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ABSTRACT

Periacetabular osteotomy (PAO) is a surgery for persons with symptomatic acetabular dysplasia (AD) that increases acetabular coverage of the
femoral head for reducing hip pain and improving function. Patient-reported outcomes (PROs) are significantly improved following PAO, yet
little is known regarding mobility-related outcomes. This narrative review provides a synthesis of evidence regarding PROs and mobility-related
outcomes in persons with AD following PAO. We further identified important future research directions, chiefly the need for measurement of
real-world outcomes.We searchedPubMedusing comprehensive predefined search terms.We included studies that (i) enrolled personswithAD
undergoing PAO, (ii) included PROs and/ormobility-related outcomes and (iii) were written in English.We synthesized and summarized study
characteristics and findings. Twenty-three studies were included in this review. Commonly evaluated PROs included pain (n= 14), hip function
(n= 19) and quality of life (n= 9).Mobility-related outcomes included self-reported physical activity (PA; n= 11), walking speed and cadence
(n= 4), device-measured PA (n= 2), and sit-to-stand, four-square-step and timed stair ascent tests (n= 1). Persons with AD had significant
improvements in PROs following PAO, yet mobility-related outcomes (e.g. walking speed and device-measured PA levels) did not change over
1 year following PAO. Few studies have evaluated mobility-related outcomes following PAO, and these studies were of a low methodological
quality. Future research might include experience sampling data collection approaches and body-worn devices as free-living, technology-driven
methodologies to evaluate mobility and other outcomes in persons with AD undergoing PAO.

INTRODUCTION
Acetabular dysplasia (AD) is a structural anomaly of the hip
joint that involves abnormal morphology of the shape and/or
size in the acetabulum. AD often results in inadequate bony
coverage of the femoral head and hip joint instability [1]. The
development of AD is likelymultifactorial, yet female sex, breech
birth position and having a family history of AD are important
risk factors for developing symptomatic AD [2, 3]. The preva-
lence of symptomatic AD is 5% in the general population [4–6],
mainly affecting young females (83% of symptomatic AD cases)
and Caucasians (87% of symptomatic AD cases) [3]. Symp-
tomatic AD leads to significant hip-related pain that is often pro-
voked during specific movements and/or positions, including

prolonged sitting or standing, walking, or running [3, 5]. In addi-
tion to hip-related pain, functional limitations [7, 8], decreased
quality of life and joint instability are further negative conse-
quences of symptomatic AD [3]. Importantly, persons with
symptomatic AD have a high probability of developing sec-
ondary hip osteoarthritis (OA) at an early age and eventually
may require total hip replacement [9, 10].

Periacetabular osteotomy (PAO) is the gold-standard hip
preservation surgery used to correct the hip deformity associated
with symptomatic AD [11]. Reinhold Ganz first developed and
described the surgery in 1983 [12], and it has gained in pop-
ularity with the surgery being frequently performed in recent
years [13]. The PAO procedure aims to optimally reposition
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the acetabulum to improve hip joint mechanics, reduce exces-
sive joint contact pressure and edge loading, improve load dis-
tribution of the articular surface, and increase stability of the
joints; all of which are thought to be essential for pain reduction,
improvement in function and decreasing risk of the subsequent
development of hip OA [12]. PAO is recommended for skele-
tally mature adolescents and young to middle-aged adults with
symptomatic AD [12]who report hip-related pain formore than
6months [14] and have radiographic evidence of AD using spe-
cificmeasures (e.g. center–edge angle; CEA), with no significant
degenerative changes on the joint (Tonnis grade 0 or 1) [15, 16].
On the contrary, severe femoral or acetabular cartilage damage
[17], hip joint subluxations [12] and/or severe motion restric-
tions in hip joint [12] are generally considered contraindications
for PAO.Various studies have reported promising improvements
in patient-reported outcomes (PROs), including hip pain, hip-
related function and quality-of-life measures in persons with
symptomatic AD after PAO [3, 13, 18]. Nevertheless, the
procedure does have a risk of associated post-operative com-
plications, including hematoma, malreduction, infection and
neurovascular injury [13, 19, 20]. Based on the current pub-
lished studies, however, the breadth and strength of evidence
for the outcomes and efficacy of PAO remain understudied
[13, 19, 20].

The impairments associated with symptomatic AD (hip pain;
decreased strength [7, 21]) may create significant physical barri-
ers for active engagement in various sports/recreational activities
[3, 22, 23], and these might be important targets of rehabilita-
tion interventions for persons with symptomatic AD.The lack of
knowledge regarding mobility-related outcomes following PAO
in persons with symptomatic AD may further limit the ability of
clinicians and orthopedic surgeons to provide accurate expecta-
tions for patients regarding return to pre-disease levels of func-
tion following PAO. Herein, we performed a narrative review
[24] and broadly summarized patient-reported and mobility-
related outcomes in persons with symptomatic AD following
PAO.Thenarrative review is appropriate for this stage of research
as we sought a synthesis of the current literature for informing
future research. To that end, we then reflect on important next
steps in future research to understand free-living and patient-
centered outcomes following PAO, primarily the need for real-
world measurement, including the use of body-worn devices
such as accelerometers and experience sampling data collection
approaches.

METHODS
Research question

Narrative reviews aim to broadly synthesize the currently avail-
able evidence and identify important future research direc-
tions [24, 25]. We performed a narrative review because we
expected limited published evidence regarding patient-reported
and mobility-related outcomes in persons with symptomatic
AD both before and after PAO, which would eliminate the fea-
sibility of systematic or scoping review. This narrative review
summarized patient-reported and mobility-reported outcomes
before and after PAO in persons with symptomatic AD and
provided important future research directions involving both
patient-reported and free-living outcomes following PAO.

Search strategy
We developed a comprehensive literature search strategy using
several relevant terms. We performed the initial search on
6 March 2021 and re-ran the search on 17 September 2021 in
the PubMed database (search completed from database incep-
tion). Our search strategy was developed by a librarian with
extensive knowledge and experience in creating relevant search
terms and literature searching. We performed the searches using
the following terms/keywords: ‘periacetabular osteotomy’, ‘hip
dysplasia’, ‘symptomatic acetabular dysplasia’, ‘acetabular dys-
plasia’, ‘patient-reported functional outcomes’, ‘patient-reported
mobility outcomes’, ‘functional performance’ and ‘physical activ-
ity’. We used these terms in various combinations using Boolean
operators (‘AND’, ‘OR’ and ‘NOT’) along with relevant Medical
Subjects Headings terms (Supplementary Appendix 1).

Eligibility criteria
We included relevant studies that (i) compared patient-reported
and/or mobility-related outcomes before and after PAO in
persons with symptomatic AD and (ii) were written in English.
Studies were excluded if they lacked post-PAO patient-reported
and/or mobility-related outcomes data. Additionally,
we excluded review studies (including systematic and scoping
reviews), conference proceedings, editorials, clinical commen-
taries, case studies and animal studies. We defined PROs as any
form of data related to pain intensity, function, quality of life
or self-reported physical activity (PA). Furthermore, we defined
mobility-related outcomes as (i) laboratory-based assessments
of function (measures such as the 6-min walk test or sit-to-stand
test) and (ii) free-living mobility-related assessments (measures
such as steps or PA duration and intensity often based on devices
such as accelerometers).

Study risk of bias assessment
Risk of bias assessment is not typically required/recommended
for narrative reviews, but we were interested in the quality of
the included studies to better understand the current state of
the literature and assist in making recommendations for future
research. Thus, we assessed the methodological quality of all
included studies using the modified Coleman Methodology
Score [26]. This quality assessment tool has scores that range
from 0 to 100, with a score of 100 indicating low study bias [26].
The modified Coleman Methodology Score evaluates 10 crite-
ria based on the subsections of the Consolidated Standards of
ReportingTrials statement for randomized controlled trials [27],
but the items are adjusted specific to other study designs.

Synthesis of results
Of the included studies, we performed a consolidation thematic
analysis and synthesis of the evidence regarding outcomes in per-
sons with symptomatic AD before and after PAO. We organized
and presented our results based on two major outcomes areas:
(i) PROs and (ii) mobility-related outcomes (laboratory-based
functional performance and real-world measurements).
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Fig. 1.Database search process and results (The Preferred Reporting
Items for Systematic Reviews and Meta-Analysis flowchart).

RESULTS
Search results

The literature search yielded 631 potential studies, and 23
studiesmet our eligibility criteria (Fig. 1). Studies were excluded
(n= 608) primarily due to lack of patient-reported and/or
mobility-related outcomes or due to the incorrect patient pop-
ulation. Across the included studies (n= 23), there was a total
sample size of 2355 persons with symptomatic AD who under-
went PAO (1778 females). Demographic data for all included
studies are provided in Table I.

The average (±SD) overall modified Coleman score for the
included studies was 42.4± 10.5 (prospective studies average
score= 49.33; retrospective studies average score= 37.9). Of
the included studies, thehighest scorewas 59 [28] and the lowest
score was 25 [29]. The modified Coleman Methodology Score
for all included studies are provided in Table I.

PROs following PAO: summary bymeasure
PROs are assessment batteries frequently used in research to col-
lect important patient-centered outcomes to establish baseline
data andmonitor disease activity over timewith orwithout inter-
ventions [30]. Individual study results for PROs are summarized
in Table I. In reviewing the literature, we observed that PROs
were worse before PAO when compared to scores after PAO
[3, 7, 22, 23, 28, 31–39]. Before PAO, participants reported
higher pain [3, 23, 28, 32, 33, 35, 37–40], worse hip-related func-
tion [3, 7, 29, 31–47], lower quality of life [3, 28, 29, 34, 35,
37, 38, 40, 42], worse laboratory-based functional performance
(such as walking speed) [32] and a significant reduction in PA
levels, both through the use of patient-reported [3, 22, 23, 28,
34, 35, 38, 39, 43, 47, 48] or device-measured [23, 28] PA.

In the studies referenced above, hip-related pain, function
and quality of life were measured using common hip-related
questionnaires that have been shown to be reliable and valid in
individuals with hip pathology, including (i) the modified Har-
ris Hip Score or the standard Harris Hip Score (mHHS/HHS;
n= 15) [3, 7, 29, 31–33, 35, 36, 38–41, 43, 44, 47], (ii) the Hip
Disability and Osteoarthritis Outcomes Score (HOOS; n= 10)
[3, 29, 32, 35, 37, 38, 40, 42, 43, 46], (iii) the Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC;
n= 7) [33, 35, 38, 39, 44, 46, 47], (iv) the Copenhagen Hip
and Groin Outcome Score (HAGOS; n= 3) [23, 28, 34], (v)
the International Hip Outcome Tool (iHOT-12; n= 1) [32],
(vi) the Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS; n= 1) [32], (vii) The Short Form 36
Health Survey Questionnaire (SF-36; n= 2) [33, 42], (viii) the
Numeric Pain Rating scale (NPRS; n= 1) [34], (ix) the Visual
Analogue Scale (VAS; n= 1) [32], and the Non-Arthritic Hip
Score (NAHS; n= 1) [45].

Patient-reported hip pain intensity following PAO
Of the overall included studies (n= 23), 14 studies evaluated
pain intensity in persons with symptomatic AD before and after
PAO [3, 23, 28, 29, 32, 33, 35, 37–40, 42, 44, 47], using several
PROs, included the HOOS (n= 8) [3, 32, 35, 37, 38, 40, 42,
48],WOMAC (n= 6) [33, 35, 38, 39, 44, 47], HAGOS (n= 2)
[28, 34], VAS scale (n= 1) [32] and NPRS (n= 1) [34]. Aver-
age scores of pain intensity before and after PAO in persons
with symptomatic AD are provided in Table I. Of the 14 stud-
ies that evaluated pain intensity in persons with symptomatic
AD, 6 studies used prospective study designs monitoring pain
changesover 4months to2 years followingPAO(total combined
sample= 857) [3, 28, 32–35]. Eight studies used retrospec-
tive study designs reviewing reports that evaluated pain intensity
after 2 years [37, 40, 42, 44, 48], 3 years [38], 5 years [39] and
6 years [47] following PAO, respectively (total combined sam-
ple= 625). Across studies, there were significant improvements
in pain intensity among persons with symptomatic AD up to
6 years following PAO (all studies reported statistically signifi-
cant improvements; P < 0.05; total combined sample= 1482)
[3, 23, 28, 29, 32, 33, 35, 37–40, 42, 44, 47].

Patient-reported hip-related function following PAO
Of the overall included studies (n= 23), 19 evaluated hip-
related function in persons with symptomatic AD before and
after PAO [3, 7, 31–45, 47, 48], using several PROs, including
the mHHS/HHS (n= 15) [3, 7, 29, 31–33, 35, 36, 38–41, 43,
44, 47], HOOS (n= 7) [3, 29, 32, 35, 37, 38, 42], WOMAC
(n= 4) [33, 38, 39, 44], iHOT-12 and the PROMIS (physi-
cal function subscale; n= 1) [32], HAGOS (n= 1) [34], and
NAHS (1) [45]. Average scores on hip-related function before
and after PAO in persons with symptomatic AD are provided in
Table I. Of the 19 studies that evaluated hip-related function in
persons with symptomatic AD, 7 studies used prospective study
designsmonitoringhip function changes before andup to7 years
after PAO (total combined sample= 872) [3, 7, 31–35]. Twelve
studies used a retrospective study design reviewing hip function
data in persons with symptomatic AD between 6months and
up to 7 years following PAO (sample= 982) [29, 36–45, 47].
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Across studies, functional improvements were evident in per-
sons with symptomatic AD from 1 year and up to 5 years follow-
ing PAO (all studies reported statistically significant improve-
ments; P < 0.05; total combined sample= 1854) [3, 7, 29,
31–45, 47].

Patient-reported quality of life following PAO
Of the overall included studies (n= 23), nine studies evalu-
ated quality of life in persons with symptomatic AD before and
after PAO [3, 28, 29, 34, 35, 37, 38, 40, 42], using two PROs,
included the HOOS (n= 7) [3, 29, 35, 37, 38, 40, 42] and
HAGOS (n= 2) [28, 34]. Average scores on quality-of-life mea-
sures before and after PAO in persons with symptomatic AD are
provided in Table I. Of the nine studies that evaluated quality of
life in persons with symptomatic AD, four studies used prospec-
tive study designs monitoring quality-of-life improvements over
time before and up to 2 years after PAO (total combined sam-
ple= 802) [3, 28, 34, 35]. Five studies used a retrospective
study design reviewing quality-of-life data in persons with symp-
tomatic AD up to 3 years following PAO (total combined sam-
ple= 566) [29, 37, 38, 40, 42]. Across studies, persons with
symptomaticADshowed improvements in self-reported quality-
of-life measures from 1 year and up to 3 years following PAO (all
studies reported statistically significant improvements; P < 0.05;
total combined sample= 1378) [3, 28, 29, 34, 35, 37, 38,
40, 42].

Mobility-related outcomes following PAO (laboratory-based
functional performance and real-worldmeasurements)

Laboratory-based functional performance outcomes following PAO
Laboratory-based functionalmeasures such as the timedup-and-
go test [49], 6-min walk test (6MWT) [50] and 10-m walk
test [51] are important clinically relevantmobilitymeasures that
could be used to evaluate mobility-related outcomes in persons
with symptomatic AD following PAO. Of the included studies
(n= 23), four prospective studies evaluated walking speed (self-
selected pace) and cadence (n= 2) during a short distance in
persons with symptomatic AD before and up to 7 years follow-
ing PAO(total combined sample= 111) [7, 31, 32, 33]. Average
scores of walking speed and cadence before and after PAO in
persons with symptomatic AD are provided in Table I. Of the
four studies that evaluated walking speed and cadence (n= 2),
two studies reported no significant improvements in walking
speed and cadence in persons with symptomatic AD 1 year fol-
lowing PAO (P > 0.05; total combined sample= 55) [32, 33].
One study found improvements in walking speed in persons
with symptomatic AD 1 year following PAO (sample= 21) [7].
Additionally, the final study reported no significant differences
(P > 0.05) in walking speed and cadence between persons with
symptomatic AD 7 years following PAO and healthy controls
(sample= 35 per group) [31].

Of the included studies (n= 23), only one prospective study
evaluated laboratory-based functional tasks including study sit-
to-stand, four-square-step and timed stair ascent tests in persons
with symptomatic ADbefore PAOand 6months and 1 year after
PAO (n= 22) [32]. Average scores of laboratory-based func-
tional tasks before and after PAO in persons with symptomatic

AD are provided in Table I. In this study, persons with symp-
tomatic AD showed significant improvements in the sit-to-stand
and timed stair ascent tasks 1 year following PAO (P < 0.05)
[32]. Collectively, to our knowledge and based on the results of
our current narrative review, no further studies have evaluated
other laboratory-based functional tasks, such as the 6MWT, in
persons with symptomatic AD before and after PAO.

Patient-reported PA levels following PAO
Doubtlessly, PA is associated with a myriad of health bene-
fits and improved quality of life among the general population
[52, 53, 54, 55]. In contrast, physical inactivity contributes to the
incidence and development of several comorbidities and chronic
diseases [56, 57, 58, 59, 60]. Often, PA levels aremeasured using
self-reported scales, such as the International Physical Activity
Questionnaire (IPAQ) [61], theHAGOS-PA subscale [62], and
theUniversity ofCalifornia, LosAngelesActivity Score (UCLA)
activity score [63]. Additionally, PA monitors (e.g. pedome-
ters or accelerometers) are alternative approaches to quantify PA
behaviorduring free-living. PAmonitors are consideredvalid and
reliable tools that aim to provide objective, real-time, continuous
PAdata in terms of volume, intensity, frequency and/or duration
and have been applied across patient populations and healthy
individuals [64].

Of the overall included studies (n= 23), 11 studies eval-
uated PA levels in persons with symptomatic AD before and
after PAO [3, 22, 23, 28, 29, 34, 35, 38, 39, 43, 47], using
2 PROs, including the UCLA activity score (n= 8) [3, 22,
29, 35, 38, 39, 43, 47] and the HAGOS-PA subscale (n= 3)
[23, 28, 34]. Average scores for patient-reported activity lev-
els before and after PAO in persons with symptomatic AD are
provided in Table I. Of the 11 studies that evaluated patient-
reported PA levels, 5 studies used a prospective study design
measuring PA improvements before and 4months to 5 years
following PAO (all studies showed significant improvements;
P < 0.05; after PAO; total combined sample= 879) [3, 23, 28,
34, 35]. Furthermore, six studies used a retrospective study
design reviewing reports containing patient-reported PA data
following PAO (total combined sample= 292) [22, 29, 38,
39, 43, 47]. Based on these patient-reported PA studies, per-
sons with symptomatic AD had improvements in activity lev-
els evaluated from 4months to 6.5 years following PAO (all
studies reported statistically significant improvements; P < 0.05;
total combined sample= 1172) [3, 22, 23, 28, 29, 34, 35, 38,
39, 43, 47].

Device-measured PA following PAO
Of the overall included studies (n= 23), only two studies eval-
uated PA levels using device-measured approaches in persons
with symptomatic AD following PAO (total combined sam-
ple= 118) [23, 28]. These two studies used a commercially
available tri-axial accelerometer worn on the lateral side of the
non-affected limb (placement: mid-thigh). In one study [23],
device-measuredPAwasmeasured over 7 consecutive days, both
before and 1 year after PAO. In the other study [28], device-
measured PAwasmeasured over 5 consecutive days, at 4months
and 1 year following PAO (no pre-PAO assessment). Both stud-
ies instructedparticipants (i.e. personswith symptomaticAD) to
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wear the accelerometer during the entire day (all waking hours)
[23, 28]. Average scores of device-measured PA levels in persons
with symptomatic AD before and after PAO from these studies
[23, 28] are provided in Table I. Results from these two prospec-
tive studies indicated that device-measured PA levels (time spent
in sitting, standing, walking and/or running; min/day) 1 year
after PAO [23, 28] did not change compared to activity lev-
els before PAO or 4months after PAO [28] in persons with
symptomatic AD.

DISCUSSION
Summary of findings from this review

To the best of our knowledge, this is the first review to syn-
thesize evidence regarding patient-reported andmobility-related
outcomes following PAO in persons with symptomatic AD as
well as to reflect on future research for capturing real-world
effects of PAO in this patient population. The current narrative
review included 23 studies (9 prospective [3, 7, 23, 28, 31, 32,
33, 34, 35] and14 retrospective [22, 29, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47]) that presentedpatient-reported andmobility-
related outcomes in persons with symptomatic AD, both before
and after PAO. Postoperatively following PAO, there were con-
sistent improvements in PROs (pain, function, quality of life
and self-reported PA). Only one study evaluated laboratory-
based functional performance(sit-to-stand, four-square-step and
timed stair ascent tests) and reported improvements in these
tasks (excluding the four-square-step-test) inpersonswith symp-
tomatic AD 1 year following PAO [32]. However, none of
the included studies evaluated other clinically relevant func-
tional performance or walking measures such as the 6MWT.
Lastly, only two studies evaluated device-measured PA lev-
els (i.e. accelerometers) and provided no evidence for signifi-
cant changes/improvements before to 1 year after PAO (both
P > 0.05) [23, 28]. Importantly, the overall quality of evidence
was low (high risk of bias caused by two main factors; follow-
up period and study design) and most of the included stud-
ies were retrospective, and these may limit our interpretations
regarding PROs and mobility-related outcomes following PAO.
Overall, the current narrative review reported very limited evi-
dence regarding mobility-related outcomes using device-based
approaches (activity-related devices such as accelerometers or
pedometers) during continuous, uncontrolled/real-life settings
(i.e. measurement in the wild).

Summary ofmeasures used in the included studies
(advantages and disadvantages for real-world ambulation)
Supervised assessment of mobility-related outcomes may lack real-life

applicability
Mobility-related assessments are administered in controlled and
supervised research settings and involve only walking for rel-
atively short distances or performing physical tasks for a rel-
atively short duration (e.g. 6MWT [50] or timed-up-and-go
test [49]). Of the included studies (n= 23), only one study
evaluated laboratory-based performance measures (e.g. sit-to-
stand, four-square-step and timed stair ascent tests) [32] and
four studies evaluatedwalking speed and cadence (n= 2) in per-
sons with symptomatic AD before and after PAO [7, 31–33].

Laboratory-based performance assessments pertain to various
advantages. First, these measures can be utilized to evaluate a
specific and discrete functional-related task (e.g. squat and single
leg stand) that is relevant to patients’ needs and/or complaints
as well as in-person observations and detections for an asymme-
try/deficit during tasks completion. Second, laboratory-based
measures could be performed during regular patients’ clinical
visits (e.g. screening purposes) and may provide helpful, prelim-
inary data essential for setting the stage for performance stan-
dard or capacity for real-world ambulation captured by either
patient-reported or device-measured PA outcomes [65]. These
assessments may not reflect real-world mobility-related perfor-
mance. They still, however, are essential measures that need
to be assessed and documented prior to real-world mobility-
related outcomes that occur in less predictable and controlled
environments.

Often, patient-reported PA questionnaires are easy to admin-
ister, performed remotely and required less efforts to com-
plete. However, the completion of these activity questionnaires
may be subject to recall bias or inaccuracies [66]. Addition-
ally and based on previous research, the use of patient-reported
PA questionnaires may further overestimate PA levels (on aver-
age, by 84%) [67]. Activity-related devices (e.g. accelerome-
ters or pedometers) measure mobility-related data that reflect
real-world functional activities measured over long time peri-
ods, allowing researchers to capture improvements or decline
in activity levels as well as behavioral changes to targeted PA-
related interventions [68]. Specifically, activity-related devices
are able to quantify activity levels with respect to total volume,
and duration and intensity of movement periods (i.e. metabolic
equivalents; light, moderate, vigorous PA or sedentary time),
using acceleration count-based cut-points developed in various
studies of adult samples [64, 69].

Gaps in knowledge and future research directions in
evaluating PAOoutcomes

The current narrative review documents a paucity of evidence
regarding the use of device-based approaches that quantify
PA levels, as a metric of free-living mobility for persons with
symptomatic AD following PAO. The use of activity-related
devices may provide greater insights into the real-world effects
of PAO on activity and mobility-related function in persons
with symptomatic AD. Based on the two studies that evalu-
ated PA levels in persons with symptomatic AD using device-
measured approaches [23, 28], application of PA-related devices
(accelerometers) has provided precise, individualized data
regarding specific category of activity levels, includingmoderate-
to-vigorousPA, in real life. In turn, thesedata can influence future
therapeutic interventions such as designing targeted behavioral
or individualized rehabilitative programs. Various options are
available to accurately measure PA levels before and after PAO,
such as accelerometry-based and global positioning system-
baseddevices.Thesedevices capture daily activity during contin-
uous, real-life situations (i.e. walking, running, laying or sitting)
for long time periods (e.g. 1–3 weeks) [70, 71]. Additionally,
these devices measure and store acceleration data and convert
these data into various, meaningful outcomes such as daily step
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counts, sedentary behavior and activity intensity/volume [72].
Application of these activity-related devices may allow for the
study of demographic, surgical and rehabilitation-related factors
associated with improvement/normalization of PA. Specifically,
worse pre-operative mental health [73], severe acetabular mor-
phology (i.e. lower CEA) [35] and male sex [3] have been
associated with worse outcomes following PAO, and thus, these
could be studied for their effect on device-measured, real-world
mobility outcomes. Additionally, rehabilitation-specific clinical
measures, such as muscle performance (shown to be decreased
in those with symptomatic AD/following PAO) [7, 21] and
movement patterns/neuromuscular control during various tasks
(squat, jump or walk), could be studied for their potential influ-
ence on device-measured PA before and following PAO. In turn,
this work could inform targeted rehabilitation and/or behav-
ioral intervention studies and clinical trials focused on maximiz-
ing real-world, mobility-related outcomes evaluatedwith activity
monitors.

Beyond the use of PA-related devices, other technology-based
data-gathering methods may provide further insights into real-
world, daily function and recovery for patientswith symptomatic
AD following PAO. One such data-gathering method that may
have important utility in those following PAO is experience sam-
pling methodology (ESM) [74]. ESM is a technology-driven
data-gathering method used to understand the day-to-day expe-
rience related to a given construct [74]. In ESM, individuals
respond to prompts (typically administered using smartphones)
multiple times during their daily life about their experience
related to a construct of interest at that point in time [75]. In
patients with symptomatic AD following PAO, ESM could be
used to evaluate important PROs (like pain or function) multi-
ple times during the day or regularly (e.g. daily or weekly) over a
longer period of data collection. Unlike one-time questionnaire
completion, ESM does not rely on the patient’s ability and/or
willingness to recall what they experienced over time and across
varying situations. Thus, ESM may avoid inaccuracies and/or
biases observed with retrospective self-assessment [66]. Impor-
tantly, pain intensity is a key impairment for persons with symp-
tomatic AD and a critical outcome to measure the effectiveness
of PAO for these persons [14]. Pain could be assessed prior to
PAOaswell as at regular intervals followingPAO, usingESMand
valid and reliable pain-related scales (e.g. NPRS [76], VAS [77]
or the HOOS pain subscale [78]). A comprehensive pain eval-
uation across multiple time points following PAO could provide
more specific data regarding daily, real-time recovery and help
to target/modify rehabilitation programs and post-operative
medical care.

Limitations and considerations regarding this review
There are important limitations of the current review. First, a
majority of the included studies (n= 14) were of low-quality
study design (retrospective). This finding demonstrates the
overall lack of strong evidence related to patient-reported and
mobility-related outcomes following PAOand should be consid-
ered when interpreting findings from this review. Second, for the
current review, we expected few published studies that evaluated
laboratory-based functional performance as well as mobility-
related outcomes in persons with symptomatic AD, both before

and after PAO. As a first step in evaluating these outcomes,
we limited our search to one database representing the pre-
mier source of medical-related studies (PubMed). Although not
likely, limiting the search to one database may have missed other
relevant studies of patient-reported and/ormobility-related out-
comes following PAO. Lastly, the current state of evidence for
both patient-reported and mobility-related outcomes in persons
with symptomatic AD before and after PAO prevented us from
performing amore thorough quantitative synthesis of our results
(i.e. meta-analysis).

CONCLUSIONS
Overall, our current narrative review indicates that persons with
symptomatic AD exhibited significant improvements across var-
ious PROs (pain, function, quality of life and self-reported
PA) following PAO. To date, very few studies have evaluated
laboratory-based functional performance and mobility-related
outcomes in persons with symptomatic AD after PAO, and these
studies were typically of low quality and included relatively small
samples. Futurework should evaluatemobility-related outcomes
in persons with symptomatic AD following PAO using perfor-
mance tests and free-living outcomes (e.g. activity monitors or
ESM) for capturing real-time mobility-related and other impor-
tant outcomes.
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