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Abstract
Background The management of asymptomatic individ-
uals with cam femoral morphology that predisposes their
hips to femoroacetabular impingement has received little
attention. Such hipsmay have subclinical articular damage;

however, whether this cartilage damage will progress is
unknown as is whether any particular bone morphologies
are associated with this progression. Such knowledge
could help determine the natural history and guide man-
agement of such individuals.
Questions/purposes The purpose of this study was to de-
termine whether (1) asymptomatic hips with cam mor-
phology are at risk of further cartilage degeneration (as
evaluated by T1r); (2) T1r changes are predictive of
symptom onset; and (3) bony morphologic parameters are
associated with T1r signal changes.
Methods In a prospective, longitudinal study, 17 asymp-
tomatic volunteers/hips (16 men; 33 6 6 years) with cam
morphology underwent two T1rMRI scans and functional
assessment (WOMAC) at recruitment and at 4 years
(range, 2–6 years). Volunteers were recruited from a pre-
vious study, which reported on the prevalence of cam
morphology among asymptomatic individuals using hip
MRI; cam morphology was defined as an a angle $ 60°
anterolaterally and/or $ 50.5° anteriorly relative to the
neck axis. The differences in T1r values (DT1r) and rel-
ative differences (%DT1r) were calculated as: DT1r =
T1rFollowup – T1rInitial and %DT1r = DT1r/T1rInitial. A
%DT1r > 17.6% was considered clinically important.
Using CT data, femoral, acetabular, and spinopelvic
parameters were measured. Whether DT1r and/or %DT1r
was associated with any of the bone morphologic param-
eters was tested using Spearman’s correlation coefficient.
Results The global T1r in these asymptomatic hips with
cam morphology remained unchanged between initial
(mean, 356 5 ms) and followup scans (mean, 346 3 ms;
p = 0.518). No differences with the numbers available in
T1r values were seen initially between the anterolateral
and posterolateral (346 6 ms versus 336 4 ms; p = 0.734)

This study was supported by The Canadian Institutes of Health
Research (PB; MOP97778). One of the authors certifies that he (PB)
has received ormay receive personal fees, during the study period,
in an amount of USD 10,000 to USD 100,000 from MicroPort
(Arlington, TN, USA), personal fees in an amount of USD 10,000 to
USD 100,000 from MatOrtho (Surrey, UK), personal fees in an
amount of USD 10,000 to USD 100,000 from Zimmer Biomet
(Warsaw, IN, USA), personal fees in an amount of USD 10,000 to
USD 100,000 from Corin (Cirencester, UK), personal fees in an
amount of USD 10,000 to USD 100,000 from Medacta (Castel San
Pietro, Switzerland), and grants in an amount of USD 100,001 to
USD 1,000,000 from Zimmer Biomet, all outside the submitted
work.
Clinical Orthopaedics and Related Research® neither advocates nor
endorses the use of any treatment, drug, or device. Readers are
encouraged to always seek additional information, including FDA
approval status, of any drug or device before clinical use.
Each author certifies that his institution approved the human
protocol for this investigation and that all investigations were
conducted in conformity with ethical principles of research.
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regions; at followup, T1 values were higher posterolaterally
(36 6 5 ms versus 32 6 5 ms; p = 0.031). The mean global
DT1r was 1 6 5 ms (95% confidence interval, -1 to +3 ms)
and themean global %DT1rwas 2%6 13%. Two volunteers
reported lower WOMAC scores; one patient exhibited a
clinically important increase in%DT1r (-26%). The degree of
acetabular coverage correlatedwith%DT1r (rho = 0.59–0.61,
p = 0.002); the lesser the acetabular coverage anterolaterally,
the greater the corresponding area’s T1r at followup.
Conclusions Although signs of posterolateral joint de-
generation were detected, these were not generally associated
with symptoms, and only one of the two volunteers with the
onset of symptoms had a clinically important increase in %D
T1r. We found that reduced acetabular coverage may in-
crease the likelihood that preclinical cartilage degeneration
will arise within 2 to 6 years; thereby reduced acetabular
coverage should be considered when stratifying asymptom-
atic hips at risk of degeneration. Future studies should be
performed with a larger cohort and include femoral version
among the parameters studied.
Level of Evidence Level II, diagnostic study.

Introduction

Femoroacetabular impingement (FAI) is a dynamic pro-
cess, which leads to abutment of the femoral head-neck
junction against the acetabulum [33]. Variant morphologic
features of the proximal femur (such as cam morphology
[17, 26]) and/or acetabulum (pincer morphology) [16] are
considered the principal factors contributing to FAI. Other
factors such as spinal morphology [24] and pelvic motion
[35] patterns also are believed to contribute. FAI can pre-
dispose people to osteoarthritis (OA) development; however,
not all hips with radiographic features consistent with FAI are
symptomatic or go on to develop degenerative changes [1, 22].

The therapeutic goal in symptomatic FAI is to relieve
pain, improve pain-free ROM, and halt the progression of
cartilage degeneration [12]. Identifying hips in the early pha-
ses of chondrolabral damage aids timely surgical management
before irreversible chondral degeneration and improves out-
come (pain reduction and joint preservation) after treatment
[14, 15]. Conversely, the management of asymptomatic indi-
viduals with abnormal bony features suggestive of FAI has
received less attention. In recent studies [37], it has been shown
that these asymptomatic patients may have compromised
cartilage in a pattern similar to patients with symptomatic FAI
despite the lack of symptoms [5]. Whether the cartilage dam-
age will progress is unknown but is important because this
knowledge could help determine the natural history of cam
morphology and guide the management of such individuals.

Traditional imaging modalities have limited value in
detecting early degenerative changes [18]. Advanced MRI
techniques such as delayed gadolinium-enhanced MRI of

cartilage (dGEMRIC ) [39, 45], T1r [40, 41], T2, and T2*
[25] mapping allow probing of the biochemical content of
cartilage tissue in vivo and have been shown to be sensitive
to molecular changes seen in early OA. An inverse relation
has been found between T1r relaxation time and pro-
teoglycan content (an early marker of OA) [2, 47] in bovine
and human cartilage samples of the knee [20, 38] and hip
[40, 41].

The aims of this longitudinal, T1rMRI study were to
determine whether (1) asymptomatic hips with cam
morphology are at risk for further cartilage de-
generation; (2) T1r changes are predictive of symptom
onset; and (3) bony (acetabular, femoral, or spinal)
morphologic parameters are associated with any of the
T1r signal changes.

Patients and Methods

This is a prospective, single-center, institutional review
board-approved study. Participants were recruited from a
previous cross-sectional study of 200 asymptomatic hips
[21] and have been described in previous reports [5, 6]. Of
these hips, 28 (20 males) had a cam deformity and were
asymptomatic. All were invited to participate in a study
comparing the T1r signal between asymptomatic hips with
cam morphology and controls [5]; 20 (71%) accepted the
invitation. Inclusion criteria for this study were no previous
hip pathology or surgery, no signs of OA based on radio-
logic (MRI) assessments at the time of the cross-sectional
study, WOMAC score (> 90) [10] at initial MRI, and the
presence of a cam deformity based on oblique axial im-
aging. The findings of the initial T1r imaging study com-
pared with controls were previously reported [5].
Participants were mailed an Addendum to the Research
Consent Form; those who agreed to further participation
presented for a followup T1r MRI scan and functional
outcome assessment at a minimum 2-year interval. Eigh-
teen of the 20 hips, who volunteered for the initial study [5],
presented for the second assessment at a mean interval of 4
years (range, 2–6 years). Motion artifacts were present in
one hip, which could not be processed; the remaining 17
formed the study’s cohort. A minimum scan interval of 2
years was deemed necessary. Most participants were men
(16 of the 17) and the mean age was 33 years old (range,
27–45 years) at the time of the initial T1r (Table 1). The
patients’ mean body mass index was 25 kg/m2 (range,
19–29 kg/m2).

Bony Morphology

The alpha angle was measured on CT images of the radial
series at the 1:30 and 3:00 positions. An alpha angle > 60°
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at 1:30 and/or > 50.5° at 3:00 was defined as having a cam
morphology [36]. The average alpha angle ante-
rosuperiorly was 66° (range, 49°–77°) and the average
alpha angle anteriorly was 56° (range, 37°–65°) [7, 36].
There were two hips with anterior cam lesions (3:00 lo-
cation only), six hips with cam lesions located ante-
rosuperiorly (1:30 location only), whereas nine hips had
cam morphology at both the 1:30 and 3:00 locations.

Other parameters measured from CT, using validated
software and methods [19], included the femoral neck-
shaft angle [35], acetabular version and inclination, ace-
tabular depth, acetabular subtended angles (measure of
how much femoral head coverage the acetabulum provides
along different points of its “clockface”) [13, 29], pelvic
incidence, sacral slope, and pelvic tilt [30-32, 42] (Table 2).
Subtended angles were measured around the weightbear-
ing acetabular clockface starting anteriorly, at right angles
to the anterior pelvic plane, equating to the 0° orientation.
Thereafter, the superior acetabular aspect is at the 90°
orientation and posterior acetabular rim is at 180° [19].
Subtended measurements were made at 30° increments
around the acetabulum. Femoral version was measured
according to Murphy et al. [34] using transverse slices at
three different femoral locations: the center of the femoral
head, the base of the femoral neck, and the condylar axis.
Two observers (GG, GN) blinded to patient identity per-
formed all measurements. Excellent interobserver coef-
ficients (ICCs) were identified (ICC, 0.9-0.95; p < 0.001).
Furthermore, one observer repeated the measurements for
10 participants and excellent ICCs (0.93-0.98) were
identified.

Functional Outcome

TheWOMAC osteoarthritis score [11] was obtained for all
patients at the time of the first and second scans. There was
no difference with the numbers available in the WOMAC

score between initial (100; range, 95–100) and followup
assessments (98; 87–100; p = 0.534). The difference between
the two WOMAC scores was established (DWOMAC):
DWOMAC = WOMACFollowup-WOMACInitial:

MRI Protocol

Each participant underwent a hip MRI that was performed
on a 1.5-T MRI scanner (Magnetom Symphone; Siemens
Medical Solutions, Erlangen, Germany) using a body coil
for signal transmission and a flexible four-channel surface
coil for signal reception. Participants were positioned in a
similar fashion for both scans: supine with the leg fixed in
neutral rotation. T1r-weighted data sets were obtained in
the sagittal oblique plane, parallel to the acetabular fossa
(see Appendix, Supplemental Digital Content, http://links.
lww.com/CORR/A134).

Image Postprocessing and Data Analysis

The MR images were segmented and analyzed using an in-
house, custom-written software program developed in
MATLAB® (MathWorks Inc, Natick, MA, USA). A
musculoskeletal imaging scientist (GM) performed the
segmentation analysis of the MRI scans. The T1rmapping
and analysis protocol used in this study were evaluated in a
recent publication, which showed strong interobserver,
intraobserver, and inter-MR scan reliability [6]. The ICC
and root mean square coefficient of variation were 0.965
and 4% (intraobserver), 0.953 and 4% (interobserver), and
0.988 (all p < 0.001) and 9% (inter-MR scan), re-
spectively [6].

Table 1. Cohort demographics, interval between MRI scans,
and WOMAC scores

Parameter Mean (range)/number

Age (years) 33 (27–45)

Gender Male 16

Female 1

Side Right 6

Left 11

Interval (years) 4 (2–6)

WOMAC Initial 100 (95–100)

Followup 98 (87–100)

DWOMAC -1 (-14 to 5)

D = delta.

Table 2. Bony parameters for the whole cohort

Parameter Value (range)

Anterosuperior alpha angle (1:30) (°) 66 (49–77)

Anterior alpha angle (3:00) (°) 56 (37–65)

Neck-shaft angle (°) 127 (123–134)

Femoral anteversion (°) 10 (-18 to 24)

Acetabular abduction (°) 48 (42–56)

Acetabular anteversion (°) 10 (-3 to 22)

Anterior subtended angle (°) 75 (69–83)

Superior subtended angle (°) 84 (78–94)

Posterior subtended angle (°) 72 (67–81)

Pelvic incidence (°) 49 (42–56)

Sacral slope (°) 44 (28–53)

Spinopelvic tilt (°) 6 (-6 to 25)

Subtended angle reflects the degree of femoral head coverage
the acetabulum provides: % femoral head coverage =
(subtended angle/90) x 100.
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We used an oblique coronal localizer sequence to es-
tablish the transverse coverage of the hip that included the
superior weightbearing acetabular surface. Seven or eight
(depending on joint size) sagittal T1r image slices were
analyzed, starting from the lateral sourcil margin and
extending medially. The hyaline cartilage was segmented
as one layer (acetabulum and femoral head together) using
the first T1r-weighted data set (spin lock time = 12 ms).
The matched, anatomic intermediate-weight image was
used to facilitate delineation of the hyaline cartilage mar-
gins for segmentation, ensuring that the labrum and sub-
chondral compact bone were excluded from the region of
interest.

After segmentation, the joint was divided and sub-
divided into two 90° regions defined using a line drawn
through the center and superior apex of the femoral head,
creating an anterior and posterior zone. In each hip, the T1r
relaxation zones were calculated for the whole surface
analyzed (T1rcomplete), the anterior (T1ranterior) and poste-
rior (T1rposterior) halves, and six principal regions of in-
terest (ROIs) as previously described [6]. To determine
T1r in the six ROIs, sagittal slices were divided into lateral
(slices 1-3), intermediate (slices 4-6), or medial (slices 7-8)
zones. Thereafter, the ROI could be subdivided into six
areas (anterolateral, anterointermediate, anteromedial,
posterolateral, posterointermediate, and posteromedial;
Fig. 1).

When the initial T1r signal changes were reported in
this cohort [5], higher values were detected anterolaterally

in asymptomatic hips with cam FAI (336 6 ms) compared
with controls (29 6 4 ms).

Because two MR scans were available for each patient
in this study, we measured interpatient variability by cal-
culating the individual patient’s T1r signal differences and
relative differences. The absolute differences in T1r values
(DT1r) were determined and were calculated as: DT1r =
T1rInitial – T1rFollowup.

The relative differences (%DT1r) = DT1r/ T1rInitial
were calculated as:%DT1r = DT1r= T1rInitial:

A negative %DT1r denotes a greater T1r value at fol-
lowup, indicating a smaller proteoglycan content at fol-
lowup (ie, further degeneration).

Outcome Measures

The T1r,DT1r, and%DT1r values were determined for all
zones. It has been shown that the variability within the
different regions in the joint is < 10% [40] and similarly the
T1r difference from MR scans performed within a period
of 2 weeks in the same individual can be up to 9% [6].
Therefore, 17.6% (1.96% x 9%) was considered clinically
important.

Onset of symptoms was determined from the WOMAC
score and if the score had deteriorated in the followup re-
view. We tested the WOMAC score difference for corre-
lation with the %DT1r; furthermore, we assessed whether
participants with a clinically important reduction or

Fig. 1 A-D Three-dimensional reconstructed femoral acetabular joint showing the six car-
tilage regions analyzed in the study as color-coded overlays from different views. (A) AP
oblique view. (B) AP oblique view with 75% acetabulum opacity. (C) Posteroanterior oblique
view. (D) Posteroanterior oblique view with 75% acetabulum opacity.
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increase in %DT1r had greater DWOMAC compared with
the rest of the group at followup.

Lastly, we tested whether the hips with a clinically
important alteration in %DT1r had different morpho-
logic femoral, acetabular, or spinopelvic parameters
compared with the rest of the hips. Whether DT1r
and/or %DT1r were associated with any of the bone
morphologic parameters was tested using correlation
coefficients.

Sample Size Calculation

A power analysis based on published hip cartilage T1r
values of cam participants and healthy controls was
performed to calculate the minimal number of hips
needed for this study. In the anterolateral region, the
area where cam impingement occurs, participants with a
cam deformity showed significant higher cartilage T1r
values (33 6 5 ms) compared with the control group
(296 4 ms) (p = 0.039) [6]. Based on these differences,
using a power of 0.8 and alpha error (p) of 0.05, we
estimated a minimum of 15 participants was needed for
this study.

Statistical Analysis

Statistical analysis was performed with SPSS (Version
23; IBM Corp, Armonk, NY, USA). Nonparametric tests
were used for analysis. Statistical significance was set at <
0.05. The Mann-Whitney U and Kruskal-Wallis tests
were used for scale data, whereas the chi-square and
Fisher’s exact tests were used for categorical data.
Spearman’s (r) correlation was used to determine
whether any correlations existed for scale data. The
Mann-Whitney U and Kruskal-Wallis tests were used for
research question 1; Spearman’s (r) correlation and
Mann-Whitney U were used for research question 2,
whereas Spearman’s (r) correlation was used for research
question 3.

Results

No difference in T1r values was seen in these asymp-
tomatic hips with cam morphology on the baseline MRI in
the anterolateral (34 6 6 ms) and posterolateral (33 6
4ms) ROIs (p = 0.734); however, at followup, the T1 value
was higher in the posterolateral (366 5ms) ROI compared
with the anterolateral (32 6 3 ms) ROI (p = 0.031). The
global T1r remained unchanged between the initial (mean,
35 6 5 ms) and followup scans (mean, 34 6 3 ms) (p =
0.518). For the whole cohort, there were no differences in
the T1r obtained between the initial and followupMRIs for

any of the six ROIs (Table 3). The mean global DT1r was
1 6 5 ms (95% confidence interval [CI], -1 to +3 ms).
Interval time between scans (r = 0.24, p = 0.36) and age at
initial scan (r = 0.13, p = 0.610) did not correlate with
global DT1r. Similarly, body mass index did not correlate
(r = -0.10, p = 0.721) with global DT1r. The mean global
%DT1r was 2% 6 13%. The %DT1r showed an overall
reduction in T1r value (at followup) over the anterior half
of the joint (9%; 95%CI, 2%–17%), which is contrary to an
overall increase in the T1r over the posterior half (-5%;
95% CI, -14% to 4%) at followup.

We observed a clinically important change in the ante-
rolateral %DT1r ($ 18%) in four hips; in two of these hips,
the T1r value increased at followup, whereas in the other
two hips, the T1r value was reduced at followup. The
patient with the largest %DT1r (-26%) was one of the two
patients who reported a WOMAC score reduction (from
100 to 92; Fig. 2). We found that %DT1r in the antero-
lateral ROI strongly and positively correlated (r = 0.73; p <
0.001) with the T1r value in the anterolateral ROI of the
baseline MR scan (Fig. 3).

The only bony morphologic parameter that correlated
with T1r value was the acetabular subtended angle. The
anterior and superior acetabular subtended angles (r =
0.59–0.61; p = 0.002; Table 4) positively and moderately
correlated with the %DT1r seen over the corresponding
ROIs (anterolaterally); the smaller the degree of coverage,
the more negative the %DT1r (ie, greater T1r signal at
followup scan; Fig. 4).

Discussion

Proximal femoral cam morphology has a prevalence of
approximately 15% among all comers [21]. It can be as-
sociated with an increased risk of pain [27] and de-
velopment of OA within 5 years of detection [46] in some
volunteers, yet not all hips with a cam deformity will de-
velop OA or symptoms [1, 22]. Recent studies have iden-
tified static/bony and dynamic parameters that increase the
risk of a hip with a cam deformity being symptomatic
[35, 43]. Identifying which hips are at risk of de-
generation and intervening in a timely manner are par-
amount in the quest of joint preservation. Using patient
symptomatology (in particular hip pain) certainly would
be an obvious choice, but because this can be nonspecific
with regard to disease state [8], evaluating biomarkers
such as cartilage degenerative markers in the blood or
advanced cartilage imaging with MRI might help iden-
tify at-risk hips. In this small, longitudinal study, we
found little progression of degenerative changes as
measured by T1r; only two of 17 individuals with pre-
viously asymptomatic cam morphology of the proximal
femur developed a clinically important degree of
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articular cartilage degeneration as measured by T1r, and
of those, only one developed symptoms. In addition, we
were able to demonstrate that biomechanical parameters
other than the size of the cam morphology may be of
importance; decreasing acetabular coverage anteriorly
and laterally was associated with a decrease in T1r value
content change in individuals with asymptomatic cam
morphology.

Limitations to this study include the small sample size,
which was predetermined by the number of volunteers who
had a cam deformity in the prevalence study (n = 28) and
the number that presented for the initial scans (n = 20).
Such a small cohort raises the possibility of selection bia-
ses. Second, we did not obtain activity data for any vol-
unteers; such data would have allowed us to determine
whether any activity modification could be responsible for

the %DT1r detected. Third, the majority of volunteers
were male (16 of 17) and therefore the findings of this study
may not apply to female hips; nevertheless, cam-type FAI
is more prevalent among males. Fourth, the bony mor-
phologic assessments were made based on CT-based
analysis and not per radiographic analysis, which is most
commonly performed in clinical practice. However, this
was performed to improve accuracy of the three-
dimensional anatomic assessments. Lastly, a mean 4-year
interval between MRI scans is not a long interval in the
lifetime of the native hip, and therefore, longer surveillance
and longitudinal studies are necessary. However, this work
establishes key parameters in further determining what
represents a pre- versus a clinical disease state in patients
with cam morphology. Previous work has shown that the
degenerative process in patients with cam morphology is

Table 3. T1r measurements for the whole cohort including the global and ROIs measurements

Parameter Value 6 SD (range) p value

T1r global initial scan (ms) 35 6 5 (28–46) 0.518

T1r global followup scan (ms) 34 6 4 (28–41)

%DT1r global 1 (95% CI, -7 to 9)

T1r anterolateral ROI initial scan (ms) 34 6 6 (26–45) 0.586

T1r anterolateral ROI followup scan (ms) 32 6 3 (27–39)

%DT1r anterolateral 3.3 (95% CI, -5 to 10)

T1r anterointermediate ROI initial scan (ms) 34 6 6 (27–44) 0.474

T1r anterointermediate ROI followup scan (ms) 32 6 4 (24–40)

%DT1r anterointermediate 4 (95% CI, -4 to 13)

T1r anteromedial ROI initial scan (ms) 37 6 6 (28–50) 0.290

T1r anteromedial ROI followup scan (ms) 34 6 5 (23–42)

%DT1r anteromedial 6 (95% CI, -3 to 16)

T1r posterolateral ROI initial scan (ms) 33 6 4 (27–41) 0.122

T1r posterolateral ROI followup scan (ms) 36 6 5 (26–43)

%DT1r posterolateral -4.6 (95% CI, -16 to 7)

T1r posterointermediate ROI initial scan (ms) 34 6 5 (27–48) 0.218

T1r posterointermediate ROI followup scan (ms) 36 6 5 (27–41)

%DT1r posterointermediate -6 (95% CI, -18 to 3)

T1r posteromedial ROI initial scan (ms) 35 6 6 (26–52) 0.414

T1r posteromedial ROI followup scan (ms) 36 6 5 (28–44)

%DT1r posteromedial -6 (95% CI, -21 to 4)

Ratio AP lateral initial scan (ms) 1.0 6 0.2 (0.8–1.3) 0.034*

Ratio AP lateral followup scan (ms) 0.9 6 0.1 (0.8–1.4)

D ratio AP lateral 0.1 (95% CI, 0-0.2)

Ratio AP intermediate initial scan (ms) 1.0 6 0.1 (0.7–1.2) 0.067

Ratio AP intermediate followup scan (ms) 0.9 6 0.1 (0.7–1.2)

D ratio AP intermediate 0.1 (95% CI, 0-0.2)

Ratio anteroposterior medial initial scan (ms) 1.1 6 0.1 (0.8–1.4) 0.024*

Ratio AP medial followup scan (ms) 1.0 6 0.1 (0.6–1.2)

D ratio AP medial 0.1 (95% CI, 0-0.2)

*Statistical significance; ROI = regions of interest; CI = confidence interval.
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complex with a variety of biomechanical and biologic
processes involved [28, 35, 44].

Considering the whole cohort, the mean global %DT1r
was 1%, demonstrating that on average very little change in
the overall articular cartilage health took place, although
we did detect regional differences (reduction in T1r value
anteriorly, increase in T1r value posteriorly). In two cross-
sectional, observational studies of asymptomatic hips,
nonuniform T1r values have been described with in-
creasing T1r values detected from anterior to posterior [40,
45]. In this longitudinal cohort, similar T1r values were
seen at the baseline scan between the anterolateral (34 ms)
and posterolateral (33 ms) ROIs; however, at followup, the
T1r values were higher for posterolateral (36 ms) com-
pared with anterolateral (32 ms). This positive change
(increased T1r signal) in the posterolateral zone would
suggest arthritis progression within regions other than the
anterolateral zone. The cause of these findings calls for
further studies; for example, it could represent arthritis
progression secondary to (1) impingement in the super-
oposterior region, which would typically occur in 90° of
flexion in a hip with a cam anterosuperiorly; or (2) micro-
instability–anterior impingement could lead to counter-coup
injury posteriorly, a mechanism precipitated by lesser degrees
of acetabular cover or lastly secondary to the action of the
inflammatory mediators within the hip with cam FAI [23]. It
is evident that further (in vitro and in vivo) studies are needed

that would address these mechanical and molecular hypoth-
eses. Such studies would study the areas of hip impingement
with three-dimensional modeling work and identify potential
microinstability of the hip, correlating the findings with car-
tilaginous mapping. Additionally, an animal model of the
disease could help us determine what contributes to the
changes and in what topographic order. To study the contri-
bution of inflammation, histologic and immunologic analysis
from the synovial fluid and other regions of the joint from
patients in the various stages of the pathologic process would
be necessary.

With only two patients who developed symptoms over
the relatively short followup interval (2-6 years) in this
study, we were not able to determine whether T1r changes
were predictive of symptom onset. Whether asymptomatic
individuals with cam morphology should be under sur-
veillance is a matter of debate. However, this group of
patients already exhibited signs of degeneration compared
with normal individuals [5], and it would appear that for the
most part they still remain asymptomatic within 5 years.
This is consistent with other reports showing that certain
patients with cam morphology can remain free of arthritic
symptoms [3]. The findings of this cohort would argue that
surveillance with the newest generation MRI modalities is
not currently indicated in patients within 5 years of fol-
lowup. One of the two volunteers with a clinically impor-
tant reduction in the proteoglycan content (as per %DT1r)

Fig. 2 Scatter box of %DT1r seen in the anterolateral ROI (y-axis, plotted against DWOMAC).
Dashed lines represent boundaries of significance (6 17.6% of change between scans).
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was a patient with a decreased WOMAC score. In this
cohort, there were two volunteers with a reduction in
WOMAC score by followup, and only one showed a
clinically important increase in T1r (%DT1r of -26% in
anterolateral ROI). What factors might cause the onset of
hip pain is unclear, and certainly one could argue that

patient symptomatology probably is the most effective way
to monitor those patients. For the asymptomatic individual
with cam morphology, our current understanding of the
clinical relevance of the observed T1r signal changes and
their relationship with patient-reported outcome measures
necessitates further investigation. Furthermore, such stud-
ies should include and compare the various advanced MR
techniques (dGEMRIC, T2, T1r) as part of crossvalidation
because they probe different biologic changes that occur in
cartilage degeneration.

The only morphologic parameter that showed a positive
correlation with T1rwas the degree of acetabular coverage
when there was greater coverage anteriorly; we detected a
smaller increase in %DT1r. Two cohort studies [4, 9]
reported a protective role of acetabular coverage reflected
through the center-edge angle (a radiographic measure of
the degree of femoral head coverage the acetabulum pro-
vides) on the degree of cartilage damage in cam-type FAI.

In conclusion, in this small longitudinal study, we found
that only two of 17 individuals with asymptomatic cam
morphologies developed clinically important progression
of cartilage degeneration as measured by T1r, and of those,
only one developed symptoms. By studying several bony
parameters, we found that decreasing acetabular coverage,
particularly anterosuperiorly, was associated with increased
articular cartilage degeneration as measured by T1r. Reduced
acetabular coveragemay increase the likelihood that preclinical
cartilage degeneration will arise within 2 to 6 years. Future

Table 4. Correlations tested for the different bony parameters
and the %DT1r in the anterolateral ROI

Bony parameter
Correlation with
%DT1r in AL ROI

Anterosuperior alpha angle (1:30) (°) r = -0.1, p = 0.680

Anterior alpha angle (3:00) (°) r = -0.1, p = 0.745

Neck-shaft angle (°) r = -0.1, p = 0.637

Femoral anteversion (°) r = 0.1, p = 0.748

Acetabular abduction (°) r = 0.2, p = 0.437

Acetabular anteversion (°) r = -0.1, p = 0.888

Anterior subtended angle (°) r = 0.6, p = 0.012*

Antero-superior subtended angle (°) r = 0.6, p = 0.017*

Superior subtended angle (°) r = 0.6, p = 0.024*

Posterior subtended angle (°) r = 0.5, p = 0.034*

Pelvic incidence (°) r = 0.1, p = 0.648

Sacral slope (°) r = -0.3, p = 0.323

Spinopelvic tilt (°) r = 0.2, p = 0.432

*Correlations of significance; r = Spearman’s rho; AL =
anterolateral; ROI = region of interest.

Fig. 3 Scatterplot of baseline T1p in the anterolateral ROI plotted against the percentage
change in T1p in the anterolateral ROI.
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longitudinal studies should include larger cohorts and the study
of subclinical degeneration should perhaps include histologic
and immunologic assessments of the hip’s structures.
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