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Abstract Objective: To compare physical activity (PA) levels between individuals with femoroa-

cetabular impingement syndrome (FAIS) and uninjured controls and determine correlates of

moderate to vigorous physical activity (MVPA).

Design: Cross-sectional, comparative study.
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Setting: University laboratory.

Participants: A total number of 25 individuals with FAIS (15 female; age, 31.0§9.2 years; symp-

tom duration, 4.7§7.1 years) and 14 uninjured controls (9 female; age, 28.0§9.1 years) (N=39).

Interventions: Not applicable.

Main Outcome Measures: All individuals wore an accelerometer around the waist during waking

hours for 7 days. We compared demographic, clinical data, and PA levels between groups using

independent samples t tests and compared the proportions of those meeting the PA guideline

cutoff (150min/wk) using a chi-square test. Additionally, we examined correlates of mean daily

MVPA using linear regression in both groups.

Results: Individuals with FAIS spent less time in MVPA (controls, 52.1§25.6min/d; FAIS, 26.9§

19.1min/d; P=.001) and took fewer steps (controls, 8428§2931 steps/d; FAIS, 6449§2527 steps/

d; P=.033) than uninjured controls. A lower proportion of individuals with FAIS met the PA cutoff

(40.0%) compared with uninjured controls (78.6%; P=.020). Higher body mass index (BMI) values

and lower (worse) Hip Disability and Osteoarthritis Outcome Score (HOOS)−Quality of Life sub-

scale scores were associated with lower mean daily MVPA in those with FAIS (R2=21.2%, P=.021;

R2=22.0%, P=.018; respectively) but not in uninjured controls.

Conclusions: Individuals with FAIS spent less time in daily MVPA, took fewer daily steps, and met

recommended PA guideline cutoffs at lower proportions compared with uninjured controls.

Higher BMI and lower HOOS-Quality of Life scores were associated with lower mean daily MVPA.

Interventions should be developed for individuals with FAIS to increase PA engagement to poten-

tially lessen the risk of future comorbidities associated with decreased PA and increased BMI.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation

Medicine. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Rehabilitation

Femoroacetabular impingement syndrome (FAIS) is a hip-

related disorder characterized by (1) morphologic abnormal-

ities, affecting the proximal femoral head-neck junction (ie,

cam-type), the acetabulum rim (ie, pincer-type), or both

(ie, combined-type); (2) clinical signs (eg, limited hip range

of motion or positive provocation tests); and (3) patient-

reported symptoms (hip pain, tightness, or mechanical

symptoms).1 FAIS presents in young- to middle-aged

adults2,3 and often results in hip pain,1,4,5 decreased hip-

related function and quality of life,5-7 movement asymme-

tries/alterations,7-15 decreased physical activity (PA),6,16,17

and hip chondropathy.18-20 In the longer-term, FAIS is associ-

ated with the early development of hip osteoarthritis.21,22

Regarding PA assessment, a recent article recommended the

use of objective, device-measured approaches to evaluate

function and PA in individuals with hip-related conditions

and to determine associations with important patient-cen-

tered clinical measures such as pain, function, and/or mus-

cle performance.23

To date and to our knowledge, only 3 studies have used a

device-measured approach (eg, accelerometers) to evaluate

PA levels in individuals with FAIS, either before or after hip

arthroscopy.16,17,24 Specifically, among those with FAIS prior

to hip arthroscopy, 1 previous study reported that those with

FAIS spent more time participating in very low−intensity PA,

spent less time in high-intensity PA, and were more seden-

tary than controls without FAIS.17 These early findings pro-

vide preliminary evidence that individuals with FAIS may be

less active than their peers, and previous research in the

general population shows that low levels of PA may increase

risks of chronic diseases such as cardiovascular disease and

diabetes.25-29 To maintain physical fitness and health, the

American College of Sports Medicine (ACSM) recommends

that adults perform at least 150 min/wk of moderate to vig-

orous physical activity (MVPA).30 However, we are not aware

of any previous studies that have evaluated whether individ-

uals with FAIS meet weekly MVPA recommendations. Fur-

thermore, we currently lack knowledge regarding clinical

factors that associate with MVPA in this patient population.

Knowing what specific clinical factors are associated with

increased participation in PA (such as muscle strength, which

is negatively affected in those with FAIS23) may provide

insights into the future design of PA tailored rehabilitation

or clinical interventions. The current study compared

device-measured PA levels and the proportions of individuals

meeting recommended weekly MVPA cutoffs between indi-

viduals with FAIS and uninjured control participants. We

hypothesized that individuals with FAIS would spend less

time in MVPA and would meet recommended weekly PA cut-

offs at lower proportions compared with uninjured control

participants. Secondarily, we examined associations

between demographic and clinical variables with MVPA lev-

els in both groups.

Methods

Participants

This cross-sectional, comparative study included individuals

between the ages of 18 and 49 years with either FAIS or with-

out a history of lower extremity injury or pain (uninjured

controls). Individuals with FAIS were recruited from our

sports medicine surgeon collaborators (M.K.R., B.A.E, A.M.

M.) at Andrews Sports Medicine and Orthopaedic Center and

the Department of Orthopaedic Surgery at the University of

Alabama at Birmingham who were experienced in examining

and treating young- to middle-aged adults with hip pain.

Diagnosis of FAIS was based on the FAIS Warwick Agreement,

2 N.Z. Alrashdi et al.



a recent international diagnostic consensus statement on

FAIS.1 Required findings for an FAIS clinical diagnosis, based

on the Warwick Agreement, included (1) patient-reported

hip pain or other associated symptoms, (2) at least 1 associ-

ated imaging finding (eg, cam or pincer lesion using alpha

angle, crossover sign, or center edge angle), and (3) at least

1 associated clinical finding (eg, positive intra-articular

provocation tests, decreased or painful hip range of

motion).1 This combination of clinical and imaging findings is

the current criterion standard in diagnosing FAIS.1 Exclusion

criteria for the FAIS group included (1) early hip osteoarthri-

tis (T€onnis grade >1),31 (2) diagnosis of osteopenia or osteo-

porosis, or (3) previous hip arthroscopy or other lower

extremity/spine surgery. Uninjured control participants

reported no history of hip-related pain, major lower extrem-

ity injury (excluding <3 ankle sprains), or lower extremity/

spine surgery and were recruited from the local community

via flyers or recommendations from participants with FAIS.

Consistent with prior studies, participants with and without

FAIS were required to engage in purposeful exercise-related

activity for more than 50 hours per year (or up until hip pain

onset for participants with FAIS).32-34 All participants pro-

vided written, informed consent prior to participating in the

study. Ethical approval for the study protocol was obtained

from the University of Alabama at Birmingham Institutional

Review Board prior to the beginning of the study (No.:

300001355). After inclusion, we collected demographic data

including age, sex, symptom duration (FAIS group only), and

body mass index (BMI).

Device-measured PA assessment (FAIS and controls)

To measure daily PA, we provided all participants (FAIS and

controls) an accelerometer35,36 to wear for a 7-day consecu-

tive period (after the onsite testing session). This acceler-

ometer contains a triaxial, digital accelerometer that

produces an electric signal proportionate to the force acting

on it during movement, and motion outside of normal human

movement is band-pass filtered.37 This signal is then con-

verted into activity counts in preset sampling intervals (ie,

epochs; 1-minute epochs for this study).37 The activity

counts represent a quantitative measure of activity over

time and are linearly associated with the intensity of PA dur-

ing a period of time. We instructed participants to wear the

accelerometer on an elastic belt worn around the waist and

above the nonpainful hip (FAIS) or nondominant hip (con-

trols) throughout the entire day for the 7-day period.16,17

Data were downloaded from the accelerometers, cleaned,

excluding spurious data, and then minute-by-minute activity

counts were calculated.37,38 We excluded data from a given

day when a participant’s wear time was <480 minutes39 and

excluded all PA data from a participant when the accelerome-

ter was not worn ≥480 min/d on at least 4 days.37,39 Our pri-

mary PA variables of interests included mean daily time spent

in (1) light PA (100-1951 activity counts/min),40 (2) MVPA

(≥1952 activity counts/min),40 and (3) sedentary behavior

(<100 activity counts/min)40 using count cut points developed

in healthy adults without FAIS.40,41 We calculated mean daily

step counts from the accelerometers. Scores from accelerom-

eters with similar methods to measure daily PA in adults in

free living have provided a reliable39 and valid measures of

energy expenditure.42 To define recommended weekly PA cut-

offs in this study, we adapted the ACSM guidelines of 150

minutes of weekly MVPA to represent a mean daily volume

(150min/wk≥21.4min/d).43

Patient-reported measures of pain and function
(FAIS and controls)

All participants completed the numeric pain rating scale

(NPRS)44,45 to measure hip pain as well as the International

Hip Outcome Tool (iHOT-12)46,47 and the Hip Disability and

Osteoarthritis Outcome Score (HOOS)48,49 to measure hip-

related function. The NPRS was used to measure pain intensity

(average pain range, 0-10 in whole numbers; 0=no pain and

10=extreme/worst possible pain).44 The NPRS is valid, reli-

able, and responsive to change in patients with musculoskele-

tal pain.50,51 The iHOT-12 was designed for young, active

individuals with hip pathology and involves 12 questions across

4 domains, including symptoms and functional limitations as

well as sport, job-related, social, emotional, and lifestyle con-

cerns (0-100 score; 100 representing highest function).46 The

iHOT-12 has been shown to be valid and reliable in individuals

with FAIS.46,52 Lastly, the HOOS includes 5 subscales related to

hip function including symptoms, pain, activities of daily liv-

ing, sport and recreation, and quality of life (each subscale

scored independently; 0-100 score; 100 representing a highest

function).48 The HOOS has been shown to be valid and reliable

in measuring hip function in individuals with intra-articular hip

pain, including those with FAIS.53

Hip and thigh muscle strength testing (FAIS and
controls)

In all participants, we used an isokinetic dynamometer to

evaluate isometric hip and thigh muscle strength, including

the knee flexors and extensors and the hip flexors, exten-

sors, and abductors. To evaluate knee flexor and extensor

strength, participants were seated with their trunk sup-

ported, hips flexed to 90°, the testing knee flexed to 60°,

and straps securing the distal femur of the limb being tested

as well as across the trunk and waist to minimize compensa-

tory movements during testing.32,54,55 To evaluate hip flexor

and extensor strength, participants were positioned lying

supine on the chair, with the chair inclined to 15°.56,57 The

dynamometer axis was aligned with the greater trochanter,

and the tested hip was flexed to 45°.56-58 Lastly, to evaluate

hip abductor strength, participants were positioned sideling

on a flat dynamometer chair, with the anterior superior iliac

spine aligned with the dynamometer axis and the hip posi-

tioned at 10° of abduction.58

Participants performed 2 practice trials (for each muscle

group being tested) followed by 3 maximal 5-second isomet-

ric trials, with a 30-second rest break between each trial.58

We provided verbal encouragement for each trial.56,57 Use

of similar methods to evaluate hip and thigh muscle strength

is reliable and able to differentiate muscle strength deficits

between injured/painful and uninjured/nonpainful limbs.58-

61 Our variables of interests for each muscle group included

the peak torque value (normalized to body mass; Nm/kg)

and a limb symmetry index (involved limb value/uninvolved

limb value/100%) value.

Device-measured physical activity in FAIS 3



Statistical analyses

We compared demographic data between participants with FAIS

and uninjured control participants using independent samples t

tests (age, BMI, muscle strength) and a Pearson chi-square test

(sex distribution). Additionally, we compared continuous PA vari-

ables of interest (mean daily time spent in light PA, MVPA, and

sedentary behavior; mean daily step counts) between partici-

pants with FAIS and control participants using independent sam-

ples t tests. We further compared the proportions of FAIS

participants and control participants that met the weekly MVPA

guideline cutoff (ACSM; 150min/wk≥21.4min/d) using a Pearson

chi-square test. Lastly, in both groups, we used univariable linear

regression models to examine demographic (age, sex, BMI) and

clinical (symptom duration, iHOT-12, HOOS, NPRS, muscle

strength variables of interest) correlates of mean daily MVPA.We

defined statistical significance a priori as P<.05.

Results

Demographic data for the FAIS and control groups are shown

in table 1. The FAIS group and uninjured control group did

not differ in age, BMI, sex distribution, or accelerometer

wear time (see table 1).

PA data group comparisons

Data on PA per groups are shown in table 2. Compared with

the uninjured control group, the FAIS group spent significantly

less time in mean daily MVPA and took fewer daily steps. The

groups did not differ in mean daily time spent in light PA or

sedentary behavior. A significantly lower proportion of the

FAIS group met the recommended weekly MVPA cutoff com-

pared with the control group without FAIS (table 2).

Predictors of MVPA

Among participants with FAIS, higher BMI values were associ-

ated with lower mean daily MVPA (R2=21.2%; P=.021) (fig

1A). Additionally, in the FAIS group, lower (worse) HOOS

−Quality of Life subscale scores were associated with lower

mean daily MVPA (R2=22.0%; P=.018) (fig 1B). No other demo-

graphic (age, sex) or clinical (iHOT-12, other HOOS sub-

scales, NPRS, muscle strength) measures were associated

with mean daily MVPA in participants with FAIS (all P>.05).

In the uninjured control group, there were no significant

associations between demographic (age, sex, BMI) or clinical

(iHOT-12, other HOOS subscales, NPRS, muscle strength)

measures and mean daily MVPA (all P>.05).

Discussion

The current study observed that individuals with FAIS spent

less per day in MVPA, took fewer steps per day, and were less

likely to meet recommended weekly cutoffs for MVPA. Addi-

tionally, we observed that higher BMI values and lower HOOS

−Quality of Life subscale scores were associated with lower

Table 1 Demographic data for Participants With FAIS and Controls

Variable FAIS Group (n=25) Control Group (n=14) P Value*

Age at testing visit (y), mean § SD (range) 31.0§9.2 (18.8-46.0) 28.1§9.1 (20.4-50.4) .341

Sex distribution, n (%) .792

Female 15 (60) 9 (64)

Male 10 (40) 5 (36)

BMI at testing visit, mean § SD 26.1§4.7 26.3§3.4 .899

FAIS subtype, n (%) − −

Cam 13 (52)

Pincer 4 (16)

Combined 8 (32)

Symptom duration (y), mean § SD 4.7§7.1 − −

Accelerometer wear time (daily min), mean § SD

»Valid data: ≥8 h/d, and ≥4 d.

824.3§71.5 836.7§57.3 .581

NOTE. BMI calculated as weight in kilograms divided by height in meters squared.
*
P value is from independent 2-sample t test for continuous data or Pearson x2 test for categorical data.

Table 2 Physical activity data comparisons between groups

Variable FAIS Group (n=25) Control Group (n=14) P Value*

Light PA (daily min), mean § SD 284.9§71.1 267.8§83.1 .501

MVPA (daily min), mean § SD 26.9§19.1 52.1§25.6 .001y

Sedentary behavior (daily min), mean § SD 512.4§81.5 516.8§64.3 .864

Steps (daily counts), mean § SD 6449§2527 8428§2931 .033y

Proportion meeting ACSM weekly MVPA cutoff, n (%) 10 (40) 11 (78.6) .020y

*
P value is from independent 2-sample t test for continuous data or Pearson x2 test for categorical data.

y
P<.05.
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MVPA in individuals with FAIS. To our knowledge, this is the

first study to use a device-measured approach (eg, acceler-

ometers) to determine the proportions of individuals with

FAIS meeting recommended weekly MVPA cutoffs compared

with uninjured control participants and to examine corre-

lates of MVPA.

Previous studies have documented step count data in

individuals with FAIS, either before or after hip arthroscopy,

using device-measured techniques.16,17,24 Even though indi-

viduals with FAIS report functional activity limitations

(known to correlate with higher pain and altered move-

ment),62 none of these 3 previous studies16,17,24 reported

significant differences in daily step counts between individu-

als with FAIS and controls without FAIS (either before17,24 or

1 year after hip arthroscopy16). In the first study, Harris-

Hayes et al used a StepWatch, an ankle-worn device, to eval-

uate total daily strides over 7 days in individuals with FAIS

before hip arthroscopy (N=74).24 In this study, there were no

significant differences in total daily strides between those

with FAIS and controls without FAIS prior to hip arthros-

copy.24 The second study used a thigh-worn accelerometer

to evaluate step counts over 5 days in individuals with FAIS,

both before and 1 year after hip arthroscopy (N=41).16 In

this study, daily step counts did not change over the 1 year

after hip arthroscopy in individuals with FAIS and did not dif-

fer compared with controls without FAIS 1 year after hip

arthroscopy.16 Lastly, a recent cross-sectional study (same

cohort as the 2019 prospective study referenced above)16

used a thigh-worn accelerometer to evaluate daily step

counts in individuals with FAIS prior to hip arthroscopy

(N=55).17 In this study, there were no significant differences

in daily step counts between individuals with FAIS and con-

trols without FAIS prior to hip arthroscopy.17

In contrast to the findings from those previous

studies,16,17,24 our current study showed that those with FAIS

took fewer mean daily steps (on average »2000 fewer

steps/d) than our uninjured control sample. Several meth-

odology-related factors could explain the inconsistency

between the findings of those previous studies compared

with our results. First, 2 of these previous studies16,17 had

participants wear the accelerometers only over a 5-day

period. However, in the current study, we monitored PA

behavior over a more extended time (7 days) that captured

both weekdays and weekends, potentially allowing us to

better capture true group differences in walking volume.

Second, our sample of participants with FAIS and controls

was very similar regarding demographic variables (no signifi-

cant differences between groups in age, sex distribution, or

BMI) and self-reported general exercise history (controls at

least 50 h/y currently; FAIS at least 50 h/y currently or until

pain symptom onset).32-34 In contrast, earlier work included

participants with FAIS and controls with different ages and

BMI values and unknown general exercise history, which may

have affected differences in steps between groups.17,24

Efforts are needed to evaluate and monitor PA engage-

ment across various intensities in individuals with FAIS, both

before and after hip arthroscopy, because it may be a key

indicator of recovery and/or reduce future risks of diseases/

comorbidities. In our current study and previous relevant

work16,17,24, both individuals with FAIS and control partici-

pants performed similar volumes of light PA16,17,24 and sed-

entary behavior.16,24 Only 1 previous study has reported that

those with FAIS were more sedentary than controls without

FAIS prior to hip arthroscopy.17 Regarding MVPA, our findings

are consistent with the findings of 2 previous studies in indi-

viduals with FAIS16,17 but are inconsistent with another.24 We

found that those with FAIS spent less time in MVPA than unin-

jured control participants (controls, 52.1§25.6min/d; FAIS,

26.9§19.1min/d) and that a lower proportions met recom-

mended weekly MVPA cutoffs from the ACSM. Similarly, in

previous work, those with FAIS performed less bicycling and

running (high-activity categories), both before16,17 and 1

year after hip arthroscopy,16 than control participants. In

the current study, we found that only 40% of participants

with FAIS met the recommended weekly MVPA cutoffs. Previ-

ous research has shown that between approximately 58%-

77% of the general population of adults meet recommended

weekly MVPA cutoffs,63 notably higher than our cohort of

participants with FAIS. In the clinical population, a previous

study found that 41% and 58% of patients with knee and hip

osteoarthritis, respectively, met recommended MVPA cut-

offs.64 Overall, a significant reduction in MVPA in those with

FAIS seems to be a commonly reported occurrence in the

present literature,16,17 which may be because of pain

Fig 1 Scatterplots of MVPA vs BMI (A) and MVPA vs HOOS-QoL (B).

NOTE. BMI calculated as weight in kilograms divided by height in meters squared.

Abbreviation: QoL, Quality of Life subscale score.

Device-measured physical activity in FAIS 5



provocation during high-intensity activity and/or fear of

pain with PA engagement. In light of this, engagement in

MVPA could be a key outcome when treating patients with

FAIS, either before or in recovery after hip arthroscopy.

Clinical and rehabilitation-specific factors may affect

participation and engagement in PA in individuals with FAIS

and could be targeted with relevant interventions. In the

current study, we found that higher BMI was associated with

lower mean daily MVPA in participants with FAIS, with BMI

explaining approximately 21% of the variance in MVPA. Simi-

larly, in previous work in patients after hip or knee arthro-

plasty, higher BMI was associated with lower levels of PA,

measured via step counts (pedometer).65,66 In addition to

BMI, we found that lower HOOS−Quality of Life subscale

scores were associated with lower MVPA in participants with

FAIS, explaining approximately 22% of the variance in MVPA.

We did not find similar associations within our uninjured con-

trol participants. Previous work in older adults with end-

stage hip and knee osteoarthritis similarly found that

higher/better HOOS (hip patients) and Knee Injury and Oste-

oarthritis Outcome Score (knee patients) Quality of Life sub-

scale scores were associated with higher PA volume,

measured as overall activity daily counts.67 A recent study

by Davis-Wilson et al also found that in younger patients

after anterior cruciate ligament reconstruction,68 higher

Knee Injury and Osteoarthritis Outcome Score Quality of Life

subscale scores were associated with greater MVPA in those

with continued knee-related symptoms. Because of the

cross-sectional design of our study, directionality of the

associations between BMI and MVPA and HOOS−Quality of

Life and MVPA are unclear. For example, it is unclear if select

individuals with FAIS have higher BMI because of a reduction

PA, with their reduced PA engagement being caused by

another factor, such as hip pain. In the same vein, it is

unclear if quality of life scores are lower because of reduced

PA engagement/participation or if hip-related pain or symp-

toms are dually contributing to both reduced HOOS−Quality

of Life scores and reduced PA.

Study limitations

The current study has several strengths and limitations that

should be recognized. A strength of our study was that we

determined the proportions of those with FAIS meeting recom-

mended weekly MVPA cutoffs using an objective, device-mea-

sured approach and compared those proportions with

uninjured control participants. Knowledge about the propor-

tions of individuals with FAIS meeting recommended weekly

MVPA cutoffs could lead to the development of tailored PA

promotion programs, with an overall goal of increasing activity

engagement in this patient population. The second strength of

our study was that we performed regression analyses to help

provide greater insight into clinically relevant factors (pain,

function, and muscle strength) associated with MVPA. A first

limitation of the current study is that we enrolled a relatively

small sample size (FAIS and controls) compared with previous

relevant studies.16,17,24 Second, the current study lacks longi-

tudinal data to examine the effect of clinical and rehabilita-

tion-specific factors (pain, function, muscle strength) on

future PA levels. To our knowledge, no previous studies have

examined associations between measures of PA and potential

rehabilitation targets. Future research is needed in larger

samples with FAIS to examine modifiable clinical factors asso-

ciated with changes in PA levels over time, the intersection

between PA and hip-related function, and longitudinal trajec-

tories of PA engagement and healthy weight in those with FAIS

who undergo or forego hip arthroscopy.

Conclusions

In the current study, individuals with FAIS spent less time in

MVPA, took fewer mean daily steps, and met recommended

weekly MVPA cutoffs at lower proportions compared with

uninjured controls. Among FAIS group, higher BMI values and

lower HOOS−Quality of Life subscale scores were associated

with lower mean daily MVPA. Future research should evalu-

ate the effectiveness of PA promotion strategies in individu-

als with FAIS to avoid potential risk future for health-related

comorbidities/diseases associated with decreased PA.
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