentation performance in these individual cases.
Figure 2 shows 3D femoral bone models for visuali-

zation of the mean and standard deviation 95% HD
values between the manual and automated segmenta-
tions of the proximal femur for the PT and AS patients
from baseline and 12-month analyses. Across the
anterior and antero-superior regions of the femoral
head-neck region, the commonest site for cam forma-
tions in symptomatic FAI patients, the mean 95% HD
values are below 0.67 mm in both the baseline and
12-month analyses. This robust fitting of the FSM in
these primary areas of clinical interest for both the
baseline and 12-month segmentations, the latter
involving bone segmentation performed following
invasive ostectomy procedures in AS patients, demon-
strates the excellent performance of this modeling
approach, which underpins the CamMorph pipeline for
automated calculation of cam morphology.

Cam Morphology in PT Patients
Mean and standard deviation data for baseline and

12-month cam volume, surface area, maximum height,
and average height for PT male and female patients are
provided in Table 1. The pairwise analysis of the data
within the male PT patients showed no significant dif-
ference between baseline and 12-month mean cam
volume (t([16] ¼ �0.39, P ¼ .710, Fig 3A), surface area
(t[16] ¼ 0.92, P ¼ .386; Fig 3B), maximum
height (t[16] ¼ 0.34, P ¼ .744, Fig 3C) or average-
height (t[16] ¼ 0.22, P ¼ .831; Fig 3D). Similarly,
within the female PT patients, there was no significant
difference between the baseline and 12-month mean
cam volume (t[10] ¼ �0.12, P ¼ .911, Fig 3A), surface
area (t[10] ¼ �0.78, P ¼ .470; Fig 3B), maximum
height (t[10] ¼ 1.05, P ¼ .343; Fig 3C) or average
height (t[10] ¼ �0.38; P ¼ .718, Fig 3D).
Figure 4 shows 3D models of the proximal femur

generated in SMILI15 to visualize the baseline and
12-month cam profiles in individual PT male and fe-
male patients classified as having a baseline mild,
moderate, or major cam volume, as calculated from the
CamMorph pipeline. Topologically, there is very little
(or no) observable difference in the cam location and
profile in the femoral head-neck ROI between
the baseline and 12-month comparisons for each of the
individual male and female patients within each of
the cam volume categories. The consistency between
the baseline and 12-month visualizations of the cam
topology in these individual PT male and female pa-
tients indicates that the cam bone mass has remained



Fig 1. Boxplots of the DSI (A), 95% HD (B) and ASD (C) values between the manual and automated segmentations of the
proximal femur (the boxplot centerline marks the median value). The included coronal MR images with an automated seg-
mentation contour overlayed are for 3 outlier cases with image contrast and field of view insufficiencies. AS, arthroscopic
surgery; ASD, average surface distance; BL, baseline; DSI, Dice similarity index; HD, Hausdorff distance; PT, physiotherapy
management; 12m, 12-month.
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Fig 2. Visualization of the mean 95% Hausdorff distance between the fitted FSM and the manual segmentations of the proximal
femur for the PT (A-D) and AS management groups (E-H) for baseline (columns 1 and 2) and 12-month segmentations (columns
3 and 4). The mean (columns 1 and 3) and standard deviation (columns 2 and 4) 95% Hausdorff distance scalars are displayed.
Note that the greater trochanter region, which is not of primary clinical interest in the current study for cam bone mass
assessment, has been “masked” to exclude it from the above visualization. The scalar bar was capped at 1 mm to help with the
visualization of differences present in the femoral head-neck region rather than those differences around the greater trochanter.
AS, arthroscopic treatment group; BL, baseline; FSM, focused shape model; PT, physiotherapy management group; stdev,
standard deviation.
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very stable during the PT intervention period of the
Australian FASHIoN study.

Cam Morphology in AS Patients
Mean and standard deviation data for baseline and

12-month cam volume, surface area, maximum
height, and average height are provided in Table 2 for
the AS male and female patients. The pairwise analysis
of the cam morphology data within the male AS
patients showed, that in comparison with the baseline
(prearthroscopy) data, the 12-month data demon-
strated a significantly reduced median cam volume
(W ¼ 0.0, P < .001; Fig 5A), mean surface area
(t[34] ¼ 6.48, P < .001; Fig 5B), median maximum
height (W ¼ 13.5, P ¼ .002; Fig 5C) and median
average height (W ¼ 3.0, P < .001; Fig 5D). Similarly,
pairwise analyses of cam morphology data within the
female AS patients revealed, that in comparison with
baseline data, the 12-month data demonstrated a
significantly reduced mean cam volume (t[18] ¼ 2.89,
P ¼ .018; Fig 5A), surface area (t[18] ¼ 3.02, P ¼ .015;
Fig5B),maximum-height (t[18]¼3.04,P¼ .014;Fig.5C),
and median average height (W¼ 3.0, P¼ 0.012; Fig 5D).
The median and interquartile range of the resected

cam volume, surface area, maximum height, and
average height data are provided in Table 3 for the AS
male and female patients.
Figure 6 shows 3D models of the proximal femur for

the baseline and 12-month cam profiles in individual
male and female AS patients classified as originally
having a baseline mild, moderate, or major cam
volume. The 3D models clearly show cam bone mass
reduction between the baseline (prearthroscopy) and
12-month profiles of the head-neck ROI for each of the
individual patients within the different cam volume
categories. Inspection of the baseline and 12-month
cam profiles in the 3D models of the proximal femur
in all the AS patients indicated that, in the majority of
cases, the greatest bone removal occurred in the ante-
rior and antero-superior femoral head-neck region with
less bone removal evident in other locations such as the
antero-inferior region.

Discussion
In male and female patients with FAI, automated

measurement of cam morphology from baseline and
12-month MR images demonstrated that the cam vol-
ume, surface area, maximum height and average
height were significantly reduced following surgery in
AS-managed patients. Conversely, there were no
significant differences in these cam morphology mea-
sures in PT patients following the management protocol
used in the Australian FASHIoN trial. Following ostec-
tomy, reductions in cam bone mass between the pre-
operative and postoperative MR images in individual
patients could be clearly visualized in 3D bone models
of the proximal femur for AS patients with baseline
mild, moderate, and major cam volumes.

Proximal Femur Segmentation
The automated 3D U-netþFSM segmentations of the

proximal femur volume, which underpin the cam



Table 1. Mean and Standard Deviation Data for Baseline and 12-Month Cam Volume, Surface Area, Maximum-Height and
Average-Height in the Male and Female PT Patients

Male (n ¼ 9) Female (n ¼ 6)

Baseline 12-Month Baseline 12-Month

Volume (mm3) 1269.19 � 301.28 1287.73 � 381.24 544.69 � 204.95 550.06 � 128.22
Surface area (mm2) 1524.56 � 160.14 1490.56 � 200.80 885.34 � 161.95 925.22 � 108.21
Maximum height (mm) 4.36 � 1.46 4.32 � 1.42 3.05 � 0.69 2.96 � 0.56
Average height (mm) 2.18 � 0.69 2.18 � 0.64 1.40 � 0.36 1.43 � 0.29

PT, physiotherapy.
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morphology measures from the CamMorph pipeline,
demonstrated excellent agreement with the manual
segmentations having very high DSI values comparable
to previous MR validation studies.16-20 For the current
clinical MR data set, the automated segmentation of the
proximal femur performed very well in the antero-
superior and anterior femoral head-neck region with
95% HD values below 0.67 mm within these specific
areas of clinical interest for cam-type morphology (see
Fig 2).

Cam Morphology in PT Patients
Within the PT male and female patients, there were

no significant differences between baseline and 12-
month cam volume, surface area, maximum height,
or average height. This suggests that the PT protocol in
the FASHIoN study did not alter cam bone mass (i.e., no
bone “reduction”) in this specific cohort of patients
Fig 3. Boxplots for baseline and 12-month cam volume (A), surfa
male (n ¼ 9) and female (n ¼ 6) PT patients. The boxplot centerl
12m, 12-months.
presenting with baseline mild, moderate, or major cam
volumes. The lack of change in cam bone mass was well
visualized in baseline and 12-month 3D models of the
proximal femur in individual PT patients with very
consistent regional topological and morphological
characteristics of cam formations evident in the femoral
head-neck ROI of these patients with FAI.

Cam Morphology in AS Patients
The cam volume, surface area, maximum-height and

average-height were significantly smaller for the
12-month compared to the baseline (preoperative) MR
measures within both the AS managed male and female
patients. In the present analyses, we had no specific
information regarding the intended outcomes for bone
resection in any of the AS-managed patients, limiting
the ability to fully evaluate individual patient data.
However, the median cam bone removal for the male
ce area (B), maximum-height and (C) average-height (D) for
ine marks the median value. BL, baseline; PT: physiotherapy;



Fig 4. Visualization of 3D proximal femoral bone models at
baseline and 12 months in individual male (rows 1 and 2) and
female (rows 3 and 4) PT patients. The cases displayed include
individual patients with a baseline mild (column 1), moderate
(column 2), or major (column 3) cam volume. The dynamic
range of the scalar bars for cam morphology height (in mm)
was adapted for the different data range in male and female
patients. BL, baseline; PT, physiotherapy.
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and female AS patients for bone volume (653.5 mm,3

151.0 mm3) and surface area (330.3 mm2 and 252.4
mm2) were in good general agreement with the mean
cam bone volume of 939.9 mm3 and surface area of
615.8 mm2 excised in arthroscopic surgeries performed
on the hemipelvis of 7 cadavers (sex not specified) and
analyzed with semiautomated segmentation from MR
images.21 Our median values for the resected cam bone
for the male and female AS patients in terms of
maximum height (0.81 mm, 0.58 mm) and average
height (0.72 mm, 0.44 mm) were somewhat lower than
the mean values in the cadaveric study of Guidetti
et al.21 (i.e., maximum height: 3.7 mm, average height:
1.6 mm). This may be attributable to a more
Table 2. Mean and Standard Deviation Data for Baseline and 12
Average-Height in the Male and Female AS Patients

Male (n ¼ 18)

Baseline 12-

Volume (mm3) 1342.73 � 678.87 718.0
Surface area (mm2) 1520.32 � 253.19 1030.6
Maximum height (mm) 4.30 � 1.65 3.4
Average height (mm) 2.17 � 0.95 1.5

AS, arthroscopic surgery.
conservative “resection safety depth” in the AS patients
related to concerns regarding over-resection of bone
and unsafe thinning (weakening) of the femoral neck.
Reduced cam bone mass in the 12-month MR data in

individual AS patients was well visualized in the ante-
rior and antero-superior femoral head-neck junction, as
shown in 3D models of the proximal femur. As per
Fig 6, cam bone removal tended to be greater in the
anterior and antero-superior femoral head-neck region
compared to the antero-inferior region. However, it
should be noted that when viewing the 3D bone
models, we had no specific information regarding the
intended outcomes for cam bone removal for individual
patients, so the present observations are made without a
priori knowledge on the amount or sites of bone/s
identified for arthroscopic removal. Further, the data
derived from the automated CamMorph pipeline, which
was developed after the data collection in the Australian
FASHIoN study,5 were not obtained in the context of
any planned preintervention (e.g., stratified allocation
of patients to management arms) or postintervention
purposes (e.g., evaluation of the location and amount of
cam bone mass removal during ostectomy), nor with
any a priori information regarding the (possible) loca-
tion or size of cam formations in the FAI patients. The
data generated by the automated CamMorph pipeline
relate specifically to the cam morphology (volume,
surface area, and height data) and location characteris-
tics, as segmented from the baseline and 12-month MR
images obtained from the male and female AS patients.

Limitations
This study is not without limitations. In the present

study, automated measurements of cam morphology
were obtained from MR images using the 3D trueFISP
sequence employed for structural hip imaging in the
Australian FASHIoN study. Currently, the CamMorph
pipeline has not been applied to other 3D MR
sequences, such as VIBE and SPACE, previously shown
to provide bone volumes comparable to CT in the knee
joints of cadavers22 or combined with functional MR
imaging, such as dGEMRIC23 and T2 mapping,24 re-
ported to be reliable in assessing hip cartilage integrity
and degeneration.25,26
-Month Cam Volume, Surface Area, Maximum-Height and

Female (n ¼ 10)

Month Baseline 12-Month

8 � 552.91 498.93 � 325.57 240.24 � 186.58
2 � 457.30 781.81 � 327.82 482.97 � 268.39
2 � 1.47 2.85 � 1.19 2.24 � 1.11
2 � 0.75 1.40 � 0.66 0.94 � 0.58



Fig 5. Boxplots for baseline and 12-month cam volume (A), surface area (B), maximum height (C), and average height (D) for
male (n ¼ 18) and female (n ¼ 10) AS patients. The boxplot centreline marks the median value. AS, arthroscopic surgery; BL,
baseline; 12m: 12-months.
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Although the present work successfully implemented
the 3D CamMorph pipeline for the automated mea-
surement of cam morphology in the femoral head-neck
region of FAI patients, currently an automated
approach for measurement of pincer morphology has
not been developed for the pipeline. Therefore, future
work is needed to generate automated data on both
pincer and cam morphology, as these osseous forma-
tions, either in isolation or combined in a “mixed” FAI
presentation, are commonly evaluated for clinical de-
cision making in patients with symptomatic FAI.1

Analysis of cam morphology in the 3D models of the
proximal femur generated for the individual male and
female FAI patients in the present study was limited to
qualitative visualizations rather than quantitative shape
analyses of cam location and topology. Potentially,
quantifying cam shape characteristics in combination
Table 3. Median and Interquartile Range Data for Resected Cam
in the Male and Female AS Patients

Male (n ¼ 18)

Median Interquar
Volume (mm3) 653.5 399.3 to 7
Surface area (mm2) 330.3 266.2 to 6
Maximum height (mm) 0.81 0.38 to 1.
Average height (mm) 0.72 0.42 to 0.

AS, arthroscopic surgery.
with both cam and pincer morphology data has the
potential for incorporation into personalized biome-
chanical models of the hip using techniques such as
finite and discrete element modelling27,28 to augment
preintervention and postintervention evaluations in
patients.
Conclusions
Automated measurement of cam morphology from

baseline (preintervention) and 12-month MR images
demonstrated that the cam volume, surface area,
maximum height, and average height were signifi-
cantly smaller in AS patients following ostectomy,
whereas there were no significant differences in these
cam measures in PT patients from the Australian
FASHIoN study.
Volume, Surface Area, Maximum-Height and Average-Height

Female (n ¼10)

tile Range Median Interquartile Range
68.1 151.0 101.4 to 387.6
15.9 252.4 132.3 to 321.5
59 0.58 0.39 to 0.99
90 0.44 0.24 to 0.69



Fig 6. Visualization of three-dimensional proximal femoral
bone models in individual male (rows 1 and 2) and female
(rows 3 and 4) AS patients. The cases displayed include pa-
tients with baseline mild (column 1), moderate (column 2),
and major (column 3) cam morphology. The dynamic range
of the scalar bars for cam morphology height (in mm) was
adapted for the different data range in male and female pa-
tients. AS, arthroscopic; BL, baseline.
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