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Abstract 24 

Objective: The purpose of this study was to investigate preoperative joint-level 25 

kinematics across multiple functional tasks including preferred-pace walking, fast-paced 26 

walking, and sit-to-stand, alongside self-reported pain and function in cohorts scheduled for 27 

partial (PKA) versus total knee arthroplasty (TKA). 28 

Methods: Patients with end-stage knee osteoarthritis were recruited from St. Joseph’s 29 

Healthcare Hamilton. Self-reported measures including Oxford Knee Score, self-reported 30 

average pain, quality of life, and depression were collected. Functional tasks including preferred-31 

pace walking, fast-paced walking, and sit-to-stand were collected and recorded using markerless 32 

motion capture. Joint-level kinematics were evaluated using linear mixed models using main 33 

effects of surgery type and walking condition, along with interaction effects.  34 

Results: This study included 15 patients scheduled for PKA, and 56 patients scheduled 35 

for TKA. No significant differences were observed when evaluating differences between cohorts 36 

through self-reported measures, nor at single gait speed conditions or sit-to-stand. However, 37 

when evaluating the differences in walking patterns between preferred and fast pace, the PKA 38 

group exhibited a significant change in stride length, peak stance knee flexion, peak swing knee 39 

flexion, knee excursion, peak stance hip flexion, and overall hip range of motion between 40 

preferred and fast-paced walking compared to the TKA group.  41 

Conclusion: These findings highlight that multi-speed gait assessments rather than 42 

single-speed walking or sit-to-stand tasks are likely a more sensitive approach for detecting 43 

biomechanical differences in OA patients and may have broader applicability to other clinical 44 

populations. 45 

Keywords: Biomechanics, partial knee arthroplasty, total knee arthroplasty, osteoarthritis 46 
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Introduction 47 

Osteoarthritis (OA) is the third most common chronic disease among older adults in 48 

Canada1. OA is commonly found in the knee joint, affecting approximately 37% of adults over 49 

the age of 60 years2. Patients with advanced knee OA walk with significant deficits in knee joint 50 

kinematics and kinetics3. As OA severity progresses, patients may experience a reduced gait 51 

speed, shorter stride length, and less range of motion (ROM) of the knee, hip, and ankle joints4. 52 

The economic burden of OA is substantial, costing the Canadian healthcare system 53 

approximately $1.4 billion (CAD) annually5. Over 75,000 knee replacement surgeries are 54 

performed annually in Canada, with projections of a 300 – 600% increase by 2030 in North 55 

America5,6. Given the high volume and projected increase in procedures, knee replacement 56 

surgery remains an important treatment option for individuals with end-stage knee OA.  57 

 58 

Total Knee Arthroplasty (TKA) has been reported to show improvements in objective 59 

functional measures during preferred-pace walking between pre-operative and post-operative 60 

data collections7. Hatfield and colleagues reported an increased knee flexion angle during swing 61 

phase, decreased knee adduction moments during stance phase, and increased difference between 62 

the first peak and midstance knee adduction moment compared to pre-operative measurements7. 63 

However, it has also been reported that TKA patients experience lower peak knee flexion during 64 

stance and swing phase, lower ROM, lower external knee flexion moments, and lower external 65 

knee adduction moments when compared to healthy controls beyond one-year post-surgery8. 66 

Notably, only approximately 17% of patients undergoing TKA present with tricompartmental 67 

OA, underscoring the need for more personalized treatment options9. 68 

 69 
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Partial Knee Arthroplasty (PKA) is an increasingly common alternative to TKA, where 70 

one (unicompartmental – UKA) or two (bi-compartmental – BKA) compartments of the knee 71 

joint are replaced. This is a viable option if the OA-affected tissue is localized to one or two 72 

compartments of the knee. Studies have reported that PKA is a less invasive procedure with 73 

shorter operative times, faster post-operative rehabilitation, and fewer medical complications, 74 

which may ultimately translate to lower costs compared to TKA10-12. PKA has been reported to 75 

have statistically significant improvements in patient-reported outcomes over TKA early in 76 

recovery around 6-months post-surgery13, as well as late in recovery beyond 3-years post-77 

surgery. However, other studies report no differences in patient-reported outcomes between PKA 78 

and TKA cohorts at 1-year post-surgery. 79 

 80 

Although PKA candidates present with differing compartmental severity, self-reported 81 

pain and function preoperatively are remarkably similar to those of TKA candidates13,14. 82 

However, most studies rely exclusively on patient-reported outcomes and lack objective 83 

functional measures to quantify possible differences between PKA and TKA cohorts. There are 84 

some studies that evaluate objective functional measures between PKA and TKA cohorts 85 

through gait kinematics15-17, spatiotemporal parameters16-20, and clinical tests such as timed-up-86 

and-go and 2-minute-walk-test21. Studies that report biomechanical differences showed that PKA 87 

may have improved ROM, side-to-side kinematic symmetry, knee extension during stance phase, 88 

greater gait speed and step time when compared to TKA at various time points post 89 

surgery15,18,19,22,23. Conversely, some studies report no differences between PKA and TKA 90 

regarding spatiotemporal parameters, joint angles, and joint moments, and some report larger 91 

varus in PKA knees19,24. However, very few of these studies include pre-operative data to 92 

 . CC-BY 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 22, 2025. ; https://doi.org/10.1101/2025.09.21.25336261doi: medRxiv preprint 

https://doi.org/10.1101/2025.09.21.25336261
http://creativecommons.org/licenses/by/4.0/


Page 5 
 

compare these cohorts16,20,21. Furthermore, only one of these studies involves biomechanical 93 

tasks beyond a single-speed gait evaluation19. This highlights the need for more comprehensive 94 

methods to objectively assess preoperative functional performance in order to identify disparities 95 

between cohorts prior to surgery. 96 

 97 

 Based on the gaps in the literature, the purpose of this study was to investigate 98 

preoperative biomechanics across multiple functional tasks including preferred-pace walking, 99 

fast-paced walking, and sit-to-stand, alongside self-reported pain and function in cohorts that 100 

received TKA versus PKA. It was hypothesized that no differences would be observed between 101 

cohorts for self-reported measures, and patients that received PKA would show higher 102 

functionality during preoperative functional tasks compared to patients that received TKA. 103 

 104 

Materials and Methods  105 

Participants 106 

This study is a secondary analysis of a prospective cohort study, which has been 107 

reviewed and approved by the Hamilton Integrated Research Ethics Board (HiREB 16236). 108 

Patients were recruited from the Fracture Clinic at St. Joseph’s Healthcare Hamilton from 109 

November 2023 to December 2024. Patients were informed about the study by the research staff 110 

during the patient’s preoperative assessment visit approximately one month prior to surgery 111 

(average 20 days ± 32 days). Informed consent was obtained prior to enrollment in the study. 112 

Patients were included in this study if they were aged 18 or older, diagnosed with end-stage OA, 113 

and received either a PKA or a TKA at St. Joseph’s Healthcare Hamilton. Patients were excluded 114 
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from this study if they had significant disability preventing ambulation, were unable to provide 115 

informed consent, or could not complete all functional tasks.   116 

 117 

While some patients were diagnosed with bilateral OA, surgical procedures were 118 

performed unilaterally. Surgical procedures were performed by two surgeons, one of whom 119 

conducted both PKA and TKA, while the other performed only TKA. The surgical decision to 120 

perform a PKA or a TKA was based on radiographic classification (x-ray) , with final decisions 121 

left to the surgeon intraoperatively.  122 

 123 

Data Collection 124 

Patient demographics including age, sex, and body mass index (BMI) were collected 125 

through a survey that was recorded and stored in the Research Electronic Data Capture 126 

(REDCap) database at McMaster University. Patient-reported outcome measures such as Oxford 127 

Knee Score (OKS), self-reported average pain (ratings from one week to time of data collection), 128 

quality of life (EQ-5D-5l), and depression (PHQ-8) were also collected through the REDCap 129 

database. The OKS is a 12-item questionnaire that evaluates self-reported function, with lower 130 

scores indicating lower function, and higher scores indicating higher function25. OKS data was 131 

missing for one question of one patient and was left blank. Pain questions such as “Rate your 132 

average pain in the last week” were evaluated using a visual analog scale from 0 (no pain) to 10 133 

(worst pain imaginable). EQ-5D-5l assesses health across mobility, self-care, usual activities, 134 

pain/discomfort, and anxiety/depression, which is then transformed to an index value that 135 

represents how good (higher index) or bad (lower index) a person’s health state is26.  EQ-5D-5l 136 

data was missing for one question for two patients and were not included in analysis. PHQ-8 is 137 
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an 8-question evaluation of depression, with higher total scores representing more severe 138 

depression, and lower scores representing more minimal depression27. PHQ-8 data was missing 139 

for one question for two patients and were left blank. Patients also completed biomechanical 140 

functional tasks during their preoperative visit. Biomechanical functional tasks included 30-141 

second quiet standing, 60-second preferred-pace walking, 30-second fast-paced walking, and 5 142 

repetitions of sit-to-stand. For walking tasks, patients were instructed to walk along a 7.6-meter 143 

section of the hospital hallway. Video data were recorded using ten synchronized Sony Cyber-144 

shot DSC-RX0 II digital cameras set up along the hospital hallway.  145 

 146 

Data Analysis 147 

Video data was processed using markerless motion capture (V2023.1.0.3161, Theia 148 

Markerless, Kingston, ON, Canada). Biomechanical analysis was performed in Visual3D (C-149 

Motion Inc., Kingston, ON) using a custom pipeline28. Walking data was segmented into 150 

individual strides, and spatiotemporal and kinematic variables were calculated for each stride. 151 

For sit-to-stand, the pelvis velocity was used to track the number of trials, with the actual test 152 

identified between the first and last stand in order to account for delayed attempts to sit on the 153 

last trial. Spatiotemporal and kinematic variables were calculated for each sit-to-stand trial. 154 

 155 

Kinematic data and spatiotemporal parameters for each patient were extracted for further 156 

analysis in Python 3.12 using Visual Studio Code as the integrated development environment. A 157 

custom Python script was used to identify surgical side for each patient. Average sagittal knee, 158 

hip, and ankle angle waveforms during walking trials were plotted for PKA and TKA cohorts, 159 

time normalized to 100% gait. Computed differences between the fast-paced and preferred-pace 160 
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waveforms were also plotted, where preferred-pace trials were subtracted from the fast-paced 161 

trials. Discrete measures were extracted, including gait speed (m/s), stride length (m), stride 162 

width (m), peak stance knee flexion (°), peak swing knee flexion (°), knee excursion (°), peak 163 

stance hip flexion (°), peak swing hip flexion (°), peak stance hip extension (°), overall hip ROM 164 

(°), overall peak ankle dorsiflexion (°), overall peak ankle plantarflexion (°), and overall ankle 165 

ROM (°). For sit-to-stand, mean time (s), peak knee flexion angles (°), minimum knee flexion 166 

angles (°), and peak trunk flexion angles (°) in the sagittal plane were extracted. 167 

 168 

Statistical Analysis 169 

Statistical analysis was carried out in Python 3.12 using Visual Studio Code as the 170 

integrated development environment. For walking trials, linear mixed models were used to assess 171 

the main effects of surgery type (PKA or TKA), walk condition (preferred or fast), and the 172 

interaction between these two main effects, with patient ID set as the random effect. 173 

Standardized beta estimates were evaluated using z-scores, which allowed variables to be 174 

interpreted on the same scale using small (β = 0.2 – 0.5), medium (β = 0.5 – 0.8), and large (β > 175 

0.8) effect sizes. For sit-to-stand, Student’s Independent Samples T-Tests (p < 0.05) were used to 176 

assess whether mean differences between PKA and TKA cohorts were statistically significant. 177 

Cohen’s d was used to evaluate small (d = 0.2 – 0.5), medium (d = 0.5 – 0.8), and large (d > 0.8) 178 

effect size. The Shapiro-Wilk Normality Test was used to test normal distribution for each 179 

discrete measure (p < 0.05 indicating non-normal distribution). When Normality Test failed (p < 180 

0.05), the Mann-Whitney U Independent Samples T-Test was used to test statistical significance 181 

(p < 0.05), and rank biserial correlation was used to evaluate effect size.  182 

 183 
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Results 184 

104 patients were recruited for this study. 30 patients were excluded as they were unable 185 

to complete all biomechanical tasks, and a further 3 participants were removed due to unusable 186 

data during processing (camera drops, loose fitting clothing). A total of 71 patients were included 187 

in this study, with 15 patients that received PKA and 56 patients that received TKA. For patients 188 

who received a PKA, the medial and patellofemoral compartments were replaced in 11 patients, 189 

and the patellofemoral compartment was replaced in 4 patients.   190 

 191 

For patients that were included in the study, comorbidities such as presence of other joint 192 

injury or surgery, and relevant medical conditions were collected (missing: n = 2). These 193 

comorbidities include previous traumatic knee injury (PKA: 1, TKA: 5),  previous knee surgery 194 

(PKA: 2, TKA: 13), previous hip surgery (PKA: 0, TKA: 3), back pain (PKA: 6, TKA: 14), joint 195 

replacement of the upper body/back (PKA: 1, TKA: 0), OA in other joints (PKA: 7, TKA: 22), 196 

and rheumatoid arthritis (PKA: 1, TKA: 2).  197 

 198 

Patient demographics (Table 1) revealed a statistically significant difference in age 199 

between PKA and TKA cohorts, where the PKA group was significantly younger (p < 0.001). 200 

Self-reported measures (Table 1), including OKS, pain, quality of life, and depression, showed 201 

no statistically significant differences between groups.  202 

 203 

Waveforms for average knee, hip, and ankle flexion angles in the sagittal plane were 204 

plotted for PKA and TKA cohorts to compare preferred-pace walking and the difference between 205 

fast-paced and preferred-pace walking on the surgical side over 100% gait cycle (Figure 1). This 206 
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visual representation of knee, hip, and ankle joint angles in the sagittal plane highlights the 207 

interaction between surgery type and walking condition (preferred vs. fast-paced), represented as 208 

waveform differences. From these waveforms, discrete measures were analyzed to further 209 

evaluate these differences. 210 

 211 

Linear mixed models were used to evaluate main effects of walk condition, and surgery 212 

type, along with the interaction of walk condition and surgery type for spatiotemporal parameters 213 

(Table 2). The main effect of walk condition had a statistically significant effect on gait speed (p 214 

<�0.001, effect size: 1.24) and stride length (p < 0.001, effect size: 0.98). Specifically, a change 215 

in walk condition from preferred to fast-pace increased gait speed and stride length for all 216 

patients, regardless of surgery type. However, the main effect of surgery type was not associated 217 

with spatiotemporal parameters overall. Additionally, the interaction of walk condition and 218 

surgery type revealed a statistically significant difference in stride length (p = 0.003, effect size: -219 

0.34). Specifically, the PKA group was found to have a greater increase in stride length when 220 

moving from preferred to fast-paced walking compared to the TKA group. Gait speed also 221 

increased more in the PKA group when moving from preferred to fast-paced walking compared 222 

to the TKA group; however, this did not reach statistical significance (p = 0.06, effect size: -223 

0.23). 224 

 225 

Similar to spatiotemporal parameters, a main effect of walk condition exists for discrete 226 

gait measures of the knee (Table 3), hip (Table 4), and ankle ( 227 

Table 5). Specifically, a change in walk condition from preferred to fast-pace increased 228 

peak stance knee flexion (p <�0.001, effect size: 0.71), peak swing knee flexion (p <�0.001, 229 
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effect size: 0.75), knee excursion (p <�0.001, effect size: 0.85), peak stance hip flexion (p 230 

<�0.001, effect size: 0.87), peak swing hip flexion (p <�0.001, effect size: 0.64), hip ROM (p 231 

<�0.001, effect size: 1.02), and ankle ROM (p = 0.03, effect size: 0.30), and decreased peak 232 

stance hip extension (p <�0.001, effect size: -0.67), and peak ankle plantarflexion (p = 0.03, 233 

effect size: -0.26). However, the main effect of surgery type was not associated with discrete gait 234 

measures overall. Additionally, the interaction of walk condition and surgery type showed a 235 

statistically significant difference in all knee measures, some of the hip measures, and no ankle 236 

measures. The PKA group had a larger increase in peak knee flexion angle during stance phase 237 

(p = 0.004, effect size: -0.32), peak knee flexion angle during swing phase (p = 0.02, effect size: 238 

-0.50), and knee excursion (p <0�.001, effect size: -0.59) when moving from preferred to fast-239 

paced walking compared to the TKA group on the surgical side. The PKA group also had a 240 

larger increase in peak hip flexion angle during stance phase (p = 0.02, effect size: -0.28), and 241 

hip ROM (p = 0.02, effect size: -0.29) when moving from preferred to fast-paced walking 242 

compared to the TKA group on the surgical side. 243 

 244 

Student’s Independent Samples T-Tests and Mann-Whitney U Independent Samples T-245 

Test were used to evaluate statistical significance of sit-to-stand measures ( 246 

 247 

Table 6). There was no statistically significant difference found between PKA and TKA 248 

cohorts for mean time to complete all five trials, peak knee flexion, minimum knee flexion, and 249 

peak trunk flexion. Additionally, all sit-to-stand measures had small effect size. 250 

 251 
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Discussion 252 

The purpose of this study was to better understand the preoperative objective 253 

biomechanical differences between PKA and TKA cohorts, in addition to self-reported measures. 254 

As expected, no differences were observed when evaluating differences between cohorts through 255 

self-reported measures, nor at single gait speed conditions or sit-to-stand. However, when 256 

evaluating the differences in walking patterns between preferred and fast pace, the PKA group 257 

exhibited a significant change in stride length, peak knee flexion angles, and peak hip flexion 258 

angles between preferred and fast-paced walking compared to the TKA group. Overall, these 259 

results suggest that patients who eventually receive a PKA have a higher functional capacity pre-260 

operatively, as they show evidence of higher adaptability to increasing gait speed.  261 

 262 

Despite increasing interest in gait biomechanics after knee arthroplasty, few studies have 263 

examined preoperative differences between PKA and TKA. A systematic review was conducted 264 

by Dong and colleagues in 2023 to compare spatiotemporal, kinematic, and kinetic gait 265 

characteristics between PKA and TKA during level walking24. Of  13 included studies, all 266 

studies included spatiotemporal parameters, 5 studies included kinematics, and only 1 study 267 

evaluated preoperative kinematics24. While these studies mainly focused on postoperative 268 

comparisons between PKA and TKA, it is interesting to note some of the spatiotemporal and 269 

kinematic parameters that were found to be statistically significant between groups were similar 270 

to the parameters of this study that were found to be statistically significant preoperatively. Gait 271 

speed, stride length, and peak stance knee flexion were reported to be significantly higher in the 272 

PKA groups post-operatively24. While no direct comparison can be made between the results of 273 

this study and those of Dong and colleagues, these parallels underscore the value of 274 
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incorporating preoperative biomechanical assessments in order to not only to establish 275 

meaningful baselines, but also to better understand the trajectory of these functional metrics 276 

postoperatively.  277 

 278 

The only study that included a preoperative time point for biomechanical analysis during 279 

level walking included in the systematic review conducted by Dong and colleagues was a study 280 

by Braito et al16. They used a multivariate analysis of variance (MANOVA) to report on the 281 

main effects of surgical type and time, as well as the interaction between main effects16. Similar 282 

to the results of our study, Braito and colleagues found that spatiotemporal parameters including 283 

gait speed, stride length, and step width were not influenced by surgical type16. Additionally, 284 

they found no statistically significant differences between PKA and TKA in sagittal knee, hip, or 285 

ankle kinematics, regardless of timepoint16. These results match those of this study, where we 286 

found no differences between PKA and TKA cohorts when strictly analyzing single-paced 287 

biomechanical metrics. The waveforms in Figure 1 highlight similar patterns that agree with 288 

these results. When single-speed gait kinematics are observed, PKA and TKA candidates show 289 

similar sagittal knee, hip, and ankle kinematics. However, this study adds to Braito et al by 290 

evaluating multi-speed gait to look deeper into the possible differences between cohorts. We 291 

found that the PKA group increased stride length, along with many knee and hip kinematic 292 

parameters when comparing preferred and fast-paced walking. This is also evident in the 293 

waveforms of Figure 1, where plotting the differences between preferred and faster pace walking 294 

reveals differences between cohorts. Similar spatiotemporal and kinematic parameters have been 295 

reported to increase in healthy older adults in studies that evaluate multi-speed gait, including 296 

increased stride length, hip flexion during stance, and hip flexion during swing29. This further 297 

 . CC-BY 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 22, 2025. ; https://doi.org/10.1101/2025.09.21.25336261doi: medRxiv preprint 

https://doi.org/10.1101/2025.09.21.25336261
http://creativecommons.org/licenses/by/4.0/


Page 14 
 

supports the suggestion that the PKA group may have higher functional capacity over the TKA 298 

group preoperatively, as the PKA group shows similar adaptability to healthy older adults when 299 

asked to increase their gait speed. 300 

 301 

The results of this study provide a broader methodological framework for studying 302 

clinical gait populations. A critical takeaway from our findings is that meaningful biomechanical 303 

differences become apparent only when gait is assessed at multiple speeds, particularly when 304 

examining the changes between these speeds. These findings are consistent with previous work 305 

showing gait alterations in patients with moderate to severe knee OA compared to healthy 306 

controls30. Zeni and colleagues reported that, when walking speed was experimentally controlled 307 

to a single speed, the only significant biomechanical difference between OA patients and healthy 308 

participants was knee excursion30. However, additional differences emerged under fast walking 309 

conditions, including peak knee flexion, hip flexion, and ankle dorsiflexion30. This suggests that 310 

the modulation of gait speed is critical for revealing underlying functional impairments that may 311 

be masked under controlled or comfortable walking speeds. Our findings further suggest that 312 

evaluating the changes in biomechanical metrics between gait speeds provide valuable insight 313 

into functional deficits in OA populations.  314 

 315 

In addition to multi-speed gait, our study investigated the kinematic differences in sit-to-316 

stand tasks as this was expected to provide further insight into functional differences between 317 

cohorts that had not previously been studied31. A systematic review was conducted by Wang and 318 

colleagues to evaluate sit-to-stand outcomes following knee arthroplasty31. Of the 13 studies 319 

included, all involved either PKA or TKA; however, among the two studies including both 320 
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cohorts, none directly compared PKA versus TKA outcomes31. Our results suggest that sit-to-321 

stand performance may not meaningfully differentiate PKA and TKA patients.  322 

 323 

 There are some limitations to this study. Firstly, we evaluated discrete biomechanical 324 

measures as opposed to full waveform analysis. While our study provides results regarding 325 

maximum and minimum kinematic parameters, full waveform analysis such as a principal 326 

component analysis would evaluate characteristics of the full waveform. This method, however, 327 

is more challenging to interpret, and we therefore elected to perform a simpler analysis to build a 328 

foundational understanding of the dataset before pursuing more complex waveform approaches. 329 

Additionally, our study included an unequal sample size for PKA and TKA cohorts, with several 330 

more patients being in the TKA cohort. This makes it difficult to detect statistical differences 331 

between groups, since the smaller PKA group contributes less information and reduces the 332 

ability to identify true differences. However, this is a representative sample from the fracture 333 

clinic in which the study was conducted as notably less patients receive PKA. Finally, this study 334 

focuses only on preoperative data. Since this study did not evaluate post-operative conditions, we 335 

did not report on important surgical parameters such as assistive technology used, alignment 336 

techniques, or prosthetic details. Future studies should incorporate longitudinal data in order to 337 

identify how preoperative biomechanical data influences postoperative evaluation, as well as 338 

how these surgical parameters may influence outcomes.  339 

 340 
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Conclusion  341 

 This study evaluated objective biomechanical differences between PKA and TKA 342 

cohorts, in addition to self-reported measures. These findings suggest that self-reported measures 343 

alone may not provide adequate insight into the functional differences between PKA and TKA 344 

groups preoperatively. Overall, these findings highlight that multi-speed gait assessments rather 345 

than single-speed walking or sit-to-stand tasks are likely a more sensitive approach for detecting 346 

biomechanical differences in OA patients and may have broader applicability to other clinical 347 

populations. Future research should integrate these objective biomechanical metrics, utilizing 348 

both preferred and fast-paced walking, to better understand changes in objective functional 349 

capacity perioperatively between PKA and TKA interventions.  350 
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Tables 430 

Table 1. Patient demographics and self-reported measures, with statistical significance (p<0.05) 431 

in bold. Values are reported as mean (standard deviation). Low OKS scores indicate lower 432 

function, and higher scores indicate higher function. Pain ratings were from 0 (none) to 10 433 

(worst).  EQ-5D-5l low index represents lower quality of life rating, and higher index represents 434 

higher quality of life rating. PHQ-8 indicate lower depression rating, and higher values indicate 435 

higher depression rating. 436 

 
PKA  

(n = 15) 

TKA 

(n = 56) 

p-value 

Mean Age (years) 60 (7)  68 (9) < .001 

Sex (% Female) 73% Female 55% Female 0.21 

Mean BMI (kg/m2) 32.5 (6.2) 32.7 (6.7) 0.92 

Oxford Knee Score  25.7 (7.8) 24.6 (7.7) 0.64 

Average Pain in Last Week (/10) 6.2 (2.0) 6.3 (1.8) 0.82 

Average Pain in Last 24 Hours (/10) 6.1 (2.6) 5.9 (2.0) 0.80 

Average Worst Pain in 24 Hours (/10) 7.5 (2.6) 7.7 (2.1) 0.78 

Average Pain at Time of Data Collection (/10) 5.3 (3.0) 4.2 (2.7) 0.19 

Quality of Life (EQ-5D-5l) 0.6 (0.2) 0.7 (0.1) 0.47 

Depression (PHQ-8) 6.47 (4.8) 4.71 (3.5) 0.12 

 437 

 438 
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Table 2. Linear Mixed Models for spatiotemporal parameters on surgical side. Statistically 439 

significant (p < 0.05) values in bold. Beta estimates are standardized; SE represents standard 440 

error.  441 

Dependent 

Variable 

Fixed Effects β SE 95% 

Confidence 

Interval 

p -

value 

Gait Speed 

 

 

 

(Intercept) -0.51 0.22 [-0.94, -0.08] 0.02 

Surgery Type -0.03 0.25 [-0.52, 0.46] 0.91 

Walk condition 
1.24 0.10 1.04, [1.45] <�.00

1 

Surgery Type � Walk condition -0.23 0.12 [-0.46, 0.006] 0.06 

Stride Length 

 

 

 

(Intercept) -0.37 0.24 [-0.85, 0.11] 0.13 

Surgery Type 0.02 0.28 [-0.52, 0.56] 0.95 

Walk condition 
0.98 0.10 [0.78, 1.18] <�.00

1 

Surgery Type � Walk condition -0.34 0.12 [-0.57, -0.12] 0.003 

Stride Width 

 

 

 

(Intercept) 0.03 0.26 [-0.48, 0.54] 0.91 

Surgery Type 0.02 0.29 [-0.55, 0.60] 0.93 

Walk condition 0.04 0.09 [-0.14, 0.22] 0.66 

Surgery Type � Walk condition -0.17 0.10 [-0.37, 0.03] 0.09 

 442 

 443 

 444 
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Table 3. Linear Mixed Models for knee discrete gait measures on surgical side. Statistically 445 

significant (p < 0.05) values in bold. Beta estimates are standardized; SE represents standard 446 

error. 447 

Dependent 

Variable 

Fixed Effects β SE 95% 

Confidence 

Interval 

p -

value 

Knee Peak 

Stance 

Flexion 

 

(Intercept) -0.35 0.25 [-0.85, 0.15] 0.17 

Surgery Type 0.16 0.29 [-0.41, 0.72] 0.59 

Walk condition 
0.71 0.10 [0.52, 0.91] <�.00

1 

Surgery Type � Walk condition -0.32 0.11 [-0.54, -0.11] 0.004 

Knee Peak 

Swing Flexion 

 

(Intercept) -0.15 0.26 [-0.65, 0.35] 0.55 

Surgery Type -0.03 0.29 [-0.59, 0.53] 0.91 

Walk condition 
0.75 0.19 [0.38, 1.12] <�.00

1 

Surgery Type � Walk condition -0.50 0.21 [-0.91, -0.08] 0.02 

Knee 

Excursion 

 

 

(Intercept) -0.07 0.25 [-0.56, 0.43] 0.80 

Surgery Type -0.16 0.28 [-0.72, 0.39] 0.56 

Walk condition 
0.85 0.12 [0.62, 1.09] <�.00

1 

Surgery Type � Walk condition 
-0.59 0.13 [-0.85, -0.33] <�.00

1 

 448 

 449 

 450 
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 451 

 452 

Table 4. Linear Mixed Models for hip discrete gait measures on surgical side. Statistically 453 

significant (p < 0.05) values in bold. Beta estimates are standardized; SE represents standard 454 

error. 455 

Dependent 

Variable 

Fixed Effects β SE 95% 

Confidence 

Interval 

p -

value 

Hip Peak 

Stance 

Flexion 

 

(Intercept) -0.52 0.25 [-1.00, -0.03] 0.04 

Surgery Type 0.24 0.28 [-0.30, 0.79] 0.39 

Walk condition 
0.87 0.10 [0.67, 1.07] <�.00

1 

Surgery Type � Walk condition -0.28 0.12 [-0.51, -0.05] 0.02 

Hip Peak 

Swing Flexion 

 

(Intercept) -0.32 0.25 [-0.82, 0.17] 0.20 

Surgery Type 0.09 0.29 [-0.47, 0.65] 0.75 

Walk condition 
0.64 0.10 [0.45, 0.84] <�.00

1 

Surgery Type � Walk condition -0.18 0.11 [-0.39, 0.04] 0.11 

Hip Peak 

Stance 

Extension 

 

(Intercept) 0.35 0.25 [-0.15, 0.84] 0.17 

Surgery Type -0.10 0.28 [-0.66, 0.46] 0.72 

Walk condition 
-0.67 0.09 [-0.85, -0.49] <�.00

1 

Surgery Type � Walk condition 0.18 0.10 [-0.03, 0.38] 0.09 

Hip Range of 

Motion 

(Intercept) -0.57 0.24 [-1.04, -0.10] 0.02 

Surgery Type 0.22 0.27 [-0.31, 0.75] 0.41 
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Walk condition 

1.02 0.11 [0.81, 1.23] <�.00

1 

Surgery Type � Walk condition -0.29 0.12 [-0.52, -0.05] 0.02 

 456 

Table 5. Linear Mixed Models for ankle discrete gait measures on surgical side. Statistically 457 

significant (p < 0.05) values in bold. Beta estimates are standardized; SE represents standard 458 

error. 459 

Dependent 

Variable 

Fixed Effects β SE 95% 

Confidence 

Interval 

p -

value 

Ankle Peak 

Dorsiflexion 

 

 

(Intercept) -0.04 0.26 [-0.56, 0.47] 0.87 

Surgery Type 0.12 0.29 [-0.46, 0.69] 0.69 

Walk condition 0.07 0.15 [-0.23, 0.37] 0.64 

Surgery Type � Walk condition -0.21 0.17 [-0.54, 0.13] 0.22 

Ankle Peak 

Plantarflexion 

 

 

(Intercept) 0.04 0.26 [-0.47, 0.54] 0.89 

Surgery Type 0.15 0.29 [-0.42, 0.72] 0.61 

Walk condition -0.26 0.12 [-0.50, -0.03] 0.03 

Surgery Type � Walk condition -0.06 0.14 [-0.32, 0.21] 0.68 

Ankle Range of 

Motion 

 

 

(Intercept) -0.06 0.26 [-0.57, 0.45] 0.82 

Surgery Type -0.09 0.29 [-0.66, 0.49] 0.77 

Walk condition 0.30 0.14 [0.03, 0.57] 0.03 

Surgery Type � Walk condition -0.06 0.16 [-0.36, 0.25] 0.73 

 460 

 461 
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 463 

Table 6. Sit-to-stand metrics showed no significant differences between cohorts. Values are 464 

reported as mean (standard deviation). For mean time, Mann-Whitney U Independent Samples 465 

T-Test and rank biserial correlation were used. For the remaining variables, Student’s 466 

Independent Samples T-Tests and Cohen’s d were used.  467 

 PKA TKA p-value Cohen’s d 

Mean Time (s) 15.91 (5.48) 14.83 (4.44) 0.75 0.05 

Peak Knee Flexion (°) 66.01 (4.57) 65.30 (4.95) 0.62 0.15 

Minimum Knee Flexion (°) 5.96 (2.99) 7.18 (3.13) 0.18 -0.39 

Peak Trunk Flexion (°) -41.56 (12.23) -43.38 (13.13) 0.63 0.14 

 468 

 469 

Figure Legends 470 

Figure 1. Ensemble waveforms with standard deviation shading for knee, hip, and ankle flexion 471 

angles during walking trials for PKA (blue) and TKA (red) patients on the surgical side. Sub-472 

figures a), d), and g) show preferred-pace trials; b), e), and h) show fast-paced trials; and c), f), 473 

and i) show the computed difference between fast- and preferred-pace trials. Note: Difference 474 

waveforms (c, f, i) are plotted on a smaller y-axis scale to reflect the lower magnitude of change 475 

between conditions. 476 

 477 
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