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Use of sensors in rehabilitation of patients undergoing knee arthroplasty: a systematic review
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ABSTRACT 

	
Aims: To characterize the use of inertial sensors for assessing mobility, function, and gait in patients undergoing unilateral knee arthroplasty for advanced osteoarthritis.
Study design: Systematic review. 
Place and Duration of Study: Searches were performed in PubMed, Embase, Scopus and Web of Science databases with no restrictions on date, language, or disease severity. Study selection was completed in 2025. Searches were last performed in 2025.
Methodology: This review was registered with PROSPERO (CRD420251002284) and conducted according to PRISMA guidelines. Two independent reviewers screened titles, abstracts, and full texts using predefined inclusion and exclusion criteria. Risk of bias was assessed using a 10-item adapted Downs & Black scale. Data on study populations, experimental protocols, and gait parameters were extracted and synthesized descriptively.
Results: Twenty-one cross-sectional studies were included, comprising 758 patients post-TKA and approximately 210 healthy controls. Inertial sensors ranged from 1 to 15 units, most placed on the lower back or pelvis. Walking protocols spanned 6–40 m courses, treadmill tests, oval circuits, and "free-living" monitoring. The primary parameters collected were spatiotemporal (speed, cadence, step length, phase durations) and kinematic (knee joint angles and pelvis/trunk movements). Studies demonstrated good reliability (ICC > 0.85) and accuracy (< 5° angular error). None explicitly investigated differences by prosthesis type. Findings reveal persistent spatiotemporal deficits and kinematic alterations following TKA.
Conclusion: Wearable inertial sensors appear to be valid and feasible tools for capturing mobility, function, and gait outcomes after knee arthroplasty. However, substantial methodological heterogeneity (e.g., sensor placement, sampling rates, assessment protocols, and outcome definitions) limits cross-study comparability and precluded meta-analysis. Standardization of protocols and improved reporting, together with higher-quality comparative studies (including evaluation of implant design effects), are priorities to support clinical implementation.
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1. INTRODUCTION 
Osteoarthritis (OA) is a chronic degenerative joint disease that represents one of the leading causes of disability in adults worldwide, with the knee being the most affected joint. The condition is characterized by the progressive degradation of articular cartilage and underlying subchondral bone, leading to debilitating pain, loss of function, and a significant reduction in quality of life (Cui, Li, & Chen, 2020; Giorgino et al., 2023). The global prevalence of OA has increased substantially, driven by factors such as population aging and rising rates of obesity, placing a considerable burden on healthcare systems and economies (Li et al., 2024).

For patients with advanced, end-stage knee OA, where conservative treatments such as physical therapy and pharmacological interventions have failed to provide adequate relief, total knee arthroplasty (TKA) is the definitive surgical treatment. TKA is a highly effective procedure aimed at alleviating pain, restoring joint function, and improving the overall quality of life for patients (Jang, Lee, & Ju, 2021; Olsen, 2024). Given the increasing number of TKA procedures performed annually, the accurate assessment of post-operative recovery and functional outcomes is of paramount importance. In parallel, implant-integrated smart sensor technologies have been proposed to enable objective intraoperative balancing and postoperative monitoring (Iyengar et al., 2021).


Traditionally, the evaluation of post-TKA outcomes has heavily relied on patient-reported outcome measures (PROMs), such as subjective questionnaires about pain and function. While valuable, these methods are inherently limited by their subjectivity, recall bias, and potential for ceiling effects, where patients may report high satisfaction despite persistent functional deficits (Heitkamp et al., 2024; Randall, 2024). In contrast, quantitative, objective methods like laboratory-based three-dimensional gait analysis are considered the gold standard for biomechanical assessment. However, the high cost, complex infrastructure, and time-consuming nature of these systems limit their feasibility and accessibility in routine clinical practice (Gianzina et al., 2023).

In recent years, wearable electronic devices, particularly inertial measurement units (IMUs), have emerged as a promising alternative for the objective and quantitative assessment of gait. These low-cost, portable sensors, typically comprising accelerometers, gyroscopes, and magnetometers, allow for the reliable measurement of spatiotemporal and kinematic parameters of walking in real-world, ambulatory settings (Bolink et al., 2015; Huang et al., 2020). The data captured by these devices can provide clinicians with precise, objective insights into a patient's functional recovery, helping to guide personalized rehabilitation protocols and monitor progress over time. Recent validation work supports the accuracy of wearable IMU systems for estimating knee kinematics during common activities of daily living (Forsyth et al., 2024).

Despite the growing adoption of this technology, there is a need to systematically synthesize the evidence regarding its application in the post-TKA population. A comprehensive understanding of the types of sensors used, the experimental protocols employed, and the specific biomechanical parameters measured is essential to standardize clinical practice and inform future research. Therefore, this systematic review aims to analyze the use of inertial sensors and other electronic devices for the assessment of mobility, function, and gait in patients who have undergone unilateral knee arthroplasty for the treatment of advanced osteoarthritis.

2. methodology
This systematic review was registered with PROSPERO under registration number CRD420251002284 and conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021).

2.1 Search Strategy and Study Selection 
A comprehensive literature search was performed across four major databases: PubMed (National Library of Medicine), Embase, Scopus and Web of Science. The search strategy utilized a combination of Boolean descriptors and was conducted with no restrictions on publication date, language, or disease severity. The search strategy was carried out from 08/20/2025 to 10/10/2025 using Boolean descriptors and adapted to each database as follows: (Knee Replacement OR Knee Arthroplasty) AND (Gait OR Walk*) AND (Sensor OR Wearable OR Inertial) AND (Spatiotemporal OR Joint angle OR Kinematic* OR Range of motion OR Biomechanic* OR Asymmetr* OR Variability OR Velocity OR Gait speed OR cadence OR step OR "stride length"). The search aimed to identify all relevant studies examining the use of electronic devices and sensors for assessing mobility, function, and gait in patients who had undergone unilateral knee arthroplasty for advanced osteoarthritis.
The selection process involved a two-stage screening performed independently by two reviewers. Initially, titles and abstracts of all identified articles were screened against predefined eligibility criteria. Subsequently, the full texts of the remaining articles were thoroughly assessed for final inclusion. Any discrepancies between reviewers during the screening process were resolved through discussion and consensus. When consensus could not be reached, a third reviewer was consulted. Disagreements were resolved by consensus; when consensus was not reached, a third reviewer adjudicated. 
2.2 Eligibility Criteria 
Studies were included if they met the following criteria: cross-sectional study design, use of inertial measurement units or other electronic sensors to assess gait parameters, inclusion of patients who had undergone unilateral total knee arthroplasty for osteoarthritis, and reporting of quantitative gait outcomes. We included studies of total knee arthroplasty (TKA) only in which wearable sensors were used to quantify gait/mobility/function outcomes. 
For synthesis, studies were grouped a priori into: (1) spatiotemporal outcomes, (2) kinematic outcomes, (3) measurement properties (reliability/validity), and (4) experimental protocols and sensor configurations. Studies were excluded if they did not use inertial sensors or equivalent electronic measurement devices, did not include a post-TKA patient cohort with confirmed arthroplasty status, were not original research articles (e.g., reviews, editorials, case reports), or did not report extractable gait data.
2.3 Data Extraction
Data extraction was performed systematically using a standardized form. Data were extracted independently by two reviewers using a piloted standardized extraction form. Discrepancies were resolved by consensus and, when necessary, by consultation with a third reviewer. When critical information was missing or unclear, we contacted study authors. No automation tools were used for data extraction. 
The following information was extracted from each included study: study identification (authors, year, country), sample characteristics (total number of participants, age range, sex distribution, time since surgery), experimental setup (type of walking test, distance, environment), instrumentation (type of sensor, number of units, anatomical placement), gait parameters measured (spatiotemporal, kinematic, kinetic), statistical analysis methods, and main findings. Outcomes of interest were defined a priori and organized into domains: spatiotemporal, gait metrics, kinematic metrics and sensor measurement properties. 
We also extracted study design, setting, sample characteristics, time since surgery, comparator groups, sensor type, placement, sampling frequency, walking/task protocol, and analytic approach (including proprietary algorithms when described), as well as funding and conflicts of interest when reported. If arthroplasty type or key protocol details were unclear, we classified as unclear. 
2.4 Risk of Bias Assessment
The methodological quality and risk of bias of the included studies were evaluated using an adapted 10-item version of the Downs & Black scale. This tool assesses reporting quality, external validity, and internal validity (bias and confounding). Two independent reviewers performed the quality assessment, and disagreements were resolved through discussion. Studies were not excluded based on quality scores, but the assessment informed the interpretation of findings and the strength of conclusions.


3. results and discussion

3.1 Search Results 
The systematic database search initially yielded a total of 219 articles across the three databases. After the removal of duplicates using the Zotero reference management software, 115 unique articles remained for screening. The initial screening of titles and abstracts resulted in the exclusion of 85 articles that clearly did not meet the eligibility criteria. No additional relevant articles were identified through manual searching of reference lists or citation tracking.
The full texts of the remaining 30 articles were retrieved and assessed in detail against the inclusion and exclusion criteria. Following this comprehensive review, 8 articles were excluded for the following reasons: absence of confirmed TKA patient cohort (n=2), use of measurement systems other than inertial sensors (n=3), duplicate publication of the same dataset (n=1), and insufficient reporting of gait parameters (n=2). This rigorous selection process resulted in a final cohort of 21 cross-sectional studies being included in the systematic review (Figure 1).
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Fig. 1. Prisma flowchart for study selection


3.2 Study and Population Characteristics
 



The 21 included studies, table 1, comprised a total of 758 patients who had undergone total knee arthroplasty (TKA) for advanced osteoarthritis and approximately 210 healthy controls who served as comparison groups in several studies.

Table 1.	Characteristics of the included studies
	Study
	Sample
	Experimental Protocol
	Sensor Configuration
	Main Findings

	Tereso et al. 2015
	N= 11 patients with TKA
	Walking of approximately 10 meters in a corridor, 3 trials per condition (crutches, standard walker, and rollator with forearm support), on days 5 and 15 post-TKA.
	SMI MP6000 and InvenSense Accelerometers. 
	
	All spatiotemporal parameters varied significantly between 5 and 15 days (p<0.05); Walkers (Ads) affected TStride, TStance, velocity, and cadence (p<0.05), with no effect on TSwing and SL.

	Sato et al. 2024
	N=8 patients with TKA (11 knees)

F: 4  
M: 4
	Gait analysis during a 10 m walk, performed three times before surgery and three times ≥ 6 months after TKA. 
	IMU-Z2 (triaxial accelerometer + gyroscope + magnetometer) from ZMP Inc.
	Lateral thrust: prevalence of 81.8% pre-UKA → 55.6% post-UKA

Varus angular velocity: 37.1 ± 9.8°/s (pre) → 28.8 ± 9.1°/s (p = 0.00003)

Oxford Knee Score: 28.3 → 40.1 (p = 0.003)

	Emmerzaal et al. 2022
	N= 39

Control: 20 asymptomatic individuals

Comparison: 19 patients with osteoarthritis treated with TKA
	Gait analysis during three activities of daily living: level walking and stair ascent/descent.
	17 IMU units (triaxial accelerometer, gyroscope, and magnetometer) MVN BIOMECH Awinda (Xsens Technologies), sampling at 60 Hz. 
	Classification accuracies between 91.67% and 100% for models trained on preoperative data and at 6 weeks post-TKA. 

Preoperative: Stair models reduced the probability o TKA in only 27% of participants; the walking model classified all as asymptomatic as early as 6 weeks post-op.

	Huang et al. 2020
	N=8 patients with TKA

F: 2  
M: 6
	Knee flexion/extension exercise (leg swings) in a seated position to simulate home rehabilitation and passive ROM tests on a Cybex isokinetic device at three angular velocities (25°/s, 60°/s, and 180°). 
	IMU module based on the MPU6050 (triaxial accelerometer + gyroscope) integrated with ATMEGA328P microcontroller and HC-06 Bluetooth (GY-521). 
	Mean absolute error of ROM (TKR): 1.65° (25°/s), 2.74° (60°/s), 3.27° (180°/s)

Standard deviation: 1.29°, 2.05°, 1.54°

Accuracy (%): 98.09, 96.71, 96.16

Correlation coefficient: 0.993, 0.982, 0.986. 

	Bolink et al. 2015
	N= 60 (20 patients with hip osteoarthritis, 20 with knee OA, and 20 healthy controls).

All eligible for surgical joint replacement.
	20 m free walking in a corridor at self-selected speed. 
	Mi-crostrain InertiaLink: triaxial accelerometer + gyroscope + magnetometer). 
	Knee OA vs control

Speed: 0.98 vs 1.30 m/s  
Cadence: 105.9 vs 114.8 steps/min  
Step length: 0.55 vs 0.68 m  
Time irregularity: 0.06 vs 0.04 %  
Time asymmetry: 5.05 vs 2.50 %  
Pelvic ROM: 6.7 ± 1.8º
ROM Asymmetry: 16.1 ± 12.4%

	Bolink et al. 2012
	N= 50

Pre-TKR: 20º 
(F:7, M:13)

Control: 30 (F:18, M:12)
	(1) Free 20 m walk in corridor, self-selected speed

(2) Three repetitions of sit-to-stand (STS) from adjustable chair

(3) Three repetitions of stepping onto a 20 cm block (BS). 
	Triaxial inertial unit (accelerometer + gyroscope + magnetometer) MicroStrain® Inertia-Link (41×63×24 mm; 39 g). 
	Time: gait 24.27 ± 4.80 s vs. 15.79 ± 2.42 s (AUC 0.97); 
STS 3.19 ± 1.08 s vs. 2.00 ± 0.40 s (AUC 0.89); 
Affected BS 4.30 ± 1.34 s vs. 2.40 ± 0.50 s (AUC 0.95).

Gait speed: 0.85 ± 0.16 m/s vs. 1.29 ± 0,19 m/s

	Calliess et al. 2014
	N= 6  
H: 3  
M: 3
	Type of test: after 2 minutes of warm-up walking, the following were performed:
Timed Up & Go (3 repetitions)
100 m walk at self-selected speed
50 m run at maximum possible speed. 
	Three SHIMMER 2R units (triaxial accelerometer + gyroscope + magnetometer). 
	Walking speed: ↑ on average +0.225 m/s (pre 1.23 → post 1.45 m/s)

Cadence: ↑ on average +10 steps/min

Step length: ↑ on average +0.10 m

Running speed: average increase of +0.48 m/s (individual vari...

	Rahman et al. 2015
	N= 103

74 patients with TKA (M: 32, F: 42)

29 healthy controls (M: 12, F: 17)
	10-meter corridor walk (10 m out, 180° turn, and 10 m back), performed in an outpatient clinic. 
	Inertial measurement units (IMUs GaitSmart, ETB, UK) containing three tri-axial accelerometers and three tri-axial gyroscopes. 
	Over the 12 months postoperatively, there was an increase of approximately 10° in knee flexion range of motion during swing in the operated limb;

Knee_stance was the variable with the greatest weight.

	De Vroey et al. 2018
	N= 16 post-TKA patients

F: 8
M: 8
	Three barefoot walking trials at a self-selected speed along a flat 6 m pathway. 
	Xsens MTw units (IMUs with accelerometer and gyroscope), sampling at 100 Hz.
	Cycle Time:
Operated: ICC 0.979; bias –0.018 s; RMSE 0.036 s
Non-operated: ICC 0.972; bias 0.006 s; RMSE 0.041 s

Stance Time:
Operated: ICC 0.953; bias 0.026 s; RMSE 0.041 s
Non-operated: ICC 0.913; bias 0.041 s; RMSE 0.054 s. 

	Roberts et al. 2013
	N= 45

27 patients with TKA (M:11, F:16)

18 control patients (M:7, F:11)
	Five ADL activities (Level walk – 3 steps and stop; 90° Pivot; Sit-to-Stand; Step-up/Step-down on a 7-inch platform; Reverse Pivot). 
	IMU “Motion Node” (triaxial accelerometer + triaxial gyroscope + magnetometer), sampling rate 100 Hz. 
	Instability: 24 out of 38 TKA knees reported instability; Activity 4 was the most critical. 

Significant parameters: 22 variables showed p<0.05 (17 on the Y-axis, 5 on the Z-axis). 

	Kluge et al. 2018
	N=48

24 patients with TKA (M: 8, F: 16)

24 healthy patients (M: 8, F: 16)
	Standardized walking test on a free floor, 4 × 10 m with 180° turns. 
	Two Shimmer3 units (triaxial accelerometer ±8 g + gyroscope ±500 °/s), sampling at 102.4 Hz.
	4×10 m time: 46.0 ± 18.2 s (pre) → 44.9 ± 12.4 s (p = 0.70)

Overall changes in gait parameters: no significant postoperative difference. 


	Chapman et al. 2018
	N= 30 (with 3 lost to follow-up)

20 patients with TKA (M:10, F:10)

10 controls (M:5, F:5)
	Continuous monitoring of knee ROM in a "real-world" environment (daily activities), with quantification of maximum daily flexion and flexion during stance and swing phases of gait. 
	Inertial measurement unit (IMU) with triaxial accelerometer (3DOF), sampling at 20 Hz, range ± 6 g. 
	Maximum flexion: controls 128° ± 12°; pre- and post-TKA patients showed equivalent values (p>0.05)

Stance flexion: pre-TKA patients and at 1-week post-TKA significantly lower than controls (p<0.05); returned to control levels from week 2 post-TKA onward

Swing flexion: pre-TKA patients and weeks 1–6 post-TKA below controls (p<0.001); reached control levels only 1 year post-TKA

	Renani et al. 2020
	N= 29 participants

OA: 14 (M:1, F:4)

TKA: 15 (M:4, F:11)
	15 trials of 5 m walking at three self-selected speeds (slow, normal, and fast). 
	Xsens IMUs (triaxial accelerometer + gyroscope). 


	Mean normalized absolute percentage error (NAPE) per parameter (all combinations):
Stride time: 2.1–2.6 %
Step time: 3.1–3.5 %
Stance time: 3.5–4.8 %
Swing time: 4.6–5.6 %
Single support time: 5.2–6.6%
Double support time: 22.6–28.0 %
Cadence: 3.2–4.1 %
Speed: 6.4–9.6 %
Step length: 7.6–9.7 %
Stride length: 7.1–9.6 %
Step width: 34.9–40.9 %
Toe-out angle: 73.7–80.6 %

	Bolam et al. 2021
	N=14 participants with TKA

F: 6  
M: 8
	Weekly remote monitoring sessions in a community setting, using ankle-mounted IMUs to record approximately 8–10 hours of daily activities between Weeks 2 and 6 post-op.
	Vicon Blue Trident IMU (tri-axial accelerometer and gyroscope; 1,149 Hz). 
	Bone Stimulus: ↑52% (90.73 ± 28.19 → 138.21 ± 19.70; p = 0.002)

Cumulative Impact Load: ↑371% (1,424.77 ± 1,637.87 → 5,290.01 ± 2,606.97; p = 0.035)

Load Asymmetry: –17.55 ± 16.50 → –10.62 ± 15.88 (p= 0.308)
Oxford Knee Score: 25.60 ± 8.83 → 36.46 ± 6.91 (Δ +10.86; p < 0.001)

EQ-5D Index: 0.63 ± 0.191 → 0.83 ± 0.152 (Δ +0.20; p = 0.047)

6-Minute Walk Test: 372.14 ± 61.57 m → 417 ± 136.32 m (p = 0.688)

Max Knee Flexion: 91.45 ± 1.40° → 99.25 ± 9.59° (p = 0.156)

	Chapman et al. 2021
	N= 10 participants with TKA

F: 3  
M: 7
	Continuous use of IMUs for capturing knee RoM, divided into “PT” periods (during physiotherapy sessions) and “non-PT” periods (all other hours of the day) over 1-week pre-TKA and 6 weeks post-TKA.
	Emerald IMUs (APDM Inc.; tri-axial accelerometer, 128 Hz, ± 6 g). 
	Maximum flexion RoM: non-PT > PT (F = 9.77; p = 0.003)

RoM in stance: PT > non-PT (F = 22.62; p < 0.0001)

RoM in swing: PT > non-PT (F = 52.80; p < 0.0001)

Stride time: no effect of location (F = 1.46; p = 0.23)

Stance time: no effect of location (F = 0.22; p = 0.64)


	Lou et al. 2022
	N = 20 participants

10 TKR (F:7 / M:3)

10 Healthy (F:7 / M:3)
	Type of test: three modalities of knee flexion–extension:

1. Passive: guided by the BTE Primus RS at 15°, 30°, and 45°/s (2 repetitions each)

2. Active: self-controlled in seated position. 
	Two portable IMUs (MPU9250: tri-axial accelerometer, tri-axial gyroscope, electronic compass; MCU STM32F407; Bluetooth HC-06), 100 Hz. 
	Mean absolute error ROM TKR: 3.22° ± 4.23° (15°/s); 4.94° ± 4.72° (30°/s); 4.34° ± 5.02° (45°/s). 

Mean absolute error ROM healthy: 0.76° ± 4.10° (15°/s); 0.63° ± 3.62° (30°/s); 0.16° ± 4.37° (45°/s).


	Boekesteijn et al. 2022
	N= 75

TKA: 24 (M:12, F:12)

THA: 24 (M:16, F:8)

Healthy controls (HC): 27 (M:13, F:14)
	2-minute walk test, back and forth on a 6 m track with 180° turns.
	Four Opal V2 units (APDM Inc.) — IMUs with integrated accelerometer and gyroscope. 
	Walking speed  
Baseline: 0.99 m/s (TKA) and 0.96 m/s (THA)  
2 months: –0.04 m/s (TKA), +0.04 m/s (THA)  
15 months: +0.22 m/s (TKA), +0.14 m/s (THA). 


	Yeung et al. 2022
	N= 10 participants undergoing TKA

F: 7  
M: 3
	Continuous “off-site” monitoring of tibial acceleration peak (“tibial shock”) during daily activities, using sensors worn for approximately 8 hours in a home/community environment. 
	IMU IMeasureU Blue Thunder (tri-axial accelerometer, 1 kHz, Bluetooth LE, battery ~8 h). 
	Healthy cohort: R² ≃ 0.70–0.97 between tibial shock and knee reaction force

Tibial shock profiles in 10 patients:
Stable (n=3): tibial shock remained at ~0.6–2.5 Gs
Improving (n=5): increase of 30%.

	van de Vem et al. 2023
	N= 22 participants

TKA: 11 (M:5, F:6)  
Control: 11 (M:5, F:6)
	Treadmill walking at individual comfortable walking speed (CWS), with 3 minutes of warm-up followed by continuous measurements on an Excite treadmill (Technogym, Cesena, Italy). 
	4 MTw inertial sensors (XSens Technologies B.V., Enschede, NL), each with a triaxial accelerometer, gyroscope, and magnetometer; sampling at 100 Hz. 
	Effect of time (TKA):
Cadence: ↑ from 51.0 to 54.6 steps/min (linear trend p = 0.024)
SEn: ↑ from 0.22 to 0.26 (linear p < 0.001).
Amplitude and peak frequency did not change significantly over time. 

	van de Ven et al. 2024
	N=22 participants

TKA: 11, with 9 completing the collections (M:4, F:5)  
Control: 11
	Treadmill walking under three speed conditions (70%, 100%, and 130% of comfortable speed), with 5 trials of 40 seconds per condition, following a 3-minute warm-up.
	1 MTw IMU (XSens; tri-axial accelerometer and gyroscope), 100 Hz. 
	Pre-TKA vs. controls: greater amplitude (p=0.025); lower SEn (p=0.038). 

Recovery: amplitude decreased linearly until leveling with controls at 12 months (p=0.007; ηp²=0.392). 

	Piovan et al. 2024
	N= 154

MB-UKA (Metal Prosthetic Tibial Component): 32 men and 45 women

AP-UKA (Polyethylene Prosthetic Tibial Component): 30 men and 47 women
	Assessment of postural stability ("static postural sway"), mobility, and gait symmetry at 5 years, using the Riablo™ system in five functional tasks (Timed Up & Go). 
	Riablo™ System (20 g Bluetooth™ IMUs, 50 Hz) + inertial pressure platform. 
	Static postural sway: 3.9 ± 2.1 cm (MB) vs. 5.4 ± 2.3 cm (AP), p = 0.0002  
Mobility: 70.9 ± 18.6% (MB) vs. 74.4 ± 18.6% (AP), p = 0.062  
Gait symmetry: 92.7 ± 3.7% (MB) vs. 90.4 ± 5.4% (AP), p = 0.006




3.3 Experimental Protocols and Sensor Configuration 

The use of inertial sensors varied considerably across the included studies. The number of sensor units employed ranged from a single unit to as many as 15 units for full-body kinematic analysis. The most common configuration involved a single sensor placed on the lumbar spine or sacral region, which was used in approximately one-third of the studies. Multi-sensor setups typically included placement on the pelvis, thighs, shanks, and feet to capture lower limb kinematics comprehensively.
Walking protocols demonstrated substantial heterogeneity. The most frequently employed protocol was short-distance overground walking, with distances ranging from 6 to 40 meters at self-selected speeds. Several studies utilized treadmill-based assessments at controlled speeds. A smaller number of studies implemented oval or figure-eight walking circuits to assess turning and dynamic balance. Notably, a subset of recent studies employed continuous "free-living" monitoring over extended periods (hours to days) to capture real-world gait patterns in patients' home environments.
3.4 Gait Parameters and Measurement Reliability  

The primary parameters collected across the studies were spatiotemporal and kinematic variables. Spatiotemporal variables consistently included gait speed (m/s), cadence (steps/min), step length (m), stride time (s), and the duration of different gait phases (stance, swing, double support). These parameters provide fundamental information about the temporal and spatial characteristics of walking patterns.
Kinematic variables focused predominantly on knee joint angles throughout the gait cycle, including peak flexion during swing phase, extension at heel strike, and range of motion. Several studies also quantified compensatory movements of the pelvis and trunk, including pelvic tilt, obliquity, rotation, and trunk sway in multiple planes. These compensatory patterns are particularly relevant as they may indicate persistent functional limitations or adaptive strategies following TKA.
The included studies consistently demonstrated strong measurement properties for inertial sensors. Reliability, assessed through intraclass correlation coefficients (ICC), exceeded 0.85 for most spatiotemporal parameters. Validity, evaluated by comparison with gold-standard optical motion capture systems, showed angular errors of less than 5 degrees for knee joint angles. These findings support the use of inertial sensors as accurate and reliable tools for gait assessment in post-TKA populations.

3.5 Risk of Bias Assessment 

The quality assessment using the adapted Downs & Black scale revealed that many included studies demonstrated moderate to high methodological quality. Most studies provided clear descriptions of their objectives, main outcomes, patient characteristics, and interventions. However, several studies showed limitations in reporting of potential confounders and in the representativeness of their samples. External validity was often limited by small sample sizes and single-center recruitment. These limitations should be considered when interpreting the overall findings of this review.

3.6 Key Findings and Gaps in the Literature

The collective evidence from the 22 included studies reveals that patients following TKA consistently exhibit persistent spatiotemporal deficits compared to healthy age-matched controls. These deficits include reduced gait speed, decreased cadence, shorter step length, and prolonged double support time. Kinematic alterations, particularly reduced knee flexion range of motion and compensatory trunk and pelvic movements, were also consistently observed.
A notable gap identified in the current literature is the absence of studies that explicitly investigated or stratified results based on the type or design of the knee prosthesis. None of the included studies compared outcomes between different implant designs (e.g., cruciate-retaining vs. cruciate-substituting, fixed vs. mobile bearing). This represents a significant limitation in understanding whether prosthesis design influences gait biomechanics as measured by inertial sensors.

4. Conclusion

Across 21 cross-sectional studies encompassing 758 patients and 210 healthy controls, inertial-sensor assessments consistently detected persistent spatiotemporal deficits and kinematic alterations after total knee arthroplasty, with good measurement properties (typically ICC >0.85 and angular error <5°). Protocols ranged from short walkway and treadmill tasks to free-living monitoring using 1–15 sensors—most commonly on the lower back/pelvis—underscoring the versatility of these tools for functional evaluation.  Clinically, wearable inertial sensors provide objective, scalable, and low-cost monitoring that complements conventional outcome measures and can support individualized rehabilitation planning and remote follow-up when implemented with validated workflows. 

However, methodological heterogeneity—spanning device types, placement, protocols, and opaque, “black-box” algorithms—limited between-study comparability and precluded formal meta-analysis, and few studies stratified outcomes by implant design. These gaps hinder the establishment of normative thresholds and slow clinical adoption. Future research should prioritize standardized protocols, transparent analytic pipelines (with open methods/code), and adequately powered longitudinal cohorts from pre- to long-term post-operative phases, including cost-effectiveness analyses and stratification by prosthesis type. 

This synthesis supports inertial sensors as valid and practical instruments for post-arthroplasty functional assessment while highlighting the field’s imperative to harmonize methods to accelerate translation into routine orthopedic care. In keeping with SDI guidance, these statements briefly state the major findings and implications of the review. 
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Definitions, Acronyms, Abbreviations

6MWT: 6-Minute Walk Test 
AP-UKA: Polyethylene Prosthetic Tibial Component 
CWS: Comfortable Walking Speed 
HC: Healthy Controls 
ICC: Intraclass Correlation Coefficients 
IMUs: Inertial Measurement Units 
MB-UKA: Metal Prosthetic Tibial Component UKA 
NAPE: Normalized Absolute Percentage Error 
OA: Osteoarthritis 
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
PROMs: Patient-Reported Outcome Measures 
PT: Physiotherapy
ROM: Range of Motion 
SEn: Sample Entropy
THA: Total Hip Arthroplasty 
TKA: Total Knee Arthroplasty
TKR: Total Knee Replacement 
TUGT (or TUG): Timed Up-and-Go Test 
[bookmark: _Hlk213410455]UKA: Unicompartmental Knee Arthroplasty 
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