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Low phase angle indicates poor
muscle strength and physical
performance in patients with knee
osteoarthritis awaiting total knee
arthroplasty

Young Seok Kim?, Seung Ick Choil, Jun Young Park?, Hui Woo Yang?, Wonhee Leel+*,
Sung-hwan Kim3, Kwangho Chung?*“ & NaYoung Kim4>*

Total knee arthroplasty (TKA) is commonly considered to improve physical function in patients with
knee osteoarthritis (OA). However, factors related to pre- and postoperative physical performance
remain unclear. Therefore, this prospective cohort study aimed to evaluate the association between
the phase angle (PhA) determined via bioelectrical impedance and physical status in patients with
knee OA awaiting TKA. In total, 226 patients (age 72.6 years; 35 males; 112 bilateral symptoms)

were divided into low and high PhA groups; between-group differences and changes over time were
analyzed. The low PhA group (n=62) had significantly lower muscle strength and physical performance
than did the high PhA group (n=164). Of the cohort, 63 (27.9%) patients completed the 3-month
postoperative assessment. While physical performance significantly improved in both groups, the low
PhA group still exhibited poorer physical performance (P <.005). Multivariable analysis identified a
low PhA as an independent risk factor for the 10-meter walk (B = -0.215; 95% confidence interval [CI]:
-0.291 to -0.140) and log-transformed timed up-and-go test performance (=0.218; 95% Cl 0.140 to
0.296) after adjusting for baseline covariates. A low PhA could indicate poor pre- and postoperative
physical status in patients with knee OA.

Keywords Phase angle, Knee replacement arthroplasty, Bioelectrical impedance, Muscle strength, Physical
performance

Knee osteoarthritis (OA) is the most common form of osteoarthritis'. The age-standardized prevalence of knee
OA is 4,307 cases per 100,000 individuals, and the number of patients with knee OA is expected to increase by
approximately 75% by 2050!. As knee OA progresses, patients experience joint pain and stiffness, leading to
physical inactivity and disability?*. Total knee arthroplasty (TKA) is an effective treatment for patients with
knee OA in whom nonsurgical treatments fail to improve physical function, joint pain, and quality of life®>.
With the increasing number of TKA surgeries performed, there is a growing interest in the factors influencing
postoperative outcomes.

Despite advances in surgical techniques® the factors influencing functional recovery after TKA remain
unclear. Notably, more than 20% of patients who underwent TKA were dissatisfied with the outcome, and this
satisfaction did not align with performance-based outcomes or quadriceps muscle strength®’. A recent meta-
analysis revealed a positive correlation between preoperative and postoperative function® contradicting the
results of a previous systematic review reporting that low preoperative physical function is a prognostic factor
for superior postoperative physical function®. Obesity is a well-known risk factor for poor outcomes*3; however,
its impact on TKA outcomes was too small to achieve clinical significance!’. These conflicting findings highlight
the need for further research on the factors that influence postoperative physical function following TKA.

1Department of Rehabilitation Medicine, Yongin Severance Hospital, Yonsei University College of Medicine, 363
Dongbaekjukjeon-daero, Giheung-gu, Yongin 16995, Republic of Korea. 2Department of Orthopedic Surgery,
Yongin Severance Hospital, Yonsei University College of Medicine, 363 Dongbaekjukjeon-daero, Giheung-gu,
Yongin 16995, Republic of Korea. 3Department of Orthopedic Surgery, Gangnam Severance Hospital, Yonsei
University College of Medicine, Seoul, Republic of Korea. “Department of Rehabilitation Medicine, Yonsei University
College of Medicine, Seoul, Republic of Korea. *email: khchung85@gmail.com; kny8452@yuhs.ac

Scientific Reports | (2025) 15:27511 | https://doi.org/10.1038/s41598-025-13065-5 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-13065-5&domain=pdf&date_stamp=2025-7-28

www.nature.com/scientificreports/

Emerging evidence suggests that muscle quality rather than muscle mass may be a key determinant of
physical function in patients with knee OA!"12. A higher ratio of intramuscular fat to lean mass in the quadriceps,
quantified using magnetic resonance imaging, is associated with higher pain intensity and poorer physical
function!!. Furthermore, increased echogenicity in the thigh muscles, which denotes higher intramuscular
adipose tissue levels, as measured via ultrasonography, is associated with reduced mobility performance, whereas
muscle thickness is unrelated to functional outcomes!?. However, measurements using imaging modalities
require large-scale equipment, long restraint hours, and expertise; thus, simpler and more objective indices of
body composition have been investigated.

Bioelectrical impedance analysis (BIA) is an inexpensive and portable method used to estimate body
composition by passing a weak current through the body. In particular, the phase angle (PhA) is gaining
attention because it is directly calculated from the reactance and resistance to varied frequencies, whereas other
parameters, such as muscle mass, are estimated based on a prediction formula'?. The PhA has been considered as
an index reflecting the physiological function of cell membranes and an indicator of muscle quality'*. A higher
PhA is associated with increased quadriceps strength independent of lower limb muscle mass'®. Moreover, the
PhA is independently related to gait function and the ground reaction force index during standing, whereas
muscle mass does not correlate with any motor function-related measurements'. However, previous studies
have not explored the relationship between the PhA and postoperative physical function!>!°.

To this end, our study aimed to investigate the differences in pre- and postoperative physical status according
to the PhA in patients with knee OA scheduled for TKA. This was addressed through two objectives: First,
to compare clinical characteristics—such as radiological severity of knee OA, quadriceps muscle strength and
mass, and physical function—between the low and high PhA groups; second, to examine whether a low PhA is
independently associated with physical performance 3 months after TKA.

Methods

Participants and sample size

A prospective cohort study was conducted at a single medical center in the Republic of Korea. Individuals with
knee OA who were scheduled for TKA between March 2021 and August 2024 were initially included. Knee
OA was confirmed based on medical history, physical examination, and radiographic assessment of the knee
joints!”. The exclusion criteria were as follows: patients (1) aged < 55 years; (2) with neurological disorders, such
as Parkinson’s disease, stroke, and dementia; (3) with severe cardiac, pulmonary, or musculoskeletal disorders
limiting physical function; (4) with knee OA due to secondary causes; and (5) with a history of any knee surgery
within 1 year. Patients with missing values of preoperative variables were excluded from the relevant analyses.
The study was approved by the Institutional Review Board of Yonsei University (9-2024-0150); performed in
accordance with the relevant guidelines and regulations, including the Declaration of Helsinki; and reported
according to the Strengthening the Reporting of Observational Studies in Epidemiology guidelines'®. Informed
consent was obtained from all patients before enrollment.

The required sample size to achieve 80% power at a two-sided a-level of 0.05 using an independent two-
sample t-test was calculated using G*Power version 3.1.9.6 (Heinrich-Heine-Universitat Diisseldorf, Diisseldorf,
Germany)'. The target effect size (Cohen’s d=0.88) was derived from a previous study that reported a
0.15 m/s difference in gait speed between patients with OA with and without sarcopenia (pooled standard
deviation=0.17)%. This value is more conservative than that of another study reporting a higher effect size
(Cohen’s d =1.02) for the correlation between the PhA and walking speed?!. With an expected recruitment ratio
of 1:2, the minimum total sample size required was 48 participants (low PhA: n=16, high PhA: n=32). Patients
were continuously enrolled until at least 48 participants had completed the 3-month postoperative follow-up.

Baseline characteristics

Baseline data on demographics, comorbidities, and clinical covariates were collected. Physical activity levels
were assessed using the validated the International Physical Activity Questionnaire (IPAQ)?2. The burden of
comorbidities was calculated using a modified version of the Charlson Comorbidity Index (CCI). A numeric
pain rating scale was used to assess participants’ initial pain levels.

Handgrip strength was measured using a JAMAR Plus dynamometer (Health International LTD, Ashfield,
UK), according to the standardized protocol®®. Low handgrip strength was defined as a grip strength < 28 kg for
males and < 18 kg for females?*.

Passive knee flexion/extension angles were measured using a goniometer. All radiographs were evaluated
preoperatively by an experienced, board-certified physiatrist (Y.S.K). Hip-knee-ankle, lateral distal femoral,
medial proximal tibial, and joint line convergence angles were manually measured on radiographs in the standing
position®*. The radiographic severity of knee OA was assessed using the Kellgren-Lawrence grading system.

Physical function and isokinetic strength
Physical function was evaluated using the 10-meter walk test (10MWT), timed up-and-go test (TUGT) and
Berg Balance Scale (BBS). For the I0MWT, patients were instructed to walk 14 m, including 2 m at both ends for
acceleration and deceleration, at a comfortable speed®. Gait speed was calculated by dividing the 10-m distance
by the time taken. For the TUGT, patients stood up from a seated position, walked 3 m, turned around, returned
to the chair, and sat down?°. This was repeated three times, and the average time was recorded for analysis. Static
and dynamic balance were measured with the BBS, which consists of 14 tasks rated from 0 to 4, producing a
total score of 0-567.

Peak torque and total work during knee extension and flexion were assessed using an isokinetic dynamometer
(Cybex NORM', Humac, Stoughton, MA). Participants were instructed on the standardized procedures before
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and during the test?®. Concentric measurements were performed at angular velocities of 60°/s and 150°/s, with a

rest period between trials. The trials were repeated three times, and the average values were recorded for analysis.

PhA and body composition

BIA was performed with InBody S10 (BioSpace, Seoul, South Korea), which has shown high concordance with
dual-energy X-ray absorptiometry—the gold-standard method—and acceptable inter-device reliability?*>C.
Before measurement, all patients were instructed to fast for a minimum of 3 h, avoid alcohol and vigorous
activity, and empty the bladder. Patients assumed a supine position, and eight electrodes were attached to their
wrists and ankles. After resting for 15 min, body composition was estimated from the reactance and impedance
of different frequencies. The PhA was calculated as the arctangent of the reactance-to-resistance ratio at 50
kHz'"3. Low muscle mass, calculated by height? —adjusted appendicular skeletal muscle mass, was defined as
<7.0 kg/m? for males and <5.7 kg/m? for females?. The cutoff point for a low PhA was set as 4.95 for males
and 4.35 for females, as suggested by a previous study predicting physical disability in older adults®!. The study
population had a similar age distribution (71.8+5.3 years) to that of our cohort (72.6 £6.6 years) and the same
ethnic background.

Surgical techniques

Two board-certified orthopedic surgeons (K.C. and J.Y.P.), each with more than 5 years of clinical experience
in the field, performed all TKAs. Either a medial parapatellar arthrotomy or mid-vastus approach with a mid-
line skin incision was employed. Standard extramedullary and intramedullary instrumentation or navigated
surgical instruments were used to achieve mechanical alignment. The postoperative protocol was identical for
both groups and included education on postoperative exercises, such as range of motion exercises, quadriceps
exercises, ankle pumps, and straight leg raises.

Postoperative assessment

Hip-knee-ankle, mechanical lateral-distal femoral, and medial-proximal tibial angles were calculated to
evaluate the postoperative alignment of the lower limb?? with target values of 180°, 90°, and 90°, respectively.
Any deviations greater than 3° were deemed outliers®2. All performance-based and isokinetic strength tests were
conducted 3 months after surgery using the same protocols described above.

Statistical analysis
The Shapiro-Wilk test was performed to assess the data distribution in all analyses. The baseline characteristics of
the low and high PhA groups were compared using unpaired t-tests or the Mann-Whitney U test for continuous
variables, whereas Fisher’s exact test or the chi-square test was applied for categorical variables. A pre—post
comparison within each group was performed using paired t-tests or the Wilcoxon rank-sum test according to
the data distribution. We performed multivariable linear regression to examine the association between a low
PhA and postoperative physical function after adjusting for the following covariates: (1) preoperative variables
significantly associated with the outcome (P<.05) and (2) variables deemed relevant in previous studies,
including the body mass index (BMI), pain score, radiographic severity, and low handgrip strength®8. After
reviewing the assumptions, total work measurements were excluded from the multivariable analysis to avoid
multicollinearity. TUGT results were log-transformed. The relationship of functional outcomes with BBS scores
was not analyzed because the BBS scores did not meet the normality assumptions even after log-transformation.
A stepwise backward regression was used to select significant variables for the final model. Goodness-of-fit was
evaluated using the Hosmer-Lemeshow test, and multicollinearity was assessed using variable inflation factors.
Cohen’s d effect sizes were calculated for between-group differences in pre- and postoperative physical function.
For multivariable regression analyses, the magnitude of the PhA group effect was expressed using standardized
regression coefficients and the percentage of variance explained by the variable.

All analyses were performed using R software version 4.2.3 (Boston, MA), and a two-tailed P value of <0.05
was considered statistically significant.

Results

Comparison of baseline characteristics and physical function based on the pha

The flow of study participants is shown in Fig. 1. A total of 226 patients were included in the study (mean age,
72.6+6.6 years; 35 [15.5%] male; 112 [49.6%] exhibited bilateral symptoms). Participants were classified into low
(n=62, 27.4%) or high PhA groups (n =164, 72.6%). Participants in the low PhA group were significantly older
and had lower handgrip strength than did those in the high PhA group, independent of unilateral or bilateral
symptoms (P <.05, Table 1). A significantly lower skeletal muscle index was found in the low PhA group among
patients with bilateral symptoms, whereas there was no significant between-group difference in the skeletal
muscle index among participants with unilateral symptoms. There were no significant differences in sex, BMI,
CCI, or the IPAQ scores between the low and high PhA groups, regardless of unilateral or bilateral symptoms. In
the radiographic evaluation, significantly more patients in the low PhA group showed a high Kellgren-Lawrence
grade (grade 3 or 4) in the asymptomatic knee (12 of 25 cases vs. 14 of 89 cases, P<.05), as well as a larger joint
line convergence angle (P<.05) than that of patients in the high PhA group. There was no significant difference
in the Kellgren-Lawrence grade of each knee between the groups among patients with bilateral symptoms.

The low PhA group demonstrated significantly slower gait speed and poorer TUGT and BBS scores than
did the high PhA group, regardless of unilateral or bilateral symptoms (Table 2, P<.001, Cohen’s d> 0.8 for all
three assessments). The low PhA group consistently demonstrated lower peak torque and total work during
knee extension and flexion at both 60°/s and 150°/s across both legs, regardless of whether OA symptoms were
present.
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Individuals with knee osteoarthritis (OA)

scheduled for total knee arthroplasty Exclusion (n= 12)
between March 2021 and August 2024 1. Age <55 years (n=2)
n =248 2. Past history of neurological disorders (n = 2)

3. Past history of severe cardiac, pulmonary, or
musculoskeletal disorders (n = 4)

4. Knee OA due to secondary causes such as rheumatic or
traumatic arthritis (n = 1)

5. Past history of any knee surgery within 1 year (n = 3)

Enrolled participants

n= 236
Missing data (n = 10)
Study population
n= 226

Phase angle (PhA) measurement
Men: PhA < 4.95°; Women: PhA <4.35°

|
! !

Low PhA High PhA
n=062 n=164

follow up (n=42)

Loss to 3-month postoperative Loss to 3-month postoperative
i i follow up (n=121)

Low PhA High PhA
n=20 n=43

Fig. 1. Flow chart of the study population.

Changes in physical status after TKA

After the baseline assessment, all patients underwent TKA, and 63 of the 226 (27.9%) patients completed the
follow-up assessment at 3 months (Table 3). The distribution of unilateral and bilateral TKAs between the low
and high PhA groups showed no statistically significant difference (X? = 2.685, df=1, P=.10, Supplementary
Table  S1). There was no significant difference between the low (1#=20) and high PhA groups (n=43) in
radiographic alignment after surgery (Supplementary Table S2). Both groups exhibited significant improvements
in the 1I0MWT, TUGT, BBS, and pain scores (P<.05), with no significant between-group difference in the
magnitude of improvement (all P>.05, data not shown). However, the low PhA group continued to exhibit
poorer performance than that of the high PhA group after surgery, with significantly slower I0MWT and TUGT
times and lower BBS scores (P<.005, Cohen’s d>1 for all three assessments). None of the isokinetic strength
profiles showed significant changes after TKA in either group.

Association between physical function and the pha

Table 4 shows the univariable and multivariable regression analyses for the postoperative 1I0MWT and log-
transformed TUGT results. Several factors were significantly associated with the 10MWT performance in
univariable analysis, including a low PhA, baseline 10MWT result, age, peak extension and flexion torque,
low handgrip strength, and CCI. These variables were also significantly associated with the log-transformed
TUGT time, with male sex and baseline pain scores identified as significant predictors. A low PhA remained an
independent risk factor for both IOIMWT (B = -0.215; 95% confidence interval [CI]: -0.291 to -0.140, P=.020)
and log-transformed TUGT results (p=0.218; 95% CI: 0.140 to 0.296, P=.013) in the final multivariable
regression models. A low PhA explained 5.89% of the variance for the I0MWT performance and 6.56% for
the log-transformed TUGT results. In addition to a low PhA, baseline IOMWT results, log-transformed TUGT
results, peak flexion torque on the asymptomatic side, and CCI remained significant predictors of functional
outcomes (P<.05). BMI was an additional significant predictor of the log-transformed TUGT results (P <.05).
All variable inflation factors in the final model were < 3.

Discussion

Our study highlights that the PhA is significantly related to preoperative and postoperative physical function in
patients with knee OA undergoing TKA. The low PhA group exhibited reduced preoperative muscle strength and
physical function compared with that of the high PhA group. Although TKA improved physical performance
in both groups, the low PhA group continued to show inferior outcomes. A low PhA was also independently
associated with poorer postoperative physical performance after adjusting for baseline covariates.

In the present study, patients with a low PhA consistently showed low strength in multiple muscle groups,
including the handgrip muscles, quadriceps, and hamstrings. Although the underlying mechanism has not been
fully elucidated, PhA values have been independently associated with handgrip strength in different age groups
and among individuals with different health conditions®®. Studies using muscle ultrasonography have shown
a correlation between the PhA and echogenicity of the quadriceps muscle®*3>; increased echogenicity reflects
increased intramuscular fat and fibrous tissue levels, which are considered to decrease muscle quality!!. Cellular
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Bilateral symptomatic knee OA Unilateral symptomatic knee OA

(n=112) (n=114)

Low PhA | High PhA Low PhA | High PhA

(n=37) (n=75) P (n=25) (n=89) P
Age, yr 75.3+£6.5 71.6+£6.0 0.004** 76.6+7.5 71.1+£6.2 <0.001%**
Gender (M: F) 4:33 9:66 1 3:22 19:70 0.404
BMI, kg/m2 26.2+3.0 27.2+3.0 0.109 26.6+4.8 27.9+5.8 0.285
SMI, kg/m2 6.1+£0.7 6.7£0.8 <0.001*** | 6.4+1.0 6.7+1.0 0.123

Maximum handgrip

19.1+4.7 245+6.3 <0.001*** | 21.2+5.1 251+7.1 0.014*
strength, kg

mlf body 4003  [49+04 | <0.001** [42+03 |51£06 |<0.001%*
Numeric pain score 5.4+2.0 53+1.5 0.847 51+1.4 51+1.6 0.916
;ﬁiﬁson’s comorbidity | 50,10 |18+10 | 0305 2012 |18+10 |0392
IPAQ 0.764 0.276
1 22 (59.5%) | 49 (65.3%) 22 (88.0%) | 65 (73.0%)

2 14 (37.8%) | 25 (33.3%) 3(12.0%) | 22 (24.7%)

3 1(2.7%) 1(1.3%) 0 (0.0%) 2(2.2%)

KL grade, Right / Symptomatic 0.283 0.057
1 0(0.0%) | 0(0.0%) 0(0.0%) | 0(0.0%)

2 1(2.7%) 1(1.3%) 2 (8.0%) 5(5.6%)

3 8(21.6%) |27 (36.0%) 7 (28.0%) | 49 (55.1%)

4 28 (75.7%) | 47 (62.7%) 16 (64.0%) | 36 (39.3%)

KL grade, Left / Asymptomatic 0.382 0.006**
1 0 (0%) 0 (0%) 4(16.0%) | 23 (25.8%)

2 2(54%) | 7(9.3%) 9(36.0%) |52 (58.4%)

3 16 (43.2%) | 23 (30.7%) 10 (40.0%) | 13 (14.6%)

4 19 (51.4%) | 45 (60.0%) 2 (8.0%) 1(1.1%)
Hip-knee-ankle angle, °

Right / Symptomatic 173.1+6.8 | 173.4+4.5 | 0.835 174.4+£6.0 | 174.3+5.5 | 0.932
Left / Asymptomatic 173.3+£6.3 | 173.2+4.8 | 0.968 1759+4.3 |177.2+3.7 | 0.171
Lateral distal femoral angle, °

Right / Symptomatic 89.1+4.0 88.9+2.5 0.824 88.7+3.7 88.8+2.8 0.886
Left / Asymptomatic 88.4+4.2 |885+25 |0.929 88.3+3.6 |88.0£25 |0.667
Medial proximal tibial angle, ©

Right / Symptomatic 86.3+£3.0 |86.9+3.7 |0.490 87.4+3.6 |859+9.3 |0.251
Left / Asymptomatic 86.6+3.2 86.9+2.9 |0.723 86.7+3.0 |87.2+£29 |0.504
Joint line convergence angle, ©

Right / Symptomatic 50+3.4 54+29 0.569 4.6+27 4.0+3.1 0.347
Left / Asymptomatic 54+3.5 56+2.8 0.760 4.2+23 2.8+23 0.012*
Knee extension, ©

Right / Symptomatic | 0.7+1.7 0.7+£1.8 0.991 0.7+1.7 0.6+1.7 0.891
Left / Asymptomatic 0.7+1.7 0.8+1.9 0.705 0.6+1.7 0.6+1.7 0.962
Knee flexion, ©

Right / Symptomatic 126.1£2.9 | 125.5+2.1 | 0.281 125.4+2.5 | 125.4£2.6 |0.932
Left / Asymptomatic 1259+2.8 | 125.9+2.4 | 0.877 126.4+2.7 | 127.2+2.8 |0.184

Table 1. Patient characteristics stratified by phase angle. Note: Values are presented as mean * standard
deviation or number (%). “Right / Symptomatic " refers to the Right knee for bilateral symptomatic knee OA
and the symptomatic knee for unilateral symptomatic knee OA, while “Left / Asymptomatic " refers to the

Left knee for bilateral symptomatic knee OA and the asymptomatic knee for unilateral symptomatic knee OA.
*P<.05,**P<.01, ***P<.001. BMI, body mass index; IPAQ, International Physical Activity Questionnaire; KL,
Kellgren Lawrence; OA, osteoarthritis; PhA, phase angle; SMI, skeletal muscle index.

and molecular changes in the quadriceps muscle, such as excessive extracellular matrix, fewer satellite cells, and
greater collagen content, could contribute to a low PhA%. We report similar findings herein and also indicate
involvement of the hamstring muscle.

In the present study, the low PhA group showed poorer preoperative physical performance than that of the
high PhA group, independent of the measurement scale applied. This may be explained by the reduced strength of
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Bilateral symptomatic knee OA (n=112) Unilateral symptomatic knee OA (n=114)
Low PhA High PhA Cohen’sd Low PhA High PhA Cohen’sd
(n=37) (n=75) P (95% CI) (n=25) (n=89) P (95% CI)
rlr?/:“ Walk test, 0.8+0.3 1.0£0.2 <0.001°* | -0.84 (-1.25,-0.43) | 0.8+0.2 1.0+0.2 <0.001* | -1.00 (-1.46, -0.54)
gomt‘:t}jsp and 16.7+7.1 12.0£2.8 <0.001*** | 0.96 (0.55,1.38) | 15.8+4.7 12.3%3.0 0.002** | 1.06 (0.61, 1.52)
SBce;feBalance 49.6+4.7 53.5+2.8 <0001 | -1.06 (-1.48, -0.64) | 49.0+6.2 53.2+3.4 0.003** | -1.01 (-1.47, -0.56)
Isokinetic strength in Extension, N m
Peak torque at 60°/s
Right / Symptomatic | 34.5+14.1 | 43.5+19.1 | 0.015* 051 (-091,-0.11) | 304153 | 412+209 |0.017* -0.55 (-0.99, -0.10)
Left / Asymptomatic | 31.0+11.4 |450426.4 | <0.001** | -0.62 (-1.02,-0.22) | 48.0+17.7 |58.1+27.0 |0.031* -0.40 (-0.84, 0.04)
Total work at 60°/s
Right / Symptomatic | 166.9+81.8 |219.1+107.2 | 0.012* -0.52(-0.92,-0.12) | 142.7+76.7 |210.5+117.6 | 0.001** | -0.62 (-1.06, -0.17)
Left / Asymptomatic | 155.3469.3 | 237321547 | <0.001*** | -0.62 (-1.02,-0.21) | 242.8+101.1 | 305.2+163.8 | 0.023* -0.41 (-0.85, 0.03)
Peak torque at 150°/s
Right / Symptomatic |25.4+10.4 |32.1+12.5 |0.007* |-0.57(-0.97,-0.16) | 22.0+10.5 |30.0+140 | 0.009** | -0.60 (-1.05, -0.16)
Left / Asymptomatic | 24.2+8.6 33.8+245 | 0.003** | -046(-0.86,-0.07) |32.1+142 |40.7+188 |0.037* -0.48 (-0.92, -0.04)
Total work at 150°/s
Right / Symptomatic | 353.8+173.6 | 486.9+219.8 | 0.002** | -0.65 (-1.05,-0.24) | 305.8+157.5 | 460.84+236.2 | <0.001*** | -0.70 (-1.15, -0.25)
Left / Asymptomatic | 356.1+149.3 | 531.0£390.2 [ 0.001** | -0.53 (-0.93,-0.13) | 482.9+236.0 | 625.0+300.5 | 0.031* -0.49 (-0.94, -0.05)
Isokinetic strength in Flexion, N m
Peak torque at 60°/s
Right / Symptomatic | 17.8+7.7 2664125 | <0.001** | -0.79 (-1.20,-0.38) | 18.0+8.8 240+115 | 0.018* -0.55 (-0.99, -0.10)
Left / Asymptomatic | 17.6+7.7 253+13.4 | <0.001** | -0.65 (-1.05,-0.25) | 22.4%8.6 293+13.6 | 0.003** | -0.54(-0.99,-0.10)
Total work at 60°/s
Right / Symptomatic | 83.0446.8 | 121.7+71.4 |0.001** | -0.60 (-1.00,-0.20) | 73.8+47.4 | 110.4+68.3 |0.003** | -0.57 (-1.01,-0.13)
Left / Asymptomatic | 74.0+49.1 | 1164654 |0.001** |-0.70(-1.10,-0.30) | 103.8+56.1 |153.5+83.8 |0.001** | -0.63 (-1.08,-0.19)
Peak torque at 150°/s
Right / Symptomatic | 16.5+6.2 20.8+8.6 0.004** | -0.54(-0.94,-0.14) | 15.4%6.9 21.0+8.6 0.004** | -0.68 (-1.12,-0.23)
Left / Asymptomatic | 16.5+6.6 2134109  [0.005** | -0.49(-0.89,-0.10) | 18.5%7.2 23.849.5 0.011* -0.59 (-1.03, -0.14)
Total work at 150°/s
Right / Symptomatic | 191.0+110.3 | 260.8+146.4 | 0.014* -0.51(-0.91,-0.12) | 161.5+106.2 | 260.0+162.3 | 0.001** | -0.65 (-1.09, -0.20)
Left / Asymptomatic | 177.1+114.5 | 248.2+137.7 | 0.009°* | -0.54 (-0.94,-0.14) | 209.0+132.4 | 330.6+189.0 | 0.001** | -0.68 (-1.13,-0.24)

Table 2. Physical function and isokinetic strength stratified by phase angle. Note: Values are presented
as mean + standard deviation or number (%). “Right / Symptomatic " refers to the Right knee for Bilateral
symptomatic knee OA and the symptomatic knee for unilateral symptomatic knee OA, while “Left /
Asymptomatic " refers to the Left knee for bilateral symptomatic knee OA and the asymptomatic knee for
unilateral symptomatic knee OA. *P<.05, **P<.01, ***P<.001. OA, osteoarthritis; PhA, phase angle.

the lower extremity muscles as described above. Alternatively, a low PhA might imply deterioration of biological
factors related to knee joint function. Local inflammation, such as synovitis and effusion, is prevalent in knee
OAY. Pre-radiographic lesions, such as matrix changes in the cartilage, synovitis, bone marrow lesions, and
degenerative changes in soft-tissue structures, including ligaments and the knee meniscus, have been detected
in the early phase of the disease®®. These changes are followed by alterations in membrane permeability and the
amounts of extracellular and intracellular fluids, which could alter the determinants of the PhA!4. Furthermore,
a significant relationship has been shown between an increasing radiographic knee OA severity and a decreasing
PhA'. Likewise, in the current study, patients in the low PhA group with unilateral symptoms had more severe
radiographic OA on the asymptomatic side, whereas those with bilateral symptoms experienced more muscle
loss. A low PhA in patients with knee OA may, therefore, indicate disease progression, related conditions, or
both.

Physical performance improved after TKA in the low PhA group, albeit it remained significantly lower than
that in the high PhA group before surgery. Considering that the knee extensor/flexor muscle strength did not
significantly change in either group after surgery, the amelioration of other factors, including knee pain and
stability, might have contributed to the functional improvement. In the low PhA group, pre- and postoperative
gait speed and the TUGT results were not only lower than those in the high PhA group but also below the cutoff
values for predicting poor prognosis (gait speed <1.0 m/s?*> and TUGT > 12 s*. Slow gait speed is used as an
indicator of frailty, characterized by subclinical impairments in multiple organ systems that impede the body’s
ability to maintain physiological homeostasis in the presence of stressors*’. Although further studies are needed
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Low PhA (n=20) High PhA (n=43)
Baseline Follow-up | P Baseline Follow-up | P Between group Cohen’s df (95% CI)
rlr?/;n Walk test, | g0 09+0.2 | 0.038* 1.0£02 | 1.1+02 0.002** | -1.00 (-1.56, -0.44)
E‘med Upand | 50,5, 139432 | 0.039* 121224 | 109+18 0.001*** | 1.29 (0.71, 1.86)
o test, s
f;rl% balance | 55,55 524+29 | 0.002% 539424 | 548+1.6 0.002** | -1.15(-1.71, -0.58)
Numericpain | ¢ 5, 4 1911 | <0.001*** | 54+11 |1.8+09 <0.001* | 0.10 (-0.43, 0.63)

score

Isokinetic strength in Extension, N m

Peak torque at 60°/s
Right 38.7+18.9 37.8+15.7 |0.718 44.6+24.4 |40.9+19.0 0.183 -0.17 (-0.70, 0.36)
Left 39.7+18.8 40.4+152 |0.883 46.8+19.8 | 45.0£21.9 0.599+ -0.23 (-0.76, 0.30)
Total work at 60°/s
Right 179.3+£107.7 | 176.2+£102.8 | 0.794+ 223.6+146.5 | 222.7+119.3 | 0.953 -0.41 (-0.94, 0.13)
Left 200.3+123.5 | 210.0+£93.8 | 0.755 244.7+123.6 | 256.6+£138.9 | 0.4401 -0.37 (-0.90, 0.17)
Peak torque at 150°/s
Right 28.1+12.7 269+17.8 | 0.254t 32.7+14.4 |30.7+£14.3 0.290 -0.25 (-0.78, 0.29)
Left 29.1+14.2 289+16.1 |0.586t 33.4+12.1 |334+£16.2 0.429+ -0.28 (-0.81, 0.25)
Total work at 150°/s
Right 389.4+216.7 | 353.1+213.4 | 0.374 504.0+£264.8 | 490.9+£253.2 | 0.744 -0.57 (-1.11, -0.03)
Left 443.6+254.8 | 423.5+275.0 | 0.781 519.9+201.1 | 563.8+284.3 | 0.476% -0.50 (-1.04, 0.04)
Isokinetic strength in Flexion, N m
Peak torque at 60°/s
Right 19.5+£9.3 24.7+15.5 |0.138+ 26.3+14.0 |28.4+16.3 0.320 -0.23 (-0.76, 0.30)
Left 20.7+10.1 24.7+14.8 |0.169% 264+11.6 |27.5£12.2 0.446 -0.21 (-0.75, 0.32)
Total work at 60°/s
Right 86.5+51.3 109.4+60.4 | 0.105 119.5+92.4 | 132.1+117.8 | 0.604t -0.22 (-0.75, 0.31)
Left 91.1+54.7 109.5+88.8 | 0.4461 132.7+£72.0 | 144.7+81.8 | 0.260 -0.42 (-0.95, 0.12)
Peak torque at 150°/s
Right 17.7+7.4 18.3+11.1 | 0.538% 21.0+8.6 19.6+£9.3 0.248 -0.13 (-0.66, 0.40)
Left 18.7+7.1 21.9+10.3 | 0.093+ 22.1+7.7 21.5+8.4 0.217+ 0.04 (-0.49, 0.57)
Total work at 150°/s
Right 192.1+108.8 | 212.8+164.3 | 1t 262.6+149.8 | 243.1+181.9 | 0.234% -0.17 (-0.70, 0.36)
Left 188.9+107.1 | 261.2+£203.3 | 0.136F 292.1+151.7 | 300.6+164.1 | 0.728 -0.22 (-0.75, 0.31)

Table 3. Comparison of physical function and isokinetic strength before and 3 months after surgery stratified
by phase Angle. *P<.05, **P<.01, ***P<.001, 1 denotes Wilcoxon signed-rank test,  The effect size was
calculated for the between-group comparison using follow-up measurements. PhA, phase angle.

to determine whether patients with a low PhA have slower recovery or limited final function, our findings
suggest that these patients have increased vulnerability for at least 3 months after surgery.

A low PhA was an independent predictor of poor physical function following TKA after adjusting for
preoperative physical performance. Numerous factors, including pain, knee extension muscle strength, and
comorbidities, have been suggested to affect the physical performance of patients with knee OA*!. Our results
are in line with those of previous studies and also showed that a low PhA itself should be considered as an
influential factor, even though the PhA and other factors seem to have a bidirectional effect. In addition, there
was no significant difference in pain intensity between the low and high PhA groups before and after surgery,
which was previously identified as the main factor impeding physical function®!. This potentially indicates
that pain and PhA are not related, or it might be due to the characteristics of our study population, who had
moderate-to-severe pain and were awaiting surgery.

Our multivariable analysis revealed that a lower peak flexion torque at 60°/s on the asymptomatic side was
an independent predictor of poor physical function after TKA. Although the quadriceps muscle is a major
determinant of physical function?? the hamstring is also important as an antagonist to the quadriceps?*. Altered
muscle activation patterns, such as increased hamstring activity and reduced quadricep muscle fiber recruitment,
have been described in patients with knee OA*+*5. A low peak flexion torque may reflect a decline in hamstring
activity, potentially reducing knee stability*°.

This study has some limitations. First, selection bias may exist because the study included patients who
desired surgical treatment. Second, we did not address all pre-, intra-, and postoperative factors that might affect
postoperative physical performance. Third, the low follow-up rate could have led to a survival bias; patients who
successfully experience functional recovery may not return for follow-up visits. The pre—post comparison might
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Univariable Multivariable
Standardized Beta Standardized Beta
coefficient 95% CI P coeflicient 95% CI P % explained variance
10MWT
Low PhA -0.476 -0.570,-0.381 | <0.001*** | -0.215 -0.291, -0.140 | 0.020* 5.89
Baseline I0MWT 0.684 0.515,0.853 <0.001*** | 0.404 0.219, 0.588 <0.001** | 16.21
Age -0.395 -0.402, -0.388 | <0.001**
Male, compared 0228 0.074,0.383 | 0.072
to Female
BMI 0.027 0.012, 0.042 0.834
Peak extension torque at
60°/s on the right/ 0.357 0.355, 0.360 0.004**
symptomatic side
Peak extension torque at
60°/s on the left/ 0.395 0.392,0.397 0.001**
asymptomatic side
Peak flexion torque at
60°/s on the right/ 0.505 0.501, 0.508 <0.001***
symptomatic side
Peak flexion torque
at 60°/s on the left/ 0.517 0.513, 0.520 <0.001*** | 0.258 0.256, 0.261 0.007** 8.13
asymptomatic side
Baseline numeric -0.214 -0.251,-0178 | 0.092
pain score
KL grade -0.203 -0.297,-0.108 | 0.111
Low handgrip strength -0.257 -0.370,-0.143 | 0.042*
Low SMI -0.193 -0.318,-0.068 | 0.130
CClI total score -0.402 -0.450, -0.353 | 0.001** -0.260 -0.295, -0.226 | 0.003** 9.81
Bilateral involvement -0.110 -0.210, -0.011 | 0.390
Log-transformed TUGT
Low PhA 0.488 0.386, 0.590 <0.001*** | 0.218 0.140, 0.296 0.013* 6.56
Baseline Log—transformed TUGT | 0.680 0.528, 0.831 <0.001*** | 0.288 0.113,0.462 0.010* 7.06
Age 0.487 0.479, 0.494 <0.001*** | 0.202 0.195,0.210 0.075 3.31
Male, compared to Female -0.287 -0.453,-0.122 | 0.022*
BMI 0.103 0.087,0.119 0.421 0.264 0.253,0.275 0.004** 9.32
Peak extension torque
at 60°/s on the right/ -0.366 -0.369,-0.364 | 0.003**
symptomatic side
Peak extension torque
at 60°/s on the left/ -0.387 -0.389, -0.384 | 0.002**
asymptomatic side
Peak flexion torque
at 60°/s on the right/ -0.558 -0.562, -0.554 | <0.001***
symptomatic side
Peak flexion torque
at 60°/s on the left/ -0.564 -0.567, -0.560 | <0.001*** | -0.301 -0.305, -0.298 | 0.002** 10.29
asymptomatic side
Baseline numeric 0.282 0.243,0321 | 0.025*
pain score
KL grade 0.187 0.084, 0.291 0.141
Low handgrip 0.292 0.170,0.414 | 0.020*
strength
Low SMI 0.104 -0.033,0.242 | 0.417
CCI total score 0.344 0.291, 0.398 0.006** 0.216 0.180, 0.252 0.010* 7.17
Bilateral involvement 0.067 -0.041,0.176 | 0.601

Table 4. Univariable and multivariable linear regression analysis of postoperative IOMWT and Log-
transformed TUGT. I0MWT, 10 m Walk test; BMI, body mass index; KL, Kellgren Lawrence; PhA, phase
angle; CCI, Charlson Comorbidity Index; TUGT, timed up and go test; SMI, skeletal muscle index.

have underrepresented these patients. However, our sample size (n=63) provided adequate statistical power to
detect significant differences between the low and high PhA groups. In addition, the follow-up rate of the low
(32%) and high PhA groups (26%) showed no significant difference (X* = 0.816, df=1, P=.37), suggesting that
the PhA did not influence the drop-out rate. Future studies should consider strategies to improve follow-up rates
and minimize potential survival bias. Fourth, we did not assess long-term functional recovery. However, it has
been reported that the greatest recovery occurs in the first 3 months, with no or minimal increment after that®.
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We believe that our findings may reflect long-term prognosis and will be helpful in establishing patients’ care
plan. Fifth, the single-center design may limit the generalizability of the findings to other populations or clinical
settings. Although the PhA alone may not fully predict the development of knee OA, requirement for TKA,
or postoperative function, our findings support its potential clinical utility in preoperative risk stratification.
Further studies are needed to examine the prognostic value of PhA across various clinical settings, explore its
long-term effects, identify modifiable factors associated with the PhA, and develop targeted interventions to
mitigate the risks associated with a low PhA.

In conclusion, patients with knee OA with a low PhA exhibited decreased muscle strength and physical
function compared with that of those with a high PhA. A low PhA is an independent risk factor for poor physical
performance after TKA. Measuring PhA using BIA might be helpful in predicting postoperative outcomes in
this population, although physical performance and strength cannot be measured because of severe pain and
gait disturbances.

Data availability
The datasets generated during and/or analysed during the current study are not openly available to protect study
participant privacy and are available from the corresponding author upon reasonable request.
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