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ABSTRACT 
Background: Wearable technologies can make recovery after major lower-limb orthopedic surgery more visible, but their clinical value 
depends on how patients and clinicians interpret and act on the data they produce. Qualitative inquiry is needed to understand 
motivation, reassurance, anxiety, clinical meaning, workload, and digital exclusion. Objective: To explore patient and clinician 
experiences of wearable-supported rehabilitation and identify conditions under which wearable data are perceived as supportive, 
clinically meaningful, and feasible. Methods: An interpretive qualitative descriptive interview study included 14 purposively selected 
participants: nine postoperative patients and five clinicians involved in orthopedic rehabilitation. Semi-structured interviews were 
analyzed using reflexive thematic analysis. Results: Four themes were developed: numbers as reassurance and momentum; 
quantified recovery as pressure; data requiring clinical context; and remote visibility creating new work and inequities. Personal trends 
could make progress tangible, whereas inflexible targets could be experienced as judgment. Clinicians interpreted longitudinal 
patterns alongside symptoms, function, and circumstances. Remote monitoring was perceived as useful only when review 
responsibilities, escalation pathways, technical support, and non-digital alternatives were clear. Conclusion: Participants perceived 
wearables as most acceptable when they supported conversation rather than replaced it. Personalized goals, contextualized 
feedback, defined monitoring responsibilities, and equitable access are important sustainability conditions. Keywords: wearable 
technology; orthopedic rehabilitation; total knee arthroplasty; total hip arthroplasty; qualitative research; remote monitoring. 
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INTRODUCTION 

Recovery after major lower-limb orthopedic surgery requires patients to translate clinical advice into 
repeated activity, exercise, pacing, and self-management at home. Total knee and hip arthroplasty 
illustrate this challenge: surgery may reduce pain and improve function, yet recovery trajectories vary and 
conventional follow-up provides only intermittent views of what happens between appointments. 
Smartphone applications, activity trackers, inertial sensors, and sensor-enabled exercise systems have 
therefore been introduced to make postoperative activity and functional change more visible. A systematic 
review of randomized studies found potential benefits across adherence, mobility, pain management, and 
satisfaction, but also substantial heterogeneity in technologies, outcomes, and delivery models (1). 

Trials suggest that digitally supported rehabilitation can be feasible in selected arthroplasty populations. 
Smartwatch-linked self-directed rehabilitation produced short-term outcomes comparable with 
conventional pathways in one randomized trial, activity-tracker feedback increased daily step counts after 
hip or knee arthroplasty, and remote physical therapy achieved similar outcomes to supervised outpatient 
therapy after same-day discharge total knee arthroplasty in another selected cohort (2-4). These findings 
describe clinical outcomes but do not determine how patients interpret fluctuating numbers or how 
clinicians decide whether a pattern requires reassurance, treatment modification, or escalation.  
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Experience and acceptability evidence indicates that technology is often valued when it strengthens 
access, feedback, and continuity rather than replacing professional contact. Patients using remote-
monitoring and app-based programs have generally reported ease of use and motivation, while many 
continue to prefer hybrid rehabilitation. Studies of patients considering wearable monitoring, qualitative 
syntheses of telerehabilitation experiences, and user-centered work with patients and physiotherapists 
similarly emphasize personalization, usability, timely communication, progress feedback, and therapist 
oversight (5-8). Qualitative methods are therefore necessary to examine meanings that outcome trials 
cannot capture, including when numerical targets reassure, become moralized as success or failure, alter 
patient-clinician communication, or create uncertainty about who is monitoring the data. 

Wearable measures may complement rather than replicate patient-reported outcomes. Sensor-based 
studies have detected postoperative gait and mobility dimensions that are not consistently represented by 
standard clinical measures, and objective trajectories may diverge from patients' reports of pain or function 
(9-11). This additional information creates an interpretive problem because device placement, algorithms, 
adherence, symptoms, and daily circumstances can all influence a recorded pattern, while 
methodological inconsistency continues across clinical applications of wearable motion sensors (12). 
Expectations also shape how recovery is judged; patients may anticipate pain relief, mobility, and return to 
valued activities along a more linear path than their actual recovery follows (13). A plateau or low daily 
score can therefore become psychologically consequential even when it reflects appropriate pacing rather 
than clinical deterioration. 

Access and implementation further determine whether monitoring is supportive. Digital-literacy research 
demonstrates substantial variation among older adults in device skills, confidence, and appraisal of digital 
health information (14,15). Wearable-supported rehabilitation may consequently redistribute work to 
patients, family members, and clinicians while excluding people who lack compatible devices, 
connectivity, vision, dexterity, language support, or confidence. Using a SPIDER-informed qualitative focus, 
this study examined postoperative patients and rehabilitation clinicians, wearable-supported recovery as 
the phenomenon of interest, semi-structured interviews as the design, perceived meaning and 
acceptability as the evaluation, and qualitative analysis as the research type. The objectives were to 
explore how patients and clinicians interpreted recovery metrics, identify barriers and facilitators affecting 
motivation and communication, assess perceived acceptability and burden, and define conditions 
considered necessary for clinically meaningful and sustainable use. 

MATERIALS AND METHODS 

An interpretive qualitative descriptive design was used to explore experiences of wearable-supported 
rehabilitation after major lower-limb orthopedic surgery. The design was selected to examine how 
participants understood recovery data and how those interpretations shaped reassurance, motivation, 
communication, and perceived responsibility. The final sample comprised 14 participants: nine 
postoperative patients recovering from total knee arthroplasty, total hip arthroplasty, or lower-limb fracture 
repair, and five clinicians working in physiotherapy, orthopedic practice, or rehabilitation nursing. Purposive 
sampling sought variation in operation type, rehabilitation experience, digital confidence, and professional 
role. The purpose was conceptual breadth rather than statistical representativeness. 

A semi-structured interview guide addressed five areas: experiences of wearing and maintaining the 
device; interpretation of step counts, movement measures, or exercise-completion data; responses to 
goals, reminders, and alerts; use of wearable information in patient-clinician communication; and 
decisions about seeking reassurance, adjusting activity, or escalating concerns. Patients were assigned 
anonymous identifiers P1-P9 and clinicians C1-C5 in the analytic report and supporting quotations. 

Data were analyzed using Braun and Clarke's reflexive thematic analysis (16,17). Analysis began with 
repeated reading to develop familiarity with the participant accounts. Semantic content concerning 
motivation, usability, and reassurance was coded alongside interpretive concepts including self-
surveillance, responsibility, uncertainty, and redistribution of clinical work. Codes were compared within 
and across patient and clinician accounts and organized into candidate themes. Candidate themes were 
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reviewed for internal coherence, distinction from one another, and their capacity to explain tensions in 
wearable-supported rehabilitation rather than merely summarize opinions. Divergent and disconfirming 
accounts were retained so that technology acceptance was not represented as homogeneous. The final 
thematic structure captured how wearable data shaped meaning, communication, responsibility, and 
access. 

Trustworthiness was supported through an explicit coding trail, repeated comparison of candidate themes 
with participant accounts, attention to divergent cases, and reflexive consideration of how assumptions 
about digital innovation could privilege favorable interpretations. Comparing patient and clinician 
accounts provided source triangulation across experiential and professional perspectives. The revised 
report was prepared with reference to the Consolidated Criteria for Reporting Qualitative Research and the 
Standards for Reporting Qualitative Research (18,19). Ethical approval was obtained from Universitas 
Prima Indonesia. 

RESULTS 

The analysis included accounts from nine postoperative patients and five rehabilitation clinicians. Four 
themes described how wearable metrics could support recovery while also creating psychological, 
interpretive, organizational, and access-related tensions. Table 1 reports explicit representation by 
participant group; frequency intensity was not estimated. 

Table 1. Theme matrix by participant group 

Theme Patient accounts Clinician accounts Cross-group interpretation IDs 
Numbers as 
reassurance and 
momentum 

Present: weekly trends and 
small step gains made 
progress visible. 

Present: longitudinal change 
summarized accumulated 
effort. 

Personal trajectories were 
more meaningful than 
generic targets. 

P1, 
P2, 
C1 

Quantified recovery 
can become 
pressure 

Present: low scores could 
be experienced as failure or 
device inconsistency. 

Present: numbers could 
become judgments without 
explanation of normal 
fluctuation. 

The same metric could 
motivate or moralize 
recovery. 

P4, 
C2 

Data requires 
clinical context 

Present: patients sought 
help reconciling rising 
activity with persistent 
symptoms. 

Present: clinicians interpreted 
trends alongside pain, sleep, 
confidence, and 
circumstances. 

Wearable output functioned 
as a prompt for inquiry, not 
a standalone conclusion. 

C3, 
C4 

Remote visibility 
creates new work 
and new inequities 

Present: device linkage and 
digital support affected 
continued use. 

Present: dashboards created 
expectations about review, 
response, and out-of-hours 
monitoring. 

Continuity depended on 
clear responsibility and 
inclusive support. 

P9, 
C5 

Presence is based on explicit representation in the thematic narrative and excerpts; it is not a frequency 
estimate. 

Theme 1: Numbers as reassurance and momentum 

Patients described postoperative progress as difficult to judge when pain, stiffness, and fatigue varied from 
day to day. Weekly graphs and small gains made change tangible when subjective improvement remained 
uncertain. Clinicians described a similar function but emphasized patterns over isolated readings. Across 
groups, comparison with a patient's own baseline was perceived as more useful than applying a 
generalized activity threshold. Wearable data therefore appeared to support motivation most clearly when 
it documented personal momentum without prescribing a rigid pace. 

Theme 2: Quantified recovery can become pressure 

Visibility also created pressure. Patients could interpret a low activity score as evidence that they had 
failed, even when they had been active in ways the device did not capture or had paced activity in response 
to symptoms. Clinicians similarly recognized that numbers could become judgments when normal 
fluctuation was not explained. Technical inconsistency intensified this problem by weakening confidence 
in the metric while leaving its emotional authority intact. The tension concerned not monitoring alone but 
uncertainty about how strictly targets should be followed and whether rest would be interpreted as non-
adherence. 
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Theme 3: Data requires clinical context 

Clinicians resisted treating wearable output as self-explanatory. A decline in activity was perceived as a 
prompt to ask about pain, sleep, confidence, home circumstances, and device use, while persistent 
decline accompanied by worsening symptoms was considered more concerning than a single low reading. 
Patients also wanted help reconciling objective improvement with continuing stiffness or uncertainty. 
These accounts supported a complementary model in which sensor trends, symptoms, function, and 
clinical judgment were interpreted together rather than treated as competing sources of truth. 

Theme 4: Remote visibility creates new work and new inequities 

Remote monitoring was perceived to extend care beyond scheduled appointments, but visibility created 
expectations that someone would review the dashboard and respond when recovery deviated from 
expectations. This generated questions about review frequency, alert thresholds, documentation, and out-
of-hours responsibility.  

Table 2. Representative quotations supporting themes and subthemes 

Subtheme Verbatim quotation Participant 
Progress over 
time 

"I could not feel improvement each day, but the weekly graph offered me proof 
that I was making progress, rather than telling me what to do." 

P1, patient after knee 
surgery 

Small gains as 
momentum 

"Adding two hundred steps felt insignificant, but after the surgery they got 
something I could measure and see that I am moving forward." 

P2, patient after knee 
arthroplasty 

Trends 
summarize effort 

"Quantification was effective when patients observed the progression, as they 
could prompt improvement when their pain scale score was not significantly 
altered, but instead displayed the summation of effort." 

C1, physiotherapist 

Low scores as 
failure 

"When the number was low, then I felt unsuccessful in the day, though I was 
actually quite active doing something, too bad about the tech inconsistent with 
the result." 

P4, postoperative 
patient 

Numbers as 
judgment 

"A number can be motivational, however, it can also become a judgement when 
nobody tells why a recovery has ups and downs." 

C2, rehabilitation 
nurse 

Contextual 
inquiry 

"When there was a drop in action I would have wanted to know about pain and 
sleep and confidence and what occurred at home and so forth." 

C3, physiotherapist 

Concerning 
patterns 

"Data patterns of continuous decline with worsening symptoms are what make 
me concern myself." 

C4, orthopedic 
clinician 

Monitoring 
expectations 

"When patients become aware that the dashboard is part of the system, they 
would rightly think that someone will take notice when their recovery is not going 
as expected." 

C5, physiotherapist 

Participation also depended on digital resources. One patient relied on a daughter to link the device and 
might otherwise have stopped using it. Connectivity, charging, language, vision, dexterity, and confidence 
were therefore linked to continuity and safety rather than convenience alone. Across the four themes, 
wearables were perceived as most useful when data remained secondary to clinical conversation. 

 

Figure 1. Presence map of qualitative subthemes by participant group 

The figure shows shared patient-clinician representation for visible progress, personal baseline 
comparison, metric-related pressure, and the need to contextualize data. Patient accounts contributed the 
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clearest evidence about technical inconsistency and digital support, whereas clinician accounts 
contributed the clearest evidence about trend-based inquiry and monitoring workload. These contrasts 
reinforce that wearable-supported rehabilitation was perceived simultaneously as a patient-facing 
feedback system and a clinical service requiring interpretation and governance. 

DISCUSSION 

This study suggests that wearable-supported orthopedic rehabilitation is best understood as a relational 
intervention in which technology changes feedback, expectations, and responsibility. Participants did not 
describe wearables as uniformly acceptable or unacceptable. The same metric could reassure, motivate, 
create pressure, or confuse depending on whether it was personalized, contextualized, and discussed. The 
four themes therefore locate clinical value not in data volume alone but in the interaction among numerical 
trends, symptoms, expectations, professional interpretation, and service design. 

The perceived motivational value of visible progress is consistent with trials showing that wearable 
feedback can support activity and self-directed rehabilitation after arthroplasty (2,3). It also accords with 
patient-experience research in which remote monitoring was valued for usability, feedback, and 
connection with the clinical team, while professional contact remained important (5-8). The present 
findings qualify those benefits. Motivation appeared most credible when patients compared progress with 
their own baseline and understood that daily variability could reflect pain, fatigue, or appropriate pacing. 
Static targets, by contrast, could transform rehabilitation from support into a perceived test of effort. 
Programs should therefore negotiate adaptive goals and explain that temporary reductions in activity are 
not automatically evidence of poor adherence. 

The findings also challenge the assumption that objective data are inherently more truthful than patient 
reports. Wearable sensors can capture gait and activity dimensions that patient-reported outcomes may 
miss, and objective and subjective recovery trajectories can diverge (9-11). However, device placement, 
algorithms, non-wear, symptoms, and daily circumstances affect the meaning of a recorded value, while 
clinical applications remain methodologically inconsistent (12). Clinicians in this study consequently 
treated trends as prompts for questions rather than diagnostic endpoints. Emerging thresholds for 
meaningful change in objective gait metrics may assist interpretation, but they cannot replace the patient's 
account of why activity changed (20). 

Remote visibility also has implementation consequences. Monitoring can reduce uncertainty between 
appointments only if data are reviewed, interpreted, communicated, and documented. Without defined 
governance, technology redistributes rather than removes clinical work. Services should specify who 
reviews dashboards, at what interval, which patterns trigger contact, how actions are recorded, and what 
patients should expect outside working hours. Dashboard design should prioritize actionable trajectories 
instead of maximizing the number of displayed variables. 

Equity requires comparable attention. Variation in older adults' digital skills and confidence is well 
established (14,15), and the patient account of relying on a family member demonstrates how technical 
support can become part of continuity and safety. Accessible onboarding, plain language, device and 
connectivity support, optional caregiver involvement, and non-digital pathways may reduce exclusion. 
Patients should not be characterized as non-adherent when the underlying barrier is an inaccessible 
interface, inadequate support, or a monitoring model that assumes resources they do not possess.  

Several limitations shape interpretation. The purposive sample was small and limited to major lower-limb 
surgery, reducing transferability to upper-limb, spinal, or pediatric rehabilitation. Inclusion of arthroplasty 
and fracture repair increased conceptual breadth but may have obscured procedure-specific expectations 
and activity trajectories. Device-specific comparisons were not available, so the findings cannot identify 
which sensor, interface, or algorithm was most acceptable. The cross-sectional design captured 
perceptions at one stage of recovery and could not show how the meaning of data changed over time. 
Social-desirability influences also cannot be excluded when participants discuss technology connected 
with clinical care. Comparison across patient and clinician accounts, attention to divergent cases, and a 
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coding trail supported trustworthiness, but the small and heterogeneous sample limits the breadth of 
perspectives represented. Longitudinal interviews linked to sensor traces could examine how participants 
interpret episodes of progress, plateau, overactivity, non-wear, and alerts while also evaluating workload, 
false alerts, digital exclusion, and adaptive versus static goals. 

CONCLUSION 

Patients and clinicians perceived wearable-supported rehabilitation as most acceptable when it made 
personal progress visible without turning recovery into a rigid performance target. Its perceived 
mechanisms included reassurance through longitudinal trends, support for self-management, and earlier 
clinical inquiry, while its conditions included personalized goals, contextual interpretation, clear 
monitoring and escalation responsibilities, technical support, and non-digital alternatives. Wearables 
should therefore complement clinical conversation rather than substitute for it, with implementation 
focused on adaptive feedback, equitable access, and governance that makes remote visibility actionable 
and sustainable. 

REFERENCES 

1. Gordon AM, Nian P, Baidya J, Scuderi GR, Mont MA. Randomized controlled studies on smartphone 
applications and wearable devices for postoperative rehabilitation after total knee arthroplasty: a 
systematic review. J Arthroplasty. 2025;40(8):2204-2213.e1. doi: 10.1016/j.arth.2025.01.034. 

2. Tripuraneni KR, Foran JRH, Munson NR, Racca NE, Carothers JT. A smartwatch paired with a mobile 
application provides postoperative self-directed rehabilitation without compromising total knee 
arthroplasty outcomes: a randomized controlled trial. J Arthroplasty. 2021;36(12):3888-3893. doi: 
10.1016/j.arth.2021.08.007. 

3. Van der Walt N, Salmon LJ, Gooden B, Lyons MC, O'Sullivan M, Martina K, et al. Feedback from activity 
trackers improves daily step count after knee and hip arthroplasty: a randomized controlled trial. J 
Arthroplasty. 2018;33(11):3422-3428. doi: 10.1016/j.arth.2018.06.024. 

4. Bradbury TL, McConnell MJ, Whitacre D, Naylor BH, Gibson BT, DeCook CA. A remote physical therapy 
program demonstrates similar outcomes compared to in-person, supervised physical therapy after 
same-day discharge total knee arthroplasty: a randomized clinical trial. J Arthroplasty. 
2024;39(11):2725-2730.e4. doi: 10.1016/j.arth.2024.05.040. 

5. Booth MW, Riegler V, King JS, Barrack RL, Hannon CP. Patients' perceptions of remote monitoring and 
app-based rehabilitation programs: a comparison of total hip and knee arthroplasty. J Arthroplasty. 
2023;38(7 Suppl):S39-S43. doi: 10.1016/j.arth.2023.04.032. 

6. Kurtz SM, Higgs GB, Chen Z, et al. Patient perceptions of wearable and smartphone technologies for 
remote outcome monitoring in patients who have hip osteoarthritis or arthroplasties. J Arthroplasty. 
2022;37(7 Suppl):S488-S492.e2. doi: 10.1016/j.arth.2022.02.026. 

7. Zhang W, Ji H, Wu Y, Xu Z, Li J, Sun Q, et al. Patients' needs and experiences of telerehabilitation after 
total hip and knee arthroplasty: a qualitative systematic review and meta-synthesis. Digit Health. 
2024;10:20552076241256756. doi: 10.1177/20552076241256756. 

8. Chew ES, Scully AE, Koh SSM, Woon EL, Low JKMS, Kwan YH, et al. Understanding patient and 
physiotherapist requirements for a personalized automated smartphone telemonitored app for 
posttotal knee arthroplasty rehabilitation: qualitative study. JMIR Rehabil Assist Technol. 
2025;12:e59688. doi: 10.2196/59688. 

9. Gianzina E, Kalinterakis G, Delis S, Vlastos I, Sachinis NP, Yiannakopoulos CK. Evaluation of gait 
recovery after total knee arthroplasty using wearable inertial sensors: a systematic review. Knee. 
2023;41:190-203. doi: 10.1016/j.knee.2023.01.006. 

https://linkmjhcr.com/index.php/lmj/index
https://portal.issn.org/resource/ISSN/3007-3448
https://linkmjhcr.com/index.php/lmj/copyrightpolicy
https://linkmjhcr.com/index.php/lmj/licensingpolicy


Link Medical Journal of Health and Community Research 
LMJHCR-228 | 2026;4(1) | ISSN 3007-3448 | © 2026 The Authors | CC BY 4.0 | Page 7 

10. Wu KA, Kugelman DN, Goel RK, Dilbone ES, Ryan SP, Wellman SS, et al. How do patient-reported 
outcomes correlate with real-time objective measures of function after total knee arthroplasty? A 
prospective study using daily gait metrics. J Arthroplasty. 2025;40(7):1711-1718. doi: 
10.1016/j.arth.2024.12.007. 

11. Boekesteijn R, Smolders J, Busch V, Keijsers N, Geurts A, Smulders K. Objective monitoring of 
functional recovery after total knee and hip arthroplasty using sensor-derived gait measures. PeerJ. 
2022;10:e14054. doi: 10.7717/peerj.14054. 

12. Small SR, Bullock GS, Khalid S, Barker K, Trivella M, Price AJ. Current clinical utilisation of wearable 
motion sensors for the assessment of outcome following knee arthroplasty: a scoping review. BMJ 
Open. 2019;9(12):e033832. doi: 10.1136/bmjopen-2019-033832. 

13. Mehta SP, Ventura LM, Boone JD, Oliashirazi A. A qualitative study to explore patient expectations of 
recovery after total knee replacement surgery. Musculoskelet Care. 2025;23(3):e70178. doi: 
10.1002/msc.70178. 

14. Oh SS, Kim KA, Kim M, Oh J, Chu SH, Choi J. Measurement of digital literacy among older adults: 
systematic review. J Med Internet Res. 2021;23(2):e26145. doi: 10.2196/26145.  

15. Wang X, Luan W. Research progress on digital health literacy of older adults: a scoping review. Front 
Public Health. 2022;10:906089. doi: 10.3389/fpubh.2022.906089. 

16. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006;3(2):77-101. doi: 
10.1191/1478088706qp063oa. 

17. Braun V, Clarke V. One size fits all? What counts as quality practice in (reflexive) thematic analysis? 
Qual Res Psychol. 2021;18(3):328-352. doi: 10.1080/14780887.2020.1769238. 

18. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item 
checklist for interviews and focus groups. Int J Qual Health Care. 2007;19(6):349-357. doi: 
10.1093/intqhc/mzm042. 

19. O'Brien BC, Harris IB, Beckman TJ, Reed DA, Cook DA. Standards for reporting qualitative research: a 
synthesis of recommendations. Acad Med. 2014;89(9):1245-1251. doi: 
10.1097/ACM.0000000000000388. 

20. Redfern RE, Khan ST, Archibeck MJ, Peters CL, Anderson MB, Piuzzi NS. Establishing minimal clinically 
important difference and substantial clinical benefit thresholds for objective gait metrics after total 
knee arthroplasty. J Arthroplasty. Published online April 9, 2026. doi: 10.1016/j.arth.2026.03.101. 

https://linkmjhcr.com/index.php/lmj/index
https://portal.issn.org/resource/ISSN/3007-3448
https://linkmjhcr.com/index.php/lmj/copyrightpolicy
https://linkmjhcr.com/index.php/lmj/licensingpolicy

