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Abstract...

Objectives: Studies examining the relationship between physical activity data generated by wearable sensors from pa-
tients undergoing orthopaedic surgical procedures and capability (measured using patient reported outcome measurements
or PROMs) are lacking. The primary objective was to assess the correlation between preoperative activity data from wearables
and baseline capability (KOOS JR and HOOS JR) in patients with osteoarthritis undergoing Total Joint Arthroplasty (TJA) for
knees or hips. Secondarily, we assess the correlation between pre-operative wearable activity data and baseline depression,
general physical health and mental health, and six-week postoperative capability.

Methods: In this pilot study we prospectively recruited forty-eight patients at an academic medical center undergoing TJA
and provided them with wearable sensors (Fitbit Charge 2 or Fitbit Alta) at least six weeks prior to their procedure. We tracked
wearable sensor generated daily step counts, durations of activity, and sedentary behavior. We collected measures of capabil-
ity (KOOS JR, HOOS JR), general physical and mental health (PROMIS Global-10), and symptoms of depression (Patient Health
Questionnaire-2) preoperatively. Capability was also assessed postoperatively at six weeks.

Results: Pre-operative daily step count, activity minutes, and sedentary minutes captured using wearables were not associ-
ated with baseline capability. A greater number of pre-operative daily steps were associated with fewer symptoms of depres-
sion (p=-0.49, P=0.03) and greater preoperative general physical health (r(18)=0.49, P=.03). Greater preoperative wearable-
derived daily activity minutes were also negatively associated with symptoms of depression (p=-0.49, P=0.03). No associations
were found between baseline wearable activity and six-week level of capability.

Conclusion: The association between wearable-sensor generated markers of activity with pre-operative psychological dis-
tress and pre-operative general physical health signal opportunities to use this technology to passively assess health status
and reduce the survey burden on patients undergoing joint replacement surgery. Further work is required to validate wearable
sensor technology for clinical decision support and shared decision making.
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Introduction

Osteoarthritis (OA) of the hip and knee is a leading cause
of disability, estimated to impact around 240 million people
worldwide including more than 32 million adults in the U.S [1].
Those with severe OA can be managed with Total Knee Arthro-
plasty (TKA) and Total Hip Arthroplasty (THA), procedures that
are shown to consistently alleviate pain, restore mobility, and
increase quality of life [2,3]. Patient-Reported Outcome Mea-
sures (PROMs) are validated surveys designed to actively cap-
ture a patient’s perception of capability and comfort related to
a health condition. These tools have been used extensively in
the evaluation of outcomes following TKA and THA [4-6]. The
digitization of PROMs collection using online platforms and
devices such as tablets and smartphones has made it easier to
collect and integrate the data from these tools into electronic
medical records of patients. However, active capture of such
patient generated health data can pose a survey burden on
patients and administrative challenges to health systems [5,7].
Greater access to consumer-grade wearable sensors, such as
smartwatches and activity trackers, has made it feasible to use
these tools to collect real-time activity data in post-surgical pa-
tients [8]. Though recent studies have assessed the correlation
between PROMs with activity-related metrics from wearable
sensors, knowledge gaps remain around the feasibility of wear-
ables to assess an individual’s health status in different clinical
settings, and the relationship between metrics generated by
these tools with other health domains, such as psychosocial
factors. Thus, we were interested in assessing the correlation
between wearable-derived activity data from commercially
available Fitbit devices and PROMs capturing capability as well
as general physical and mental health in patients with hip or
knee OA undergoing joint replacement surgery. The primary
objective of this study was to assess the association between
preoperative (baseline) wearable activity data (step count, ac-
tivity minutes, and sedentary minutes) with baseline capability
(HOOS JR and KOOS JR). Secondarily we assess the relationship
between baseline wearable- activity data with baseline symp-
toms of depression, general physical health, and general men-
tal health. Finally, we assess the relationship between baseline
wearable activity data and six-week postoperative capability.

Methods
Study design and sampling

We performed a prospective study involving the recruitment
of a consecutive series of adult patients at an academic ortho-
paedic clinic. We included new adult patients aged 18 years or
older presenting with OA of the hip or knee undergoing THA or
TKA respectively. Patients were required to have a smartphone
device to allow installation of the FitBit mobile application to
pair with, store, and enable efficient upload of data generated
by the wearable component (a FitBit personal digital device
worn on the wrist). We acquired study approval from our lo-
cal Institutional Review Board and enrolled 48 patients after ac-
quiring informed consent.

We extracted demographic data, preoperative and six-week
postoperative Hip Disability and Osteoarthritis Outcome Score
— Joint Replacement (HOOS JR) or Knee Injury and Osteoarthri-
tis Outcome Score- Joint Replacement (KOOS JR) scores, and

the date of surgery from the electronic health records (Athe-
nahealth, Watertown, MA, USA). We provided participants in
the study with one of two commercially available, wrist-based
activity trackers (Fitbit Charge 2 or the Fitbit Alta, Fitbit, San
Francisco, CA, USA) at enrollment. Research assistants educat-
ed study participants on wearable use and maintenance, such
as charging the wearable, and requested patients to wear the
device daily from the initial (or baseline) clinical appointment
until their six-week postoperative visit. Deidentified data cap-
tured by the activity tracking device was transmitted wirelessly
to the Fitbit companion mobile application and subsequently
uploaded to the Fitbit servers using a secure and encrypted
connection. Researchers installed the mobile application on
participants’ phones and paired each device with this applica-
tion at the time of study enrollment. Research team members
accessed participants’ data through a third-party interface to
the Fitbit servers; this interface was provided by Fitabase (Fit-
abase, San Diego, CA, USA).

TJIRs were performed by one of three surgeons and all pa-
tients underwent standard clinical preoperative and postopera-
tive protocols as designated by surgeons and current standard-
of-care.

Measures

Fitbit (Charge2 and Alta): Fitbit Charge 2 and Fitbit Alta are
consumer-grade, wireless-enabled activity trackers released
by Fitbit in 2016. The activity trackers are worn on the wrist
and designed for daily general use with wearable sensors that
collect activity metrics including hourly and daily step counts,
distance covered, calories burned, and number of minutes des-
ignated by Fitbit’s software algorithm.

Patient-Reported Outcome Measures (PROMs): We collect-
ed PROMs data for all subjects from the electronic medical re-
cord. At the preoperative surgical consultation visit, the Patient
Health Questionnaire 2 (PHQ-2), PROMIS Global Health-10, and
either the HOOS JR or KOOS JR for patients undergoing THA
or TKA respectively were collected. PHQ-2 is a widely used,
validated screening tool for symptoms of depression. PRO-
MIS Global-10 is a general health survey reflecting quality of
life, providing two separate interval scores for general physical
health and general mental health with ranges from 16.2-67.7
and 21.2-67.6, respectively. Higher scores reflect greater qual-
ity of life in either the mental or physical domain. HOOS JR and
KOOS JR are specific to TIA and specifically measure hip and
knee specific function using interval scores encompassing pain,
physical function, and stiffness with ranges from zero-100. A
score of 100 reflects no limitations while 0 reflects maximum
limitations. The HOOS JR and KOOS JR were also collected at the
six-week postoperative visit.

Data collection

‘Data was securely collected and managed using HIPAA-
compliant, research database software, REDCap™ (Research
Electronic Data Capture) [9,10].

Inclusion eligibility for data analysis

First, we determined the eligibility of inclusion of Fitbit data
points per subject by examining the calories burned. We utilized
the hourly calorie metric to determine whether the device was
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worn on a given day. If a caloric metric above baseline calorie
was noted for at least 50% (or =8 hours) of waking hours (16
hours), this was considered as an included day of wear. Sub-
jects included based on these criteria were further examined to
ensure sufficient preoperative data and excluded if there was
not at least three days of preoperative wearable data. Excluding
the days for which no data was transmitted and date of surgery,
the daily average of steps, minutes, distance, and activity levels
were computed in the Fitbit-designed categories of very active,
moderately active, light active, and sedentary for the respective
daily averages.

Statistical analysis

We analyzed all data using STATA 16.1 (Statacorp, College
Station, TX, USA). We performed descriptive statistics to sum-
marize patient characteristics and Spearman’s correlation (p)
and Pearson’s product-moment correlation (R) to assess the
relationship between preoperative wearable-data and baseline
capability as well as further analyses to assess the relationships
between preoperative wearable activity data and baseline mea-
sures of symptoms of depression, general physical and mental
health, and six-week postoperative capability.

Results

We recruited a total of 48 patients from March 2018 through
March 2019. A total of 28 patients had incomplete data insuf-
ficient for analysis, withdrew from the study, or did not undergo
surgery (Figure 1). The final study cohort for analysis of this pilot
study included 20 patients. The mean age of this cohort was 63
years and primarily women (65%) (Table 1).

No significant associations were found between baseline
wearable activity data, including daily steps, activity minutes, or
sedentary time, with baseline capability.

Greater baseline step count was significantly associated with
lower levels of pre-operative depression (p=-0.49, P=0.03) and
greater levels of aggregated pre-operative physical activity min-
utes were associated with lower levels of preoperative psycho-
logical distress (p=-0.49, P=0.03) (Table 1).

Greater baseline daily step count was associated with great-
er preoperative general physical health (r(18)=0.49, P=.03).

Finally, there were no associations found between preopera-
tive wearable activity data and six-week postoperative hip or
knee capability (Table 2).

Table 1: Patient demographics for included cohort of patients.

Variable Value
N 20
Age, years 62.9+8.4
Gender
Men 7(35%)
Women 13(65%)
Race/ethnicity
White 16(80%)
Hispanic 1(5%)
Asian 1(5%)
Black or African American 1(5%)
Other 1(5%)
Index Surgery
Right THA 4(20%)
Left THA 3(15%)
Bilateral THA 2(10%)
Right TKA 3(15%)
Left TKA 6(30%)
Bilateral TKA 2(10%)
Preoperative PROMIS Global 10
Physical Health 43.1+9.4
Mental Health 53.0+6.8
Preoperative PHQ-2
Positive 2(10%)
Negative 18(90%)
Preoperative HOOS JR 51.6+16.4
Preoperative KOOS JR 53.0£12.6
6-week postoperative HOOS JR 85.9+16.9
6-week postoperative KOOS JR 61.8+8.7
Preoperative sensor data
Daily steps 6304.6+3121.8
Daily activity minutes 232.7+89.3
Daily sedentary time 917.8+203.8
Days with steps 73.8469.8

Discrete variables as number (percentage); continuous variables
as mean + standard deviation or median (interquartile range).

Table 2: Correlation between fitbit data measures and patient-reported outcome measures, preoperatively and 6-weeks postoperatively.

Preoperative wearable data
Step Count Activity Minutes Sedentary Minutes
Categorical variables Spearman correlation (p) | P-value = Spearman correlation (p) P-value @ Spearman correlation (p) = P-value
PHQ-2 -0.49 0.03* -0.49 0.03* 0.26 0.26
Continuous variables Pearson correlation (r) | P-value Pearson correlation (r) P-value Pearson correlation (r) = P-value
Preoperative HOOS JR 0.54 0.14 0.41 0.27 -0.31 0.42
Preoperative KOOS JR 0.12 0.71 -0.29 0.38 0.07 0.84
Preoperative PROMIS Global 10 Physical 0.49 0.03* 0.29 0.22 -0.11 0.63
Preoperative PROMIS Global 10 Mental 0.18 0.46 0.16 0.49 -0.06 0.79
6-week HOOS JR 0.49 0.18 0.51 0.17 -0.01 0.97
6-week KOOS JR 0.45 0.16 0.19 0.58 0.003 0.99

Bold indicates statistical significance, P<0.05. PHQ-2: Patient Health Questionnaire-2; HOOS JR: Hip Disability and Osteoarthritis Outcome
Score for Joint Replacement; KOOS JR: Knee Injury and Osteoarthritis Outcome Score -Joint Replacement.
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Figure 1: Patient exclusion from final cohort for data analysis.
This figure shows the reasons for patient exclusion from the final
cohort of subjects used for data analysis. Numbers represent the

number of patients in each category.

Discussion
Findings

Increased adoption of wearable technologies to track and
monitor activity levels provides an opportunity for clinicians
to track health status passively without burdening patients
with surveys while also enabling clinicians to understand a pa-
tient’s behavior outside the clinic setting and within their usual
environment. In this pilot study, we examined the correlation
between activity levels collected using wearable sensors and
PROMs of capability.

Firstly, we observed that there were no associations be-
tween preoperative wearable activity metrics and capability in
patients with hip or knee OA undergoing TJA. This could be a re-
sult of the relatively small sample size in this pilot study, a short
duration of follow-up, and a level of imprecision from analyzing
aggregated data using proprietary algorithms from consumer-
grade wearables. Studies to date validating consumer-grade
wearables following TJA also show mixed results including inac-
curacies within the capture of activity metrics such as distance
[11,12] and step counts [13]. Analysis using the raw wearable-
generated data (such as that generated by research grade wear-
ables) with specific statistical techniques to reduce noise and
spurious elements in the data, rather than aggregate scores
generated using proprietary algorithms may yield alternative
findings. Notably, machine learning has also been applied to
patient generated health data from wearables to better predict
outcomes and risk stratify patients to align them with treat-
ment options [14,15]. Prior studies using PROMs showed that
preoperative PROM scores were able to predict pain and func-
tion after total joint replacement but only at longer durations of
follow-up [16-19]. Studies also suggest that functional status for
patients during the six-week postoperative period after TJA de-
clines before improving [20,21]. Thus future work using wear-
able activity tracking should account for this recovery trajectory
and assess change and associations at different time points over
longer durations i.e., beyond early rehabilitation toward return
to usual activity and maintenance.

We also found that psychological distress correlates with
lower baseline activity levels and step counts, and physical
health related quality of life correlates with higher daily step
counts. These associations demonstrate the potential utility of
wearable activity trackers to passively and continuously capture
some important domains of physical and emotional health and
wellbeing in their usual environment. This approach confers
an advantage over PROMs which often increase the responder
burden and ultimately serve as static snapshots of health status
at discrete points in time.

Strengths and limitations

In this study, we examined different types of wearable ac-
tivity data, such as activity level and sedentary level, beyond
traditional accelerometer-based step-counts often used in prior
literature. A range of different metrics captured continuously
yields a more granular and voluminous set of data points for
analysis. Using not only condition-specific PROMs, but also
broader psychosocial and general health measures in conjunc-
tion with this wearable activity data enables a more holistic
evaluation of the patient’s health status.

There were several limitations to this study. Firstly, we expe-
rienced a substantial drop-off from patient enrollment to inclu-
sion of the subject data in analysis, resulting in a small sample
size. Future studies should involve larger cohorts and address
potential issues related to adherence and the feasibility of cap-
turing wearable-generated data over longer durations of time.
Qualitative studies assessing patient experiences could yield
some rich insights into the barriers and facilitators of this mode
of capturing health status. Second, selection bias may exist in
this study for more technologically minded patients in adhering
to the study protocol and complying with the use of wearables
over those that may be less familiar or comfortable with the
technology. A better understanding of the digital preferences
and digital literacy of diverse populations with this mode of
data capture might better inform future study designs using
this technology. Third, this pilot study also included a limited
number of patients recruited from an academic medical cen-
ter and thus may not be generalizable to other populations.
Notably, the final cohort of our patients does not reflect the
diversity of our usual clinic population. The sample of patients
were predominantly white where our broader clinical popula-
tion usually includes a substantial Hispanic population. Fourth,
we had difficulty accessing raw sensor data for analysis, as the
data was stored and transmitted through Fitbit’s proprietary ap-
plications.

Thus, we were unable to analyze metrics outside of the
generated algorithms. This, however, is a general limitation of
any research involving commercial-grade personal digital de-
vices incorporating wearable sensors. Finally, we did not collect
postoperative psychosocial or general health PROMs, and thus
we could not assess change in mental health and quality of life
between preoperative and postoperative time points [2,22]. Fi-
nally, patient medical history and conditions, such as the reason
for total joint replacement or BMI, was not examined. We were
thus not able to account for these additional clinical variables.

Conclusion

Patient-generated health data collected by wearables afford
clinicians an opportunity to better understand and predict pa-
tient health outcomes in their usual environment while reduc-
ing the burden of surveys on the patient. Psychosocial factors
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are a dominant driver of patient comfort and capability across
a range of health conditions. While our study did not find as-
sociations between preoperative wearable activity and base-
line capability, we did demonstrate that baseline measures of
symptoms of depression were negatively correlated with pre-
operative daily step counts and activity levels. We also found
higher general physical function was positively correlated with
preoperative daily step counts. Wearable technology continues
to evolve with increased sophistication of sensors and greater
opportunities to access to raw data through open-source algo-
rithms. Future work should evaluate the barriers and facilita-
tors of using these tools to capture health status among diverse
populations as well as validate the data generated from these
devices at scale with other markers of activity and behavior.
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