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Background: Cam-type femoroacetabular impingement syndrome (FAIS) is characterized by a nonspherical femoral head,
routinely corrected via arthroscopic cam resection. Although postoperative radiographic measurements are widely used to
assess resection quality, whether these objective structural metrics translate into improved patient-reported outcomes
(PROs) remains unclear.

Purpose: To determine whether postoperative alpha angle is associated with PROs following arthroscopic surgery for cam-
type FAIS.

Methods: This retrospective case series included 95 patients undergoing hip arthroscopy for FAIS. Alpha angles were
measured on anteroposterior (AP), 45° Dunn, and frog-leg lateral views. PROs (iIHOT-33, NAHS, HOS-SP, HOS-ADL) were
collected preoperatively and at two-year follow-up. Postoperative alpha angle was analyzed continuously and categorically
(<55° vs =55°). Bivariate correlations were adjusted using the Benjamini-Hochberg False Discovery Rate (FDR). Nominally
significant associations were evaluated in multivariable linear regression adjusting for baseline PROs, preoperative alpha
angle, age, sex, and BMI.

Results: Postoperative alpha angles decreased across all views (p<0.001, <55° achieved in 75-82%). All PROs improved
significantly at two-year follow-up (p<0.001). Bivariate analyses showed weak-to-fair correlations between alpha angles on
45° Dunn and frog-leg views and selected PROs, but none on AP views. After adjustment, no bivariate correlations
remained statistically significant (45° Dunn - NAHS was borderline, FDRp=0.050). In multivariable analyses, higher 45° Dunn
alpha angle remained associated with lower NAHS (B=-0.483, p=0.037) and HOS-ADL (B=-0.471, p=0.037). Frog-leg
associations did not persist after adjustment, and categorical analyses were not significant.

Conclusion: Postoperative alpha angle showed weak-to-fair, unadjusted associations with selected two-year PROs, with the
most consistent findings observed on 45° Dunn radiographs. These findings highlight the importance of radiographic
projection when interpreting postoperative alpha-angle measurements and support considering alpha angle alongside
clinical and patient-level factors rather than as an isolated indicator of outcome.

What this study adds: This study identified view-specific associations between postoperative alpha angle and selected
PROs, with the most consistent associations observed on 45° Dunn radiographs.

How this study might affect research, practice or policy: Postoperative alpha angle should be interpreted in the context of
the radiographic projection used and alongside other clinical and patient-level factors when evaluating postoperative
outcomes.

Study Design: Retrospective case series

Level of Evidence: Level IV
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Introduction

Cam-type femoroacetabular impingement syndrome (FAIS) is
a common cause of hip pain, particularly in young and
middle-aged adults, and is characterized by abnormal bony
morphology at the femoral head-neck junction [1][2][3]. This
morphology can cause repetitive contact between the
femoral head and acetabulum, contributing to cartilage and
labral injury, pain, functional limitation, and an increased risk
of early osteoarthritis [2][4][5]. When non-surgical
management fails to adequately control symptoms,
arthroscopic cam resection is a widely used treatment aimed
at restoring femoral head-neck morphology, addressing
associated intra-articular pathology, and improving clinical
outcomes [6][7][8]. Despite generally favorable outcomes
following hip arthroscopy [9][10][11], some patients
experience persistent symptoms, which may require revision
surgery or conversion to total hip arthroplasty [12][13][14].
Therefore, identifying factors associated with postoperative
outcomes remains clinically important.

Several preoperative factors have been associated with
poorer outcomes following hip arthroscopy, including joint
parameters such as larger cam deformity and more
extensive cartilage damage [15][16][171[18][19], as well as
patient-related factors, including older age, higher body mass
index (BMI), and longer symptom duration prior to surgery
[16][17][18][19]. Postoperatively, residual cam morphology is
commonly assessed on plain radiographs using the alpha
angle, which reflects asphericity at the femoral head-neck
junction [20][21][22][23]. Alpha angle can be measured on
several radiographic views, such as the AP pelvis, frog-leg
lateral, 45° Dunn, 90° Dunn, and cross-table lateral views, to
provide different profiles of the femoral head-neck junction [g]
[12][24]. Thresholds used to define cam morphology vary,
although alpha angles >50—55° have commonly been used,
with higher angles indicating more severe deformity [21][22]
[23][25]. Postoperative reduction below this threshold or a
>20° decrease from baseline has been used to define
adequate radiographic correction [20][22][26][27]. The alpha
angle is a practical, objective measure of residual cam
morphology, but its clinical relevance depends on whether
postoperative measurements are associated with patient-
reported outcomes.

Despite widespread use of radiographic parameters such as
the alpha angle, evidence regarding their association with
patient outcomes remains inconsistent [10][12](28][29]. A
2014 systematic review reported that restoring the alpha
angle to <55° was associated with improved patient-reported
outcomes (PROs) [22]; however, several subsequent studies
did not demonstrate a consistent association [10][28][30][31]
[32]. In 2021, a systematic review similarly found no
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consistent association between radiographic correction and
clinical outcomes [12]. Comparisons across studies are
limited by substantial methodological heterogeneity,
including variation in radiographic projections, measurement
thresholds, and outcome assessment [12]. Whether these
associations are consistent across radiographic projections
remains incompletely characterized.

Therefore, the purpose of this study was to examine whether
postoperative alpha angle, analyzed continuously and using
<55° as an operational threshold for cam morphology
correction, was associated with PROs following arthroscopic
surgery for cam-type FAIS. We hypothesized that lower
postoperative alpha angles would be associated with better
PROs at approximately two-year follow-up.

Materials and Methods
Patient Selection

This study involved a retrospective analysis of patients who
underwent primary hip arthroscopy for FAIS between 2015
and 2019 by the principal investigator (ILW.), an orthopedic
surgeon with fellowship training in Sports Medicine and over
10 years of experience, at the Queen Elizabeth Il Health
Sciences Center in Halifax, Nova Scotia. Ethical approval was
obtained from the Nova Scotia Health Institutional Review
Board (File #: 1020557). Due to the retrospective nature of
the study, the requirement for informed consent to
participate was waived by the Ethics Committee.

Inclusion criteria were preoperative radiographic signs of
cam-type impingement (alpha angle >55° measured on the
weight-bearing AP, frog-leg lateral, or 45° Dunn view) and
postoperative plain radiographs in at least one view.
Exclusion criteria were radiographic signs of pincer or mixed
impingement (a lateral center-edge angle (LCEA) >40° or a
positive crossover sign on the AP pelvic radiograph); history
of femoral neck or proximal femur fracture; and treatment for
concomitant hip pathology, including hip dysplasia (LCEA
<20°), avascular necrosis, or severe pre-existing cartilage loss
or damage. Additionally, due to the focus on PROs, patients
were also excluded if they were receiving workers'
compensation or long-term disability benefits, or if PRO data
were insufficient (e.g., incomplete surveys or loss to follow-

up).
Clinical and Radiographic Data Collection

Demographic and surgical information including age, sex,
operative side, weight, height, BMI, date of surgery, and
whether the patient underwent subsequent revision surgery
were extracted from patient charts. Patients had plain
radiographs (weight-bearing AP, frog-leg lateral, and/or 45°
Dunn views) performed pre- and postoperatively. The alpha
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angle was measured by determining a best-fit circle around
the femoral head and measuring the angle between two lines
drawn from its center: one to the midpoint of the femoral
neck and the other to the point at which the femoral head
contour deviates from the best-fit circle (Figure 1) [33][34].
For categorical analyses, postoperative alpha angles were

classified as <55° or 255°, with <55° used as an operational
radiographic threshold for cam morphology correction. Alpha
angle was measured on all three views, if available, by a
single fellowship-trained orthopaedic sports medicine
surgeon and subsequently confirmed by the principal
investigator.

Figure 1. Example measurement of the alpha angle on preoperative and postoperative radiographs in the 45° Dunn view.

Patient-Reported Outcomes

PROs were collected using validated, self-report instruments
widely used in hip arthroscopy research: the 33-item
International Hip Outcome Tool (iIHOT-33), Non-Arthritic Hip
Score (NAHS), and Hip Outcome Score Activities of Daily
Living (HOS-ADL) or Sport Score (HOS-SP) [8][35][36]. The
iHOT-33 consists of 33 items covering symptoms and
function, sports and recreation, job-related concerns, and
social and emotional well-being [37]. Responses are recorded
on a visual analog scale and converted to a scale from 0 to
100, with the total score calculated as the average of all
completed items [37]. The NAHS includes 20 questions
assessing pain, mechanical symptoms, function, and activity
limitations, and uses a scoring system from 0 to 100 [38].
The HOS-ADL and HOS-SP scales contain 17 items and 9
items, respectively. Across all instruments, higher scores
indicate better PROs [37]. These instruments were selected
based on their established measurement properties following
PROs preoperatively and at annual follow-up visits. Two-year
follow-up was defined as the primary target time point for
PRO assessment. When 2-year data were unavailable, 3-year
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follow-up data were used to capture short-term postoperative
outcomes.

Statistical Analysis

Statistical analyses were conducted using RStudio (version
2024.12.0+467; Posit PBC, Boston, MA). A two-tailed
significance (alpha) level of 0.05 was used for all tests.
Descriptive statistics were used to summarize the study
population. Continuous variables (age, BMI) were reported as
mean + standard deviation (SD), and categorical variables
(sex, surgical side) as frequencies and percentages.

Pre- and postoperative alpha angles and PROs were
compared using either paired t-tests or Wilcoxon signed-rank
tests, depending on the results of the Shapiro-Wilk test for
normality. Mean follow-up time for each PRO was calculated
and reported as mean + SD.

Bivariate correlation analyses were performed to assess the
direction and strength of associations between postoperative
alpha angles and PROs. For continuous postoperative alpha
angles and PROs, Pearson’'s product-moment correlation or
Spearman’s rank correlation was used, depending on the
normality of the data. Associations between continuous
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PROs and the postoperative alpha angle category (<55° vs
>55°) were assessed using point-biserial correlation [43][44].
Correlations were classified by absolute value as weak (<0.3),
fair (0.3-0.49), moderate (0.5-0.69), or strong (>0.7) [45][46]
[47]. To account for multiple comparisons across
radiographic views and outcome measures, p-values were
adjusted using the Benjamini-Hochberg False Discovery Rate
(FDR) procedure. Adjusted p < 0.05 was considered
statistically significant. All correlation coefficients are
reported with 95% confidence intervals (95% Cls).

To further evaluate associations identified in the bivariate
analyses, multivariable linear regression models were
performed with postoperative PRO scores as the dependent
variables and postoperative alpha angle as the primary
independent variable. Regression analyses were restricted to
radiographic-PRO associations that demonstrated nominal
statistical significance in the bivariate analyses (p < 0.05).
Each multivariable linear regression model was adjusted for
the corresponding preoperative PRO score, preoperative

alpha angle measured on the same radiographic view, age,
sex, and BMI. These covariates were selected to account for
baseline  outcome
morphology,  and

status, preoperative  radiographic
patient  characteristics.
Multicollinearity among predictors was assessed using
variance inflation factors (VIFs), with VIF values <2.5
considered acceptable. Unstandardized regression
coefficients (B), 95% confidence intervals (95% Cls), and p-

values were reported.

relevant

Results
Patient Selection and Baseline Characteristics

Of 695 patients who underwent hip arthroscopy for FAIS
between 2015 and 2019, 95 participants were included in the
study (Figure 2).

Participant demographic and baseline characteristics are
summarized in Table 1.

Patients undergoing hip arthroscopy for FAIS between 2015-2019 (n = 695)

Enrollment

)
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Excluded (n = 600)

- No Cam-type impingement confirmed by
radiograph

- Concomitant or confounding surgical
procedures

- Concomitant or confounding symptoms

- Missing radiographs due to inaccessible
imaging

Included for analysis (n = 95)

Included

Figure 2. Participant Flow Diagram.
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Table 1. Patient demographics and baseline characteristics (n=95).

Baseline Value

Age, years; mean (SD) 34.45(11.46)
Body Mass Index, kg/m? mean (SD) 25.27 (4.88)
Sex

Female, n (%) 58 (61%)

Male, n (%) 37 (39%)
Operative Side

Left, n (%) 39 (41%)

Right, n (%) 56 (59%)

SD = standard deviation.

Pre- to Postoperative Changes

Postoperative radiographs were available for 95 (100%)
patients in the AP view, 89 (93.7%) in the frog-leg lateral view,
and 54 (56.8%) in the 45° Dunn view. Paired preoperative and
postoperative radiographs were available for 95 (100%), 86
(90.5%), and 47 (49.5%) patients, respectively, and were used
for the pre- to postoperative comparisons in Table 2. Alpha

angles decreased significantly from preoperative to
postoperative assessment across all three radiographic
views (p<0.001). Mean decreases in alpha angle were 13.7° in
the AP view, 10.4° in the frog-leg lateral view, and 19.2° in the
45° Dunn view (Table 2). Mean PRO follow-up time was 2.08
+ 0.27 years. All PROs improved significantly from pre- to

postoperative assessment (p<0.001; Table 2).

Table 2. Pre- to postoperative changes in radiographic and patient-reported outcomes.

‘| ‘| n H Preoperative | Postoperative | p-value
Radiographic Outcomes
AP view alpha 95 64.93 £ 18.99 51.28+13.73 <0.001*
angle
Frog-leg Lateral 86 57.09 £ 12.76 46.67 £ 8.76 <0.001*
view alpha angle
45° Dunn view 47 68.15+7.90 48.98+9.34 <0.001*
alpha angle
Patient-Reported Outcomes
iHOT-33 score 75 42.74+19.08 79.27 +21.51 <0.001*
NAHS score 47 51.40 £ 15.25 70.85+10.59 <0.001*
HOS-ADL score 52 70.62 +16.60 92.45+10.87 <0.001*
HOS-SP score 52 48.72 +21.44 86.93+19.26 <0.001*

Note: Asterisks (*) indicate statistical analysis using Wilcoxon signed-rank tests. P-values represent pre- to postoperative
differences, and bolded p-values indicate statistical significance (p<0.05). Abbreviations: AP = anteroposterior. iHOT-33 = 33-
item International Hip Outcome Tool. HOS-ADL = Hip Outcome Score, Activities of Daily Living. HOS-SP = Hip Outcome Score,
Sports. NAHS = Non-Arthritic Hip Score. n = number of patients with paired preoperative and postoperative data available for

each outcome.

Postoperative Alpha Angle and Revision Surgery

Postoperative alpha angles <55° were observed in 75%
(n=71/95) of patients on AP views, 82% (73/89) on frog-leg
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lateral views, and 76% (41/54) on 45° Dunn views. One
patient (1.1%, 1/95) underwent revision surgery and had a
postoperative alpha angle =55° on all three radiographic
views.
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Correlation Analysis

Continuous postoperative alpha angles and PROs violated
the assumption of normality; therefore, Spearman’s rank
correlations were used to assess associations between
continuous alpha angles and PROs. Associations between
PROs and the postoperative alpha angle category (<55° vs
>55°) were assessed using point-biserial correlations.

In bivariate analyses, postoperative iHOT-33 scores were not
significantly associated with postoperative alpha angle,
analyzed either continuously or postoperative alpha angle
category on any radiographic view (Table 3). Higher
postoperative NAHS scores showed a weak correlation with
lower postoperative frog-leg lateral alpha angle (r=-0.236,
p=0.029) and a fair correlation with lower postoperative 45°
Dunn alpha angle (r=-0.454, p=0.001). The postoperative 45°

Dunn alpha angle category also showed a fair correlation
with NAHS (r=0.412, p=0.003). Higher postoperative HOS-
ADL scores showed a fair correlation with lower
postoperative 45° Dunn alpha angle (r=-0.387, p=0.006) and
with the postoperative 45° Dunn alpha angle category
(r=0.371, p=0.009). Higher postoperative HOS-SP scores
showed a weak correlation with lower postoperative frog-leg
lateral alpha angle (r=-0.265 p=0.016) and with the
postoperative frog-leg lateral alpha angle category (r=0.240,
p=0.029). After adjustment for multiple comparisons using
the Benjamini-Hochberg false discovery rate, none of the
associations clearly remained statistically significant at an
FDR-adjusted p-value <0.05. The strongest association was
between the 45° Dunn alpha angle and NAHS (FDR p =
0.050), while the corresponding categorical analysis was not
significant after FDR adjustment (FDR p = 0.078) (Table 3).

Table 3. Correlation coefficients between radiographic and patient-reported outcomes.

Postoperative Patient-Reported Postoperative Radiographic Correlation Coefficient val FDR p-
Outcome Outcome r(95% Cl) p-value value
AP alpha angle 0.057(-0.17 t0 0.27) 0.595 0.713
Frog-leg alpha angle -0.118(-0.34t0 0.12) 0.277 0.504
45° Dunn alpha angle -0.262(-0.52 t0 0.02) 0.066 0.287
iHOT-33 score AP alpha angle <55° vs >55° -0.080(-0.28 t0 0.13) 0.453 0.572
Frogrleg alpha angle <557 vs 0.145(:0.06 t0 0.37) 0.182 0.437
45" Dunn alpfa angle <557 vs 0.270(-0.07 to 0.56) 0.058 0.287
AP alpha angle 0.095(-0.11 t0 0.29) 0.371 0.539
Frog-leg alpha angle -0.236(-0.45t0-0.01) 0.029 0.198
45° Dunn alpha angle -0.454(-0.65 t0 -0.20) 0.001 0.050
NAHS score AP alpha angle <55° vs 255° -0.104(-0.26 t0 0.08) 0.329 0.535
Frogrleg alpha angle <557 vs 0.180(-0.05 to 0.41) 0.097 0.360
45" Dunn alpfa angle <557 vs 0.412(0.12 t0 0.66) 0.003 | 0078
AP alpha angle 0.045(-0.16 t0 0.25) 0.675 0.748
Frog-leg alpha angle -0.171(-0.37 t0 0.05) 0.116 0.371
45° Dunn alpha angle -0.387(-0.59 to -0.14) 0.006 0.097
HOS-ADL score AP alpha angle <55° vs >55° -0.118(-0.25 t0 0.04) 0.266 0.504
Frogrleg alpha angle <557 vs 0.146(:0.09 to 0.41) 0.180 0.437
45" Dunn alpfia angle <557 vs 0.371(0.03 10 0.63) 0.009 | 0104
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Postoperative Patient-Reported Postoperative Radiographic Correlation Coefficient val FDR p-
Outcome Outcome r(95% ClI) p-vaiue value
AP alpha angle 0.092(-0.12 t0 0.30) 0.395 0.542

Frog-leg alpha angle -0.265(-0.46 t0 -0.05) 0.016 0.150

45° Dunn alpha angle -0.271(-0.53 t0 0.01) 0.063 0.287

HOS-SP score AP alpha angle <55° vs >55° -0.117(-0.27 t0 0.07) 0.281 0.504
Frog-leg a'ngg‘g'e <557vs 0.240(-0.02 to 0.47) 0.029 0.198

457 bunn a'pfg)aS?”g'e <557vs 0.235(-0.11 t0 0.51) 0.107 0.368

Abbreviations: AP = anteroposterior. iIHOT-33 = 33-item International Hip Outcome Tool. HOS-ADL = Hip Outcome Score,
Activities of Daily Living. HOS-SP = Hip Outcome Score, Sports. NAHS = Non-Arthritic Hip Score. FDR = False Discovery Rate.
Categorical analyses used a postoperative alpha angle threshold of <55° versus >55°. Bolded p-values indicate statistical

significance (p<0.05).

Multivariable Regression Analysis

In  multivariable linear regression analyses, higher
postoperative alpha angle on the 45° Dunn view was
associated with lower postoperative NAHS after adjustment
for preoperative NAHS, preoperative alpha angle, age, sex,
and BMI (B = -0.483, 95% Cl -0.934 to -0.032; p = 0.037).

Similarly, higher postoperative 45° Dunn alpha angle was

associated with lower postoperative HOS-ADL (B = -0.471,
95% CI -0.910 to -0.033; p = 0.037) after adjustment for the
same covariates. In contrast, postoperative alpha angle
measured on the frog-leg view was not associated with
postoperative NAHS or HOS-SP after adjustment. Categorical
analyses using the 55° threshold also demonstrated no
significant adjusted associations for 45° Dunn alpha angle
and NAHS or frog-leg alpha angle and HOS-SP (Table 4).

Table 4. Multivariable associations between postoperative alpha angle and patient-reported outcomes.

Eg%toperatwe Radl\(/)ige:zphw Predictor Beta (B) 95% Cl Lower 95% Cl Upper p-value
NAHS 45° Dunn Continuous -0.483 -0.934 -0.032 0.037
NAHS Frog-leg Continuous -0.007 -0.327 0.313 0.964
HOS-ADL 45° Dunn Continuous -0.471 -0.910 -0.033 0.037
HOS-SP Frog-leg Continuous -0.154 -0.885 0.577 0.672
NAHS 45° Dunn <55° vs 255° 4.830 -8.040 17.699 0.438
HOS-SP Frog-leg <55° vs >55° -2.793 -19.283 13.698 0.734

Abbreviations: NAHS = Non-Arthritic Hip Score. HOS-ADL = Hip Outcome Score, Activities of Daily Living. HOS-SP = Hip
Outcome Score, Sports. Cl: Confidence Interval. Categorical analyses used a postoperative alpha angle threshold of <55° versus

>55°. Bolded p-values indicate statistical significance (p<0.05).

Discussion

The principal finding of this study was that postoperative
alpha angle was associated with selected PROs, although the
observed associations were weak to fair and differed across
radiographic projections. On 45° Dunn radiographs, higher
postoperative alpha angles were associated with lower
postoperative NAHS and HOS-ADL scores after adjustment
for preoperative PRO score, preoperative alpha angle, age,
sex, and BMI. In contrast, the nominal associations observed
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on frog-leg lateral radiographs in the unadjusted analyses did
not persist after adjustment, and no significant associations
were observed on AP radiographs. Analyses using <55° as an
operational threshold for cam morphology correction also did
not demonstrate significant adjusted associations. Overall,
these findings suggest that the relationship between
postoperative alpha angle and patient-reported outcomes
was modest and varied according to radiographic projection
and analytic approach, with the most consistent evidence
observed for continuous alpha angle measured on the 45°
Dunn view.
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This projection-specific pattern may reflect differences in the
regions of the femoral head-neck junction visualized by each
radiographic view [8][12][24]. Although there is no
standardized imaging protocol for assessing cam
morphology [12][20][35][48], lateral and oblique projections
are often preferred because they best profile the regions
[53]. Specifically, the 45° view profiles the
anterosuperior head-neck junction [6][33][51][52], and the
frog-leg lateral view profiles the anterolateral region [49][51]
[53], providing complementary visualization of the femoral
head-neck junction. Anatomical overlap on AP radiographs
may obscure portions of the femoral head-neck contour [51]
[53]. These findings highlight the importance of radiographic
projection when interpreting postoperative alpha-angle
measurements.

Dunn

Previous studies investigating postoperative radiographic
morphology and PROs have reported inconsistent findings,
with some reporting significant associations [22][23][54][55]
in radiographic technique [12] and measurement thresholds
[12] may contribute to this variability. Postoperative
outcomes may also reflect factors beyond cam morphology
correction, including age [11][15][17][16][18][54], BMI [17][54]
[59], sex [16][17], preoperative symptom duration [18][19],
preoperative  PROs [18][59], coexisting musculoskeletal
diagnoses [16], and joint characteristics, including decreased
joint space and osteoarthritis [11][16][17][18], hip morphology
reinforce the importance of interpreting radiographic findings
within the broader clinical context.

Postoperative alpha angle provides a radiographic measure
of cam morphology correction, but it should not be
interpreted as a direct measure of clinical outcome. Its
limited and projection-specific associations with PROs
support its interpretation as one component of the
postoperative assessment alongside clinical and patient-level
factors.

Strengths and Limitations

The main strengths of this study include consistency in
surgical expertise and technique, as all surgeries were
performed by a single, fellowship trained, orthopaedic
surgeon with over a decade of experience in hip arthroscopy.
Additionally, multiple PRO instruments specifically validated
for measuring outcomes after hip arthroscopy for FAIS were
used [38][39]140][41].

This study also has several limitations. Its retrospective case-
series design and relatively small sample size limit
generalizability.  Although multivariable analyses were
performed to account for several measured baseline
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characteristics, potentially relevant factors such as cartilage
status, labral pathology, symptom duration, and other clinical
characteristics were not included in the models; therefore,
residual confounding cannot be excluded. In addition, the
multivariable analyses were restricted to associations that
demonstrated nominal statistical significance in the bivariate
analyses and should therefore be interpreted as adjusted
analyses of selected associations rather than confirmatory
hypothesis tests. Imaging availability differed across
radiographic projections, with frog-leg lateral and 45° Dunn
imaging unavailable in a subset of patients. This is
particularly relevant to the 45° Dunn analyses, where the
largest observed associations were derived from a smaller
subset of patients, potentially introducing bias and limiting
precision and generalizability. Furthermore, formal inter- and
intraobserver reliability testing was not conducted for the
radiographic measurements in this study cohort. Although all
measurements were performed by a single experienced
investigator using a standardized protocol, the lack of cohort-
specific reliability metrics remains a potential source of
observer variability.

Finally, two-dimensional radiographs incompletely
characterize the complex three-dimensional morphology of
the femoral head-neck junction. Although advanced imaging
modalities such as Magnetic Resonance Imaging (MRI)
provide more comprehensive morphological assessment,
they are resource intensive and are not routinely used for

postoperative assessment in most clinical settings [52][62].
Conclusion

Postoperative alpha angle showed weak-to-fair, unadjusted
associations with selected two-year PROs, with the most
consistent findings observed on 45° Dunn radiographs.
These findings highlight the importance of radiographic
projection when interpreting postoperative alpha-angle
measurements and support considering alpha angle
alongside clinical and patient-level factors rather than as an
isolated indicator of outcome. Further prospective studies
using standardized multi-view imaging and appropriately
adjusted multivariable analyses are needed to better define
the relationship between postoperative radiographic
morphology and patient-reported outcomes.

Open access statement

This is an open-access article distributed under the terms of
the Creative Commons Attribution Non-Commercial (CC BY-
NC 4.0, see https:/creativecommons.org/licenses/by-
nc/4.0/) licence, which permits the sharing and adapting
work, as long as it is for non-commercial purposes and
proper credit is given to the original creator.

8/12


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Funding Source

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Authors’ Contributions

C.L. contributed to data curation and writing the original draft.
A.B. led the writing—review and editing and contributed to
methodology and project administration. J.H. contributed to
formal analysis, visualization, and writing—review and editing.
F.L.and J.M. contributed to project administration and writing
—review and editing. /W contributed to conceptualization,
methodology, resources, supervision, and writing—review and
editing. All authors reviewed and approved the final
manuscript.

Conflict of Interest

CL, AB, JH, FL and JM declare no conflicts of interest. /W
reports relationships with Arthrex Inc, CONMED Corporation,
DePuy Mitek, Smith & Nephew, and VALD, including
consulting/advisory roles and speaking or lecture fees. /W
reports a relationship with Bioventus LLC limited to speaking
and lecture fees. /W also serves on the editorial boards of the
American Journal of Sports Medicine, Arthroscopy, and The
HIVE Musculoskeletal Journal, and is an associate editor for
the Orthopaedic Journal of Sports Medicine. /W is a board or
committee member for AANA, ISAKOS, and AAC.

Ethical Consideration and Consent to Participate

This study was conducted in accordance with the principles
of Helsinki. Ethical approval was obtained from the Nova
Scotia Health Institutional Review Board (File #: 1020557).
Due to the retrospective nature of the study, the requirement
for informed consent to participate was waived by the Ethics
Committee.

Data Availability Statement

Restricted Due to Privacy/Ethics - The data supporting this
study are not publicly available due to privacy and ethical
restrictions but can be obtained from the corresponding
author upon reasonable request, subject to institutional
approval.

References

1. Agricola R, Waarsing JH, Thomas GE, Carr AJ, Reijman M,
Bierma-Zeinstra SMA, et al. Cam impingement: defining
the presence of a cam deformity by the alpha angle: Data
from the CHECK cohort and Chingford cohort.
Osteoarthritis  Cartilage. 2014 Feb 1;22(2):218-25.
doi:10.1016/j.joca.2013.11.007

The Hive - Musculoskeletal Journal

2. Clohisy JC, Baca G, Beaulé PE, Kim YJ, Larson CM, Millis
MB, et al. Descriptive Epidemiology of Femoroacetabular
Impingement: A North American Cohort of Patients
Undergoing Surgery. Am J Sports Med. 2013 Jun
1;,41(6):1348-56. doi:10.1177/0363546513488861

3. Lee WY, Kang C, Hwang DS, Jeon JH, Zheng L. Descriptive
Epidemiology ~ of  Symptomatic =~ Femoroacetabular
Impingement in Young Athlete: Single Center Study. Hip
Pelvis. 2016 Mar 31;28(1):29-34.
doi:10.5371/hp.2016.28.1.29

4. Beck M, Kalhor M, Leunig M, Ganz R. Hip morphology
influences the pattern of damage to the acetabular
cartilage: femoroacetabular impingement as a cause of
early osteoarthritis of the hip. J Bone Joint Surg Br. 2005
Jul:87(7):1012-8.  doi:10.1302/0301-620X.87B7.15203
PubMed PMID: 15972923.

5. Ganz R, Parvizi J, Beck M, Leunig M, Notzli H, Siebenrock
KA. Femoroacetabular impingement: a cause for
osteoarthritis of the hip. Clin Orthop. 2003 Dec;(417):112—
20. doi:10.1097/01.bl0.0000096804.78689.c2  PubMed
PMID: 14646708.

6. Hassan MM, Farooqi AS, Feroe AG, Lee A, Cusano A,
Novais E, et al. Open and arthroscopic management of
femoroacetabular impingement: a review of current
concepts. J Hip Preserv Surg. 2022 Dec 1;9(4):265-75.
doi:10.1093/jhps/hnac043

7.Dukas AG, Gupta AS, Peters CL, Aoki SK. Surgical
Treatment for FAI: Arthroscopic and Open Techniques for
Osteoplasty. Curr Rev Musculoskelet Med. 2019 Sep
1;12(3):281-90. doi:10.1007/s12178-019-09572-4

8. Geer R, Goldsmith C, Moley PJ. Femoroacetabular
Impingement (FAI): Current Clinical Approaches. Curr
Phys Med Rehabil Rep. 2021 Sep 1;9(3):70-8.
doi:10.1007/s40141-021-00309-4

9. Stahelin L, Stahelin T, Jolles BM, Herzog RF. Arthroscopic
offset restoration in femoroacetabular cam impingement:
accuracy and early clinical outcome. Arthrosc J Arthrosc
Relat Surg Off Publ Arthrosc Assoc N Am Int Arthrosc

Assoc. 2008 Jan;24(1):51-57.e1.
doi:10.1016/j.arthro.2007.08.010 PubMed PMID:
18182202.

10. Lund B, Mygind-Klavsen B, Grgnbech Nielsen T, Maagaard
N, Kraemer O, Holmich P, et al. Danish Hip Arthroscopy
Registry (DHAR): the outcome of patients with
femoroacetabular impingement (FAI). J Hip Preserv Surg.
2017 Jul 1;4(2):170-7. doi:10.1093/jhps/hnx009

11. Minkara AA, Westermann RW, Rosneck J, Lynch TS.
Systematic Review and Meta-analysis of Outcomes After
Hip Arthroscopy in Femoroacetabular Impingement. Am J
Sports Med. 2019 Feb 1,47(2):488-500.
doi:10.1177/0363546517749475

12.Cohen D, Khan A, Kay J, Slawaska-Eng D, Almasri M,
Simunovic N, et al. There is no definite consensus on the
adequate radiographic correction in  arthroscopic
osteochondroplasty for femoroacetabular impingement: a
systematic review and meta-analysis. Knee Surg Sports
Traumatol  Arthrosc. 2021 Sep 1;29(9):2799-818.
doi:10.1007/s00167-021-06645-1

13. Horner NS, Ekhtiari S, Simunovic N, Safran MR, Philippon
MJ, Ayeni OR. Hip Arthroscopy in Patients Age 40 or
Older: A Systematic Review. Arthrosc J Arthrosc Relat
Surg Off Publ Arthrosc Assoc N Am Int Arthrosc Assoc.

2017 Feb;33(2):464-475.e3.
doi:10.1016/j.arthro.2016.06.044 PubMed PMID:
27625005.

9/12



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Schairer WW, Nwachukwu BU, McCormick F, Lyman S,
Mayman D. Use of Hip Arthroscopy and Risk of
Conversion to Total Hip Arthroplasty: A Population-Based
Analysis. Arthrosc J Arthrosc Relat Surg Off Publ Arthrosc
Assoc N Am Int Arthrosc Assoc. 2016 Apr;32(4):587-93.
doi:10.1016/j.arthro.2015.10.002 PubMed PMID:
26671201.

Mygind-Klavsen B, Lund B, Nielsen TG, Maagaard N,
Kraemer O, Holmich P et al. Danish Hip Arthroscopy
Registry: predictors of outcome in patients with
femoroacetabular impingement (FAI). Knee Surg Sports
Traumatol Arthrosc Off J ESSKA. 2019 Oct;27(10):3110~
20. doi:10.1007/s00167-018-4941-3  PubMed PMID:
29696319.

Kuroda Y, Saito M, Cinar EN, Norrish A, Khanduja V.
Patient-related risk factors associated with less
favourable outcomes following hip arthroscopy: a scoping
review. Bone Jt J. 2020 Jul 1;102-B(7):822-31.
doi:10.1302/0301-620X.102B7.BJJ-2020-0031.R1

Sogbein OA, Shah A, Kay J, Muzammil M, Simunovic N,
Belzile EL, et al. Predictors of Outcomes After Hip
Arthroscopic Surgery for Femoroacetabular Impingement:
A Systematic Review. Orthop J Sports Med. 2019
Jun;7(6). doi:10.1177/2325967119848982

Saadat E, Martin SD, Thornhill TS, Brownlee SA, Losina E,
Katz JN. Factors Associated With the Failure of Surgical
Treatment for Femoroacetabular Impingement: Review of
the Literature. Am J Sports Med. 2014 Jun 1;42(6):1487~
95. doi:10.1177/0363546513500766

Menge TJ, Briggs KK, Rahl MD, Philippon MJ. Hip
Arthroscopy for Femoroacetabular Impingement in
Adolescents: 10-Year Patient-Reported Outcomes. Am J
Sports Med. 2021 Jan 1,49(1):76-81.
doi:10.1177/0363546520973977

Reiman MP, Peters S, Sylvain J, Hagymasi S, Ayeni OR.
Prevalence and Consistency in Surgical Outcome
Reporting for Femoroacetabular Impingement Syndrome:
A Scoping Review. Arthrosc J Arthrosc Relat Surg. 2018
Apr 1;34(4):1319-1328.€9.
doi:10.1016/j.arthro.2017.11.037

Ross JR, Larson CM, Adeoyo O, Kelly BT, Bedi A. Residual
Deformity Is the Most Common Reason for Revision Hip
Arthroscopy: A Three-dimensional CT Study. Clin Orthop.
2015 Apr;473(4):1388-95. doi:10.1007/s11999-014-4069-
9

de SA D, Urquhart N, Philippon M, Ye JE, Simunovic N,
Ayeni OR. Alpha angle correction in femoroacetabular
impingement. Knee Surg Sports Traumatol Arthrosc. 2014
Apr 1;22(4):812-21. doi:10.1007/s00167-013-2678-6

Zhuo H, Wang X, Liu X, Song GY, Li Y, Feng H. Quantitative
evaluation of residual bony impingement lesions after
arthroscopic  treatment  for isolated pincer-type
femoroacetabular impingement using three-dimensional
CT. Arch Orthop Trauma Surg. 2015 Aug;135(8):1123-30.
doi:10.1007/s00402-015-2245-3 PubMed PMID:
25990374.

Atkins PR, Shin Y, Agrawal P, Elhabian SY, Whitaker RT,
Weiss JA, et al. Which Two-dimensional Radiographic
Measurements of Cam Femoroacetabular Impingement
Best Describe the Three-dimensional Shape of the
Proximal Femur? Clin Orthop. 2019 Jan;477(1):242-53.
doi:10.1097/CORR.0000000000000462 PubMed PMID:
30179924, PubMed Central PMCID: PMC6345307.

The Hive - Musculoskeletal Journal

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Johnston TL, Schenker ML, Briggs KK, Philippon MJ.
Relationship Between Offset Angle Alpha and Hip
Chondral Injury in Femoroacetabular Impingement.
Arthroscopy. 2008 Jun 1,24(6):669-75.
doi:10.1016/j.arthro.2008.01.010

Larson CM, Stone RM. Current concepts and trends for
operative treatment of FAIl: hip arthroscopy. Curr Rev
Musculoskelet ~ Med. 2013  Sep  1;6(3):242-9.
doi:10.1007/s12178-013-9170-2

Youngman TR, Wagner KJ, Montanez B, Johnson BL,
Wilson PL, Morris WZ, et al. The Association of @ Angle on
Disease Severity in Adolescent Femoroacetabular
Impingement. J Pediatr Orthop. 2021 Feb 1;41(2):88-92.
doi:10.1097/BP0.0000000000001703  PubMed  PMID:
33208669; PubMed Central PMCID: PMC7803481.

Perets |, Chaharbakhshi EO, Mu B, Ashberg L, Battaglia
MR, Yuen LC, et al. Hip Arthroscopy in Patients Ages
50 Years or Older: Minimum 5-Year Outcomes,
Survivorship, and Risk Factors for Conversion to Total Hip
Replacement. Arthrosc J Arthrosc Relat Surg. 2018 Nov
1;34(11):3001-9. doi:10.1016/j.arthro.2018.05.034

Holleyman R, Sohatee MA, Lyman S, Malviya A, Khanduja
V, Bankes MJK, et al. Hip arthroscopy for
femoroacetabular impingement is associated with
significant improvement in early patient reported
outcomes: analysis of 4963 cases from the UK non-
arthroplasty registry (NAHR) dataset. Knee Surg Sports
Traumatol  Arthrosc. 2023  Jan  1;31(1):58-60.
doi:10.1007/s00167-022-07042-y

Briggs KK, Soares E, Bhatia S, Philippon MJ. Postoperative
alpha angle not associated with patient-centered midterm
outcomes following hip arthroscopy for FAI. Knee Surg
Sports  Traumatol Arthrosc Off J ESSKA. 2019
Oct;27(10):3105-9. doi:10.1007/s00167-018-4933-3
PubMed PMID: 29644385.

Ha YC, Lim JY, Won VS, Lee YK, Koo KH, Kim JW.
Outcomes of arthroscopic femoroplasty in patients with
cam lesions: Minimum 2-year follow-up. J Orthop Surg.
2020 May 1;28(2):2309499020942049.
doi:10.1177/2309499020942049

Lerch S, Kasperczyk A, Berndt T, Ruhmann O.

Ultrasonography  can  quantify the extent of
osteochondroplasty  after treatment of Cam-type
femoroacetabular impingement. Int  Orthop. 2015

May;39(5):853-8. doi:10.1007/s00264-014-2588-3
PubMed PMID: 25726001.

Barton C, Salineros MJ, Rakhra KS, Beaulé PE. Validity of
the alpha angle measurement on plain radiographs in the
evaluation of cam-type femoroacetabular impingement.
Clin Orthop. 2011 Feb;469(2):464-9. doi:10.1007/s11999-
010-1624-x PubMed PMID: 20953854; PubMed Central
PMCID: PMC3018186.

Notzli HR, Wyss TF, Stoecklin CH, Schmid MR, Treiber K,
Hodler J. The contour of the femoral head-neck junction
as a predictor for the risk of anterior impingement. J Bone
Joint  Surg Br. 2002 May 1;84-B(4):556-60.
doi:10.1302/03071-620X.84B4.0840556

Stone AV, Jacobs CA, Luo TD, Meadows MC, Nho SJ,
Stubbs AJ, et al. High Degree of Variability in Reporting of
Clinical and Patient-Reported Outcomes After Hip
Arthroscopy. Am J Sports Med. 2018 Oct 1;46(12):3040~
6.doi:10.1177/0363546517724743

Renouf J, Pergaminelis N, Tran P, Tirosh O, Fary C.
Prevalence and Trends of Patient-Reported Outcome
Measures Used in Hip Arthroscopy. Orthopedics. 2019
May;42(3):e305-8. doi:10.3928/01477447-20190403-06

10/12



37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

Mohtadi NGH, Griffin DR, Pedersen ME, Chan D, Safran
MR, Parsons N, et al. The Development and validation of a
self-administered quality-of-life outcome measure for
young, active patients with symptomatic hip disease: the
International Hip Outcome Tool (iHOT-33). Arthrosc J
Arthrosc Relat Surg Off Publ Arthrosc Assoc N Am Int
Arthrosc Assoc. 2012 May;28(5):595-605; quiz 606-
610.e1. doi:10.1016/j.arthro.2012.03.013 PubMed PMID:
22542433.

Christensen CP, Althausen PL, Mittleman MA, Lee J ann,
McCarthy JC. The nonarthritic hip score: reliable and
validated.  Clin  Orthop. 2003  Jan;(406):75-83.
doi:10.1097/01.bl0.0000043047.84315.4b PubMed PMID:
12579003.

Kemp JL, Collins NJ, Roos EM, Crossley KM.
Psychometric properties of patient-reported outcome
measures for hip arthroscopic surgery. Am J Sports Med.

2013 Sep;41(9):2065-73.
doi10.1177/0363546513494173  PubMed  PMID:
23835268.

Martin RL, Philippon MJ. Evidence of Reliability and
Responsiveness for the Hip Outcome Score. Arthrosc J
Arthrosc  Relat Surg. 2008 Jun 1,24(6):676—82.
doi:10.1016/j.arthro.2007.12.011

. Martin RL, Philippon MJ. Evidence of Validity for the Hip

Outcome Score in Hip Arthroscopy. Arthrosc J Arthrosc
Relat Surg. 2007 Aug 1,23(8):822-6.
doi:10.1016/j.arthro.2007.02.004

Ramisetty N, Kwon Y, Mohtadi N. Patient-reported
outcome measures for hip preservation surgery—a
systematic review of the literature. J Hip Preserv Surg.
2015 Feb 6;2(1):15-27. doi:10.1093/jhps/hnv002 PubMed
PMID: 27011811; PubMed Central PMCID: PMC4718480.

Demirtas H, and Hedeker D. Computing the Point-biserial
Correlation under Any Underlying Continuous Distribution.
Commun Stat - Simul Comput. 2016 Sep 13;45(8):2744~
57. doi:10.1080/03610918.2014.920883

Islam TU, and Rizwan M. Comparison of correlation
measures for nominal data. Commun Stat - Simul
Comput. 2020 Mar 9;51(3):698-714.
doi:10.1080/03610918.2020.1869984

Akoglu H. User's guide to correlation coefficients. Turk J
Emerg Med. 2018 Sep;18(3):91-3.
doi:10.1016/j.tjem.2018.08.0017 PubMed PMID: 30191186;
PubMed Central PMCID: PMC6107969.

Rovetta A. Raiders of the Lost Correlation: A Guide on
Using Pearson and Spearman Coefficients to Detect
Hidden Correlations in Medical Sciences. Cureus. 2020
Nov 30;12(11):e11794. doi:10.7759/cureus. 11794
PubMed PMID: 33409040; PubMed Central PMCID:
PMC7779167.

Schober P, Boer C, Schwarte LA. Correlation Coefficients:
Appropriate Use and Interpretation. Anesth Analg. 2018
May;126(5):1763-8.
doi:10.1213/ANE.0000000000002864  PubMed  PMID:
29481436.

Di Pietto F, Chianca V, de Ritis R, Cesarano E, Reginelli A,
Barile A, et al. Postoperative imaging in arthroscopic hip
surgery. Musculoskelet Surg. 2017 Mar 1;101(1):43-9.
doi:10.1007/s12306-017-0459-y

Espié A, Chaput B, Murgier J, Bayle-Iniguez X, Elia F,
Chiron P. 45°-45°-30°Frog-leg radiograph for diagnosing
cam-type anterior femoroacetabular impingement:
Reproducibility and thresholds. Orthop Traumatol Surg
Res. 2014 Dec 1;,100(8):843-8.
doi:10.1016/j.0tsr.2014.08.003

The Hive - Musculoskeletal Journal

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Shapira J, Owens JS, Jimenez AE, Maldonado DR,
Rosinsky PJ, Ankem HK, et al. Dunn View Alpha Angle
More Useful Than Femoral Head-Neck Offset to Predict
Acetabular  Cartilage Damage in Patients With
Femoroacetabular Impingement Syndrome Undergoing
Hip Arthroscopy. Arthrosc J Arthrosc Relat Surg Off Publ
Arthrosc Assoc N Am Int Arthrosc Assoc. 2022
Apr;38(4):1193-200. doi:10.1016/j.arthro.2021.08.039
PubMed PMID: 34537312.

Hipfl C, Titz M, Chiari C, Schopf V, Kainberger F, Windhager
R, et al. Detecting cam-type deformities on plain
radiographs: what is the optimal lateral view? Arch Orthop
Trauma  Surg. 2017 Dec  1;137(12):1699-705.
doi:10.1007/s00402-017-2793-9

Domayer SE, Ziebarth K, Chan J, Bixby S, Mamisch TC,
Kim VYJ. Femoroacetabular cam-type impingement:
Diagnostic sensitivity and specificity of radiographic
views compared to radial MRI. Eur J Radiol. 2011 Dec
1;80(3):805-10. doi:10.1016/j.ejrad.2010.10.016

Clohisy JC, Nunley RM, Otto RJ, Schoenecker PL. The
frog-leg lateral radiograph accurately visualized hip cam
impingement  abnormalities.  Clin ~ Orthop. 2007
Sep;462:115-21.  doi:10.1097/BLO.0b013e3180f60b53
PubMed PMID: 17589367.

Lansdown DA, Kunze K, Ukwuani G, Waterman BR, Nho
SJ. The Importance of Comprehensive Cam Correction:
Radiographic Parameters Are Predictive of Patient-
Reported Outcome Measures at 2 Years After Hip
Arthroscopy. Am J Sports Med. 2018 Jul;46(9):2072-8.
doi:10.1177/0363546518780311 PubMed PMID:
29927617.

Domb BG, Annin S, Chen JW, Kyin C, Rosinsky PJ,
Maldonado DR, et al. Optimal Treatment of Cam
Morphology May Change the Natural History of
Femoroacetabular Impingement. Am J Sports Med. 2020
Oct;48(12):2887-96. doi:10.1177/0363546520949541
PubMed PMID: 329002009.

Fiorentino G, Fontanarosa A, Cepparulo R, Guardoli A,
Berni L, Coviello G, et al. Treatment of cam-type
femoroacetabular impingement. Joints. 2015;3(2):67-71.
doi:10.11138/jts/2015.3.2.067 PubMed PMID: 26605253;
PubMed Central PMCID: PMC4634806.

Brunner A, Horisberger M, Herzog RF. Evaluation of a
computed  tomography-based  navigation  system
prototype for hip arthroscopy in the treatment of
femoroacetabular cam impingement. Arthrosc J Arthrosc
Relat Surg Off Publ Arthrosc Assoc N Am Int Arthrosc

Assoc. 2009 Apr;25(4):382-91.
doi:10.1016/j.arthro.2008.11.012 PubMed PMID:
19341925.

Gedouin JE, May O, Bonin N, Nogier A, Boyer T, Sadri H, et
al. Assessment of arthroscopic management of
femoroacetabular impingement. A prospective
multicenter study. Orthop Traumatol Surg Res OTSR.
2010 Dec;96(8 Suppl):S59-67.
doi:10.1016/j.0tsr.2010.08.002 PubMed PMID: 21035415.

Seijas R, Barastegui D, Loépez-de-Celis C, Montafia F,
Cusco X, Alentorn-Geli E, et al. Preoperative risk factors in
hip arthroscopy. Knee Surg Sports Traumatol Arthrosc.
20217 May 1;29(5):1502-9. doi:10.1007/s00167-021-
06484-0

Cvetanovich GL, Weber AE, Kuhns BD, Alter J, Harris JD,
Mather RC, et al. Hip Arthroscopic Surgery for
Femoroacetabular Impingement  With Capsular
Management: Factors Associated With Achieving
Clinically Significant Outcomes. Am J Sports Med. 2018
Feb;46(2):288-96. doi:10.1177/0363546517739824
PubMed PMID: 29161115.

11/12



61. Kemp JL, Makdissi M, Schache AG, Pritchard MG, Pollard
TCB, Crossley KM. Hip chondropathy at arthroscopy:
prevalence and relationship to labral pathology,
femoroacetabular impingement and patient-reported
outcomes. Br J Sports Med. 2014 Jul 1;48(14):1102-7.
doi:10.1136/bjsports-2013-093312 PubMed PMID:
24659505.

62. Schmaranzer F, Meier MK, Sutter R. Femoroacetabular
Impingement: Preoperative Planning and Postoperative
MR Imaging Evaluation. Magn Reson Imaging Clin N Am.
2025 Feb;33(1):29-41. doi:10.1016/j.mric.2024.06.003
PubMed PMID: 39515959.

The Hive - Musculoskeletal Journal 12/12



