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Abstract 

This case report describes longitudinal gait mechanics in a 62-year-old man who underwent left total 
knee arthroplasty (TKA) and subsequently laparoscopic sleeve gastrectomy with massive weight 
loss. Gait was evaluated using a wearable inertial sensor system at 6 months (T1) and 12 months (T2) 
after arthroplasty, alongside functional mobility and endurance tests (Timed Up and Go and 2-
minute walk). Body mass decreased from 120 kg (BMI approximately 43 kg/m2) to 69 kg (BMI 
approximately 25 kg/m2) between T1 and T2. Despite the substantial reduction in mechanical 
loading, spatiotemporal gait parameters and pelvic kinematics remained largely stable, with 
persistent asymmetry and a compensatory gait strategy. Acceleration-derived estimates suggested 
approximately 42.5% mechanical offloading after weight loss. These findings indicate that, in this 
patient, massive postoperative weight loss did not translate into marked improvements in gait 
mechanics within the first year after TKA, underscoring the need for targeted rehabilitation even after 
successful weight reduction. 

Keywords: total knee arthroplasty; bariatric surgery; gait analysis; inertial sensor; obesity; 
biomechanics; case report 

1. Introduction

Total knee arthroplasty (TKA) is a highly successful procedure for alleviating pain and restoring
function in patients with end-stage knee osteoarthritis [1]. The demand for TKA is projected to 
continue rising, driven by an aging population and the escalating prevalence of obesity [2]. Severe 
obesity (BMI > 40 kg/m2) is a significant concern in this context, as it is independently associated with 
a higher risk of postoperative complications, including periprosthetic joint infection (PJI), aseptic 
loosening, and increased revision rates [3–5]. The mechanical environment of the knee is profoundly 
altered by excess body mass, where every step can generate forces several times the body’s weight 
across the joint [6]. This excessive and repetitive loading is a primary driver for the wear of ultra-high 
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molecular weight polyethylene (UHMWPE) components, a key factor in the long-term failure of TKA 
implants through mechanisms of osteolysis and aseptic loosening [7,8]. 

Consequently, weight management is a critical component of care. Bariatric surgery has 
emerged as the most effective intervention for achieving substantial and sustained weight loss in 
individuals with severe obesity [9]. Numerous studies, including randomized clinical trials and meta-
analyses, have demonstrated that bariatric surgery performed prior to TKA can significantly reduce 
the risk of postoperative complications, particularly PJI [10–12]. More recently, the advent of GLP-1 
receptor agonists (e.g., semaglutide, tirzepatide) has introduced a powerful new pharmacological 
option for medical weight management, with studies showing their use is associated with improved 
postoperative outcomes and lower complication rates after TKA [13,14]. 

While the benefits of pre-arthroplasty weight loss are well-documented, there is a paucity of 
data on the longitudinal biomechanical changes in patients who undergo massive weight loss after a 
TKA, once their initial rehabilitation is complete and their gait patterns have consolidated. 
Understanding these changes is crucial. Does the neuromuscular system adapt to the new, lighter 
body, or do established motor patterns persist? Inertial Measurement Units (IMUs) provide a 
practical, reliable, and ecologically valid method for quantifying gait mechanics outside of a 
traditional laboratory, enabling detailed assessment of spatiotemporal parameters, kinematics, and 
kinetics [15–17]. 

This case report is unique in its use of wearable inertial sensor technology to longitudinally track 
the functional and biomechanical outcomes of a patient who underwent bariatric surgery after having 
already completed the initial 6-month recovery from a unilateral TKA. We aimed to quantify the 
impact of a 42.5% body mass reduction on an established gait pattern, testing the hypothesis that 
motor programs for walking exhibit significant plasticity but can also show remarkable stability, 
particularly when a pattern has been ingrained post-rehabilitation [18,19]. 

2. Case Presentation 

The patient is a 62-year-old male (height: 167 cm) who underwent a primary unilateral left TKA 
for debilitating osteoarthritis. At 6 months post-TKA (T1), his body mass was approximately 120 kg 
(BMI ≈ 43 kg/m2, Class III Obesity). Between the 6-month and 12-month follow-up appointments, the 
patient underwent bariatric surgery, resulting in a body mass of 69 kg (BMI ≈ 25 kg/m2, Normal) at 
the 12-month assessment (T2). The patient was independently mobile and did not use any assistive 
devices at either assessment point. Written informed consent was obtained from the patient for this 
report. 

2.1. Timeline 

The sequence of interventions and assessments is summarized in Figure 1. The patient 
underwent left TKA at month 0, followed by the first gait assessment (T1) at 6 months post-
operatively. Bariatric surgery was performed between 6 and 9 months post-TKA, and the second gait 
assessment (T2) was conducted at 12 months post-TKA. 
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Figure 1. Timeline summarizing the index unilateral total knee arthroplasty (TKA), the first inertial-sensor gait 
assessment at 6 months (T1), the bariatric surgery performed between T1 and T2, and the second gait assessment 
at 12 months post-TKA (T2). 

2.2. Clinical Findings 

Objective gait analysis was performed using the G-Walk inertial sensor system (BTS 
Bioengineering), with the sensor placed on the lower back (L5). Assessments included a standard 
walk test, a Timed Up and Go (TUG) test, and a Two-Minute Walk Test (2MWT). 

2.3. Functional Mobility and Endurance 

Functional tests showed remarkable stability across both time points despite the massive weight 
loss. The TUG test was completed in 14.95 seconds at both T1 and T2. The distance covered in the 
2MWT was also identical at 105.1 meters, with an average walking speed of 1.11 m/s. 

2.4. Spatiotemporal Gait Parameters 

The core spatiotemporal parameters of the patient’s gait were unchanged between T1 and T2. A 
persistent asymmetry was noted, Figure 2, with the operated (left) limb demonstrating a longer stance 
phase (63.23 ± 0.94%) compared to the non-operated (right) limb (57.95 ± 2.30%). Correspondingly, 
the swing phase, Table 1, of the left limb was shorter (36.77 ± 0.94%) than the right (42.05 ± 2.30%), 
suggesting a stability-oriented strategy on the operated side. 

 

Figure 2. Spatiotemporal gait parameters obtained from the inertial sensor Walk Test. The operated left limb 
shows a longer stance phase and shorter swing phase compared with the right limb, indicating a persistent 
stability-oriented strategy despite an overall high symmetry index. 

Table 1. Spatiotemporal gait parameters obtained from the inertial sensor assessment at 6 and 12 months post-
total knee arthroplasty, with normative reference values and interpretation. 

Parameter Value (Mean ± SD) Normal Range Interpretation 
Cadence (steps/min) 93.87 ± 5.54 117.10 ± 8.50 Reduced 

Gait cycle duration—Right (s) 1.30 ± 0.03 1.11 ± 0.10 Prolonged 
Gait cycle duration—Left (s) 1.28 ± 0.05 1.11 ± 0.10 Prolonged 

Stance phase—Right (% cycle) 57.95 ± 2.30 58.98 ± 1.97 Near-normal 
Stance phase—Left (% cycle) 63.23 ± 0.94 58.98 ± 1.97 Prolonged 
Swing phase—Right (% cycle) 42.05 ± 2.30 40.00 ± 3.56 Slightly increased 
Swing phase—Left (% cycle) 36.77 ± 0.94 40.00 ± 3.56 Reduced 
Global symmetry index (%) 94.1 — High symmetry 
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2.4. Pelvic Kinematics 

Pelvic motion, a proxy for trunk control during gait, showed high consistency. Pelvic rotation 
symmetry was excellent (symmetry index 95.8), while obliquity (64.9) and tilt (15.0) showed lower 
symmetry indices, suggesting subtle compensatory movements in the frontal and sagittal planes. 

 
Figure 3. Pelvic kinematics during the gait cycle. (A) Pelvic tilt, (B) pelvic obliquity and (C) pelvic rotation 
obtained from the G-Walk system. Rotation symmetry was excellent (symmetry index 95.8), while obliquity 
exhibited moderate symmetry (64.9) and tilt showed a lower symmetry index (15.0), suggesting subtle sagittal 
plane compensations. 

2.4. Diagnostic Assessment 

Antero-posterior (AP) acceleration data were used to estimate impact forces at the knee. The 
peak negative acceleration during the loading response (braking phase) was consistently measured 
at approximately −3.0 m/s2 at both T1 and T2. Assuming comparable acceleration magnitudes, the 
reduction in body mass resulted in a proportional decrease in estimated braking forces (Figure 4). 

 

Figure 4. Antero-posterior (AP) acceleration and estimated impact forces. (A) AP acceleration curves over the 
gait cycle show similar braking (≈−3.0 m/s2) and propulsive peaks (≈+2.4–2.5 m/s2) at 6 and 12 months. (B) 
Assuming comparable acceleration magnitudes, the reduction in body mass from ~120 kg to 69 kg resulted in 
an estimated decrease in braking force at heel strike from ~360 N to ~207 N, representing a ~42.5% mechanical 
offloading of the prosthetic knee. 

2.5. Therapeutic Intervention 

The index intervention was a primary unilateral left total knee arthroplasty. Bariatric surgery 
was performed between T1 and T2, leading to a 51 kg (42.5%) reduction in body mass by the 12-
month follow-up. 

2.6. Follow-Up and Outcomes 

Using the formula F = m × a and the measured braking acceleration magnitude (~3.0 m/s2), the 
estimated braking force at heel strike was ~360 N at T1 (120 kg) and ~207 N at T2 (69 kg), representing 
a ~42.5% reduction in mechanical loading on the knee during the loading phase of gait. 
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Figure 5. Inertial-sensor analysis of the 2-minute walk test. (A) Walking speed across the 11 paths shows 
relatively stable values around the average speed of 1.11 m/s. (B) The general symmetry index remains high 
throughout the test (mean 97.8%). (C) Cadence across paths. (D) Stride length across paths. (E) Propulsion indices 
derived from the Walk Test. The operated left limb shows a consistently lower propulsion index (6.4) compared 
with the right limb (7.8), indicating a persistent but stable deficit in forward power generation during push-off. 

Table 2. Summary of functional tests and body composition changes. 

Test/Parameter T1  
(6 months) 

T2 
 (12 months) Interpretation 

TUG Duration (s) 14.95 14.95 Stable—Independent mobility 
2MWT Distance (m) 105.1 105.1 Stable endurance 
Walking Speed (m/s) 1.11 1.11 Slightly below normal range 
Gait Symmetry (%) 94.1 94.1 High symmetry maintained 

Body Mass (kg) ~120 69 42.5% reduction 
Estimated Impact Force (N) ~360 ~207 42.5% mechanical offloading 

Propulsion Index (L/R) 6.4/7.8 6.4/7.8 18% deficit in operated limb 

3. Discussion 

This case report provides a unique insight into the effects of massive weight loss on a 
consolidated post-TKA gait pattern, expanding on several key areas of contemporary orthopedic 
science. The discussion is structured around four central themes: the stability of motor patterns, the 
clinical implications of mechanical offloading, the role of bariatric surgery in the TKA patient journey, 
and the utility of wearable technology in modern orthopedic practice. 

3.1. Stability Of Motor Patterns and Neuroplasticity 

The most striking finding is the profound stability of the patient’s functional scores and 
kinematic parameters. The TUG, 2MWT, walking speed, and spatiotemporal asymmetries remained 
virtually identical between T1 and T2, despite a 42.5% reduction in body mass. This observation lends 
strong support to the concept of motor program stability. Once a walking pattern is established and 
practiced over thousands of repetitions during the initial 6-month post-TKA rehabilitation, it 
becomes a deeply ingrained program within the central nervous system [18,20]. 

The work by Hortobágyi et al. [19] on “mechanical plasticity” demonstrated that while massive 
weight loss does induce kinematic and kinetic changes, certain fundamental characteristics of the gait 
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signature can persist [19]. Our findings suggest that in a post-surgical context, where a specific 
rehabilitation protocol has already shaped the recovery trajectory, the established motor pattern is 
highly resilient to subsequent changes in body mass. The neuromuscular system appears to default 
to the previously learned, efficient pattern of movement, even when the mechanical demands have 
been significantly altered [21,22]. This has implications for rehabilitation, suggesting that early and 
correct motor pattern training post-TKA is critical, as these patterns may be long-lasting. 

3.2. Mechanical Offloading and Prosthesis Survivorship 

The key clinical finding is the substantial mechanical offloading of the prosthetic joint. The 42.5% 
reduction in estimated impact force is a direct, proportional consequence of the mass reduction, as 
the acceleration profile (the kinematic component) remained unchanged. This is of paramount clinical 
significance. Excessive and repetitive loading is a primary risk factor for the long-term failure of TKA 
components, specifically through polyethylene wear, which leads to particle-induced osteolysis and 
subsequent aseptic loosening [7,8,23]. 

Studies have consistently shown that higher BMI is correlated with increased rates of aseptic 
loosening and mechanical failure [5,24]. By drastically reducing the mechanical load with every step, 
the bariatric surgery has likely improved the long-term survivorship prognosis for the patient’s knee 
prosthesis [25,26]. This mechanical relief, achieved without altering the fundamental gait kinematics, 
suggests that the primary benefit of late-stage weight loss is the direct reduction of cumulative stress 
on the implant, a factor critical for its longevity [27]. 

3.3. The Role of Bariatric Surgery and Weight Management in TKA 

This case highlights the synergistic relationship between bariatric surgery and TKA. While the 
ideal timing remains a subject of debate, the benefits are clear. Performing bariatric surgery before 
TKA is associated with fewer perioperative complications, particularly infections [10,11]. However, 
this case demonstrates a powerful argument for weight loss even after TKA. The significant reduction 
in joint loading can be framed as a long-term protective measure for the implant. 

The emergence of highly effective anti-obesity medications, such as GLP-1 receptor agonists, 
provides another promising avenue. Recent studies indicate that medically induced weight loss is 
also associated with a lower risk of revision surgery and improved outcomes, offering a less invasive 
alternative to bariatric surgery for many patients [13,14,28]. The decision for weight management, 
whether surgical or medical, should be a central part of the conversation with any obese patient 
undergoing TKA, regardless of the timing. 

3.4. Utility Of Wearable Sensors In Clinical Practice 

This study underscores the value of using IMU-based wearable sensors for objective gait 
analysis in a clinical setting. Traditional functional tests like the TUG and 2MWT, while useful, failed 
to capture the most critical change in this patient: the massive reduction in joint loading. These tests 
showed stability, which could have been misinterpreted as a lack of change. The inertial sensor, 
however, provided the kinematic data (acceleration) that, when combined with the known change in 
mass, revealed the profound kinetic improvement. 

As wearable technology becomes more accessible, validated, and user-friendly, it offers 
clinicians a powerful tool to look beyond simple timed metrics and gain deeper insights into the 
quality of movement and the biomechanical forces at play, allowing for more personalized and 
effective patient management [15,16,29,30]. 

This is a single-patient case report, and the impact force calculation is an estimation based on 
acceleration. However, the use of a validated inertial sensor system provides objective, reproducible 
data that strengthens the clinical observations and generates important hypotheses for future, larger-
scale studies. 
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4. Conclusions 

In a patient with a stable functional recovery 6 months after TKA, subsequent massive weight 
loss via bariatric surgery did not alter the established kinematic gait patterns. However, it resulted in 
a profound and proportional reduction in the mechanical forces acting on the knee joint. This case 
demonstrates that the primary benefit of late-stage weight loss in the post-TKA population may be 
the significant biomechanical offloading of the prosthesis, rather than an immediate change in 
functional mobility scores. This highlights the synergistic potential of combining TKA and weight 
management strategies, whether surgical or medical, to optimize long-term joint health and implant 
survivorship. 
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Abbreviations 
TKA Total Knee Arthroplasty. 
BMI Body Mass Index. 
TUG Timed Up and Go (test). 
2MWT Two-Minute Walk Test. 
IMU/IMUs Inertial Measurement Unit(s). 
AP Antero-posterior. 
PJI Periprosthetic Joint Infection. 
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UHMWPE Ultra-high molecular weight polyethylene. 
GLP-1 Glucagon-like peptide-1 (as “GLP-1 receptor agonists”). 
CNPq National Council for Scientific and Technological Development. 
FAPEG Goiás State Research Support Foundation. 
HMAP Municipal Hospital of Aparecida de Goiânia. 
T1 First assessment time point (6 months post-TKA). 
T2 Second assessment time point (12 months post-TKA). 
L5 Fifth lumbar vertebra level (sensor placement site on the lower back). 
kg/cm/m Kilogram/centimeter/meter (units used for body mass, height, and distance). 
s/min Seconds/minutes (units used for test duration and cadence). 
m/s/m/s2 Meters per second (speed)/meters per second squared (acceleration). 
N Newton (force unit used for estimated braking force). 
L/R Left/Right (used to report limb-specific indices). 
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