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Abstract [Purpose] Improved quadriceps strength is a primary target of rehabilitation early after total knee 
arthroplasty. However, patients demonstrate varying improvement trends in gait function and quadriceps strength. 
This study evaluated the relationship between improvements in quadriceps strength and gait function. [Participants 
and Methods] The study included 49 patients who were scheduled to undergo unilateral total knee arthroplasty. Gait 
function, bilateral quadriceps strength, and pain were assessed in all patients. All assessments were performed pre-
operatively and at 2 and 3 weeks postoperatively. [Results] A significant correlation between gait function and the 
quadriceps strength on the operated side was observed preoperatively and 3 weeks postoperatively. The quadriceps 
strength on the non-operated side was significantly correlated with gait function at all time points. Multiple regres-
sion analysis showed that the quadriceps strength on the non-operated side was significantly associated with gait 
function, except the gait speed at 2 weeks. However, the quadriceps strength on the operated side was not observed 
to be an independent variable at all time points. [Conclusion] The quadriceps strength on the operated side is not an 
important determinant of gait function. It may be necessary to reconsider typical rehabilitation programs by focus-
ing on the quadriceps strength on the operated side in patients undergoing total knee arthroplasty.
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INTRODUCTION

Knee osteoarthritis (OA) is one of the most prevalent musculoskeletal disorders1) and causes of disability2). Total knee ar-
throplasty (TKA) is a frequently performed surgical intervention to treat end-stage knee OA. Although TKA reliably reduces 
pain3) and improves range of motion4) and self-reported physical function5, 6) in OA patients, deficits in muscle strength and 
impairments in gait function often persist for years after TKA7, 8).

The majority of improvement in gait function after TKA occurs within the first few weeks9, 10), and the degree of improve-
ment during the first few weeks postoperatively reflects gait function beyond 1 year7, 11). Therefore, it is important to improve 
gait function within the first few weeks after surgery. Various intervention methods focusing on the quadriceps, such as 
neuromuscular electrical stimulation7) and high-velocity training12), were examined, and improvement in gait function was 
recognized. These interventions are thought to be based on the premise that the relationship between gait function and quad-
riceps strength is strong. Indeed, previous studies showed that there was a significant association between gait limitations and 
decreases in quadriceps strength13, 14). However, in clinical settings, the gait function of many patients recovers to the normal 
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level, despite the fact that there is considerable reduction in quadriceps strength early after TKA. Conversely, some patients 
show reduced gait speed, even though the quadriceps strength is restored to the normal level. When we see such patients, we 
think that the above-named premise is faulty.

Since the recent advances in both implant design and surgical techniques have led to better performance15), the relation-
ship between quadriceps strength and gait function may have changed. Moreover, the trends in improvement of quadriceps 
strength and gait function may vary according to the patients’ characteristics. Therefore, in this study, we evaluated the 
relationship between improvements in quadriceps strength and gait function, as well as the improvement ratio of quadriceps 
strength and gait function at each time point early after TKA. If the relationships between gait function and quadriceps 
strength are different from those reported in previous studies, our results may be used to provide a more efficient rehabilita-
tion program early after TKA.

PARTICIPANTS AND METHODS

Forty-nine patients (mean age; 76.4 ± 5.8 years; height, 152.1 ± 6.5 cm; weight, 61.8 ± 11.5 kg) at Osaka General Medical 
Center were recruited for this prospective, observational study. All participants who were scheduled to undergo TKA because 
of knee OA were evaluated for their eligibility to be included in this study, according to the inclusion criteria. Cartilage lesions 
were evaluated on preoperative plain weight-bearing radiographs of the knee using the Kellgren-Lawrence (KL) grade16). 
The inclusion criteria were: 1) diagnosed knee OA; 2) unilateral TKA; 3) ability to walk 10 m or more independently, with 
or without a cane; and 4) the hospitalization period was between 18 and 24 days according to the clinical pathways at the 
medical center. Patients were excluded if they had uncontrolled hypertension or neurological or muscular diseases that would 
affect their performance during a gait function test. This study was approved by the ethics committee of Osaka General 
Medical Center (approval number: 23-0917). Written informed consent was obtained from all participants.

Three experienced surgeons performed all surgeries. The operations were performed with the use of an air tourniquet, 
which was inflated during draping and released after dressing. A standard medial parapatellar approach was used, and both 
the anterior and posterior cruciate ligaments were resected.

We evaluated gait function, muscle strength and pain at preoperatively and at 2 and 3 weeks postoperatively. We measured 
the usual gait speed and timed up and go (TUG) test for gait function. The usual gait speed was measured on an 8 m walkway 
in a rehabilitation room. The walkway had 1.5-m inactive sections at the beginning and end to allow for acceleration and de-
celeration. Patients were instructed to walk at their usual pace, and the time taken to walk the middle 5 m of the walkway was 
measured using a stopwatch. The gait speed was measured twice, and the better of the two gait speeds was used for analysis.

The TUG test was used as described by Podsiadlo and Richardson17). Briefly, the patients were asked to stand up from 
a chair, walk 3 m, cross a line, turn, walk back, and sit down again, at a comfortable pace. The time required to complete 
this task was measured using the stopwatch. A practice walk-through was given before the test. Each patient performed the 
test twice, and the better result was used for the analysis. A cane was provided during both gait function tests when physical 
therapists judged that it was necessary for safety.

Quadriceps strength was quantified bilaterally during isometric contractions using a hand-held dynamometer (Anima 
Corp., μ-Tas F-1, Tokyo, Japan). For the test, the patients sat on the edge of a bed with the knee in 90° flexion18), with their 
hands placed on the bed for stability. The patients were instructed to extend the knee maximally for 5 seconds. During the 
test, the tester encouraged the patients verbally. The muscle strength was measured twice, and the better result was used for 
further analyses. The raw force that was measured by the dynamometer, in Newtons, was normalized to each patient’s body 
weight, and this value was used as the quadriceps muscle strength.

The intensity of knee pain during gait speed test was measured with the visual analog pain scale (VAS)19). For pain 
intensity, the scale was anchored by “no pain” (score of 0 mm) and “worst possible pain” (score of 100 mm).

In the statistical analysis, Pearson’s correlation coefficients were used to assess the relationships between bilateral muscle 
strength and gait function at each time point: preoperatively and 2 and 3 weeks postoperatively. A multiple regression analysis 
with forced entry was conducted with gait function (gait speed and the TUG test) as the dependent variable and age, gender, 
body mass index (BMI), KL grade, and VAS as independent variables at each time point. All analyses were performed using 
SPSS Statistics, version 22 (SPSS Japan, Inc., Tokyo, Japan), and p-values <0.05 were considered significant.

RESULTS

The baseline characteristics of the patients are presented in Table 1. The changes in gait function (gait speed and TUG 
test) and bilateral quadriceps strength (for both the operated and non-operated sides) and the percent change (%) of the 
preoperative values of these parameters are provided in Table 2. Compared with preoperatively, at two weeks after surgery, 
the patients’ gait speeds decreased by 15.5%, and these patients took 24.5% longer to perform the TUG test. Their quadriceps 
strength was decreased by 54.1%. Three weeks after surgery, the patients still exhibited decreased gait speed (by 8.2%) and 
took 12.9% longer to perform the TUG test. Their quadriceps strength was decreased by 43.9%.

The change in the correlation coefficient between gait function (gait speed and TUG test) and bilateral quadriceps strength 
is shown in Table 3. Preoperatively and at 3 weeks after TKA, the quadriceps strength of the operated side was significantly 
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associated with gait speed (preoperatively: r=0.43 and 3 weeks postoperatively: r=0.31) and TUG (preoperatively: r=−0.41 
and 3 weeks postoperatively: r=−0.37). No significant relationship was found at 2 weeks after surgery. The quadriceps 
strength of the non-operated side was significantly and moderately correlated with gait speed (r=0.42 to 0.57) and the TUG 
test (r=−0.40 to −0.59) at all assessment time points.

Table 4 shows the results of the multiple regression analysis with gait speed as the dependent variable. Preoperatively, 
the VAS and quadriceps strength of the non-operated side were identified as significant factors that were associated with 
gait speed. At 2 weeks after surgery, the VAS was selected as a significant independent variable. At 3 weeks, the quadriceps 

Table 1.  Baseline characteristics of the patients (n=49)

Mean (SD) Range
Age (yrs) 76.4 (5.8) 64.0−88.0
Female n, (%) 39 (79.6%)
Height (cm) 152.1 (6.5) 138.5−172.0
Weight (kg) 61.8 (11.5) 43.3−89.6
BMI (kg/m2) 26.9 (3.5) 20.0−33.3
KL grades

Grade 1 n, (%) 1 (2.0%)
Grade 2 n, (%) 3 (6.1%)
Grade 3 n, (%) 23 (46.9%)
Grade 4 n, (%) 22 (44.9%)

SD: standard deviation; BMI: body mass index; KL: Kell-
gren-Lawrence scale.

Table 2.  Change in gait function and quadriceps strength over time

Mean (SD) Change [% (95%CI)]
Gait speed (m/sec) PRE 0.98 (0.22)

2w 0.82 (0.21) −15.5 (−19.8 to −11.2)
3w 0.89 (0.21) −8.2 (−12.4 to −3.9)

TUG (sec) PRE 11.5 (3.1)
2w 14.0 (3.3) 24.5 (18.7 to 30.3)
3w 12.7 (3.0) 12.9 (7.3 to 18.6)

Quadriceps strength of the operated side 
per weight (N/kg)

PRE 2.47 (1.00)
2w 1.03 (0.40) −54.1 (−59.5 to −48.7)
3w 1.24 (0.44) −43.9 (−50.5 to −37.2)

Quadriceps strength of the non-operated 
side per weight (N/kg)

PRE 2.85 (1.07)
2w 2.84 (0.93) 3.8 (−2.6 to 10.3)
3w 2.91 (0.90) 7.0 (0.4 to 13.7)

SD: standard deviation; CI: confidence interval; PRE: preoperatively; TUG: timed up and go test.

Table 3.  Change in correlation between gait function and quadriceps strengths

Quadriceps strength of  
the operated side per weight

Quadriceps strength of  
the non-operated side per weight

r r
Gait speed PRE 0.43* 0.56*

2 weeks 0.21 0.42*
3 weeks 0.31* 0.57*

TUG PRE −0.41* −0.59*
2 weeks −0.22 0.40
3 weeks −0.37* −0.57*

PRE: preoperatively; TUG: timed up and go test.
*p<0.05.
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strength of the non-operated side was independently associated with gait speed.
The results of the multiple regression analysis with the TUG test as the dependent variable are shown in Table 5. Preop-

eratively, the VAS and quadriceps strength of the non-operated side were independently associated with the TUG test. At 
2 weeks, the quadriceps strength of the non-operated side was identified as a significant independent variable. At 3 weeks 
after surgery, the quadriceps strength of the non-operated side and VAS were selected as independent variables.

DISCUSSION

The main aim of the present study was to investigate the importance of the recovery of the quadriceps strength of the 
operated leg in the improvement of gait function early after TKA. The results showed that although the association between 
the quadriceps strength of the operated side and gait function measures was significant at 3 weeks after TKA, the multiple 
regression analysis showed that the quadriceps strength of the operated side was not a significant independent variable of both 
gait function measures. Moreover, there was a large gap between the rate of decrease in gait function and rate of reduction 
in quadriceps strength at 3 weeks after surgery. To summarize these results, although the quadriceps strength of the operated 
side is little related to gait function, recovery of the quadriceps strength is not a major determinant of the improvement in gait 
function early after TKA. In addition, the results also showed that the trends in improvement of the quadriceps strength and 
gait function are quite different early after TKA.

Many previous studies have investigated the relationship between the quadriceps strength of the operated side and gait 
function measures13, 14, 20–23). The Pearson correlation coefficients (r) of gait speed and quadriceps strength were 0.51 at 4 
weeks13) and 0.68 at 3 to 12 months22) after surgery. The correlation coefficients of the TUG test and quadriceps strength 
were −0.32 at 4 weeks14), −0.59 at 3 months23), and −0.64 at 6 months14). Although the basic characteristics of the patients 
and measuring conditions were different in each study, there is no doubt that there is a low-to-moderate correlation between 
the quadriceps strength of the operated side and gait function measures in patients with TKA. The results of the present study 
can be regarded as consistent with those of previous studies.

However, the correlations of this study were lower than those in previous studies, and the quadriceps strength of the oper-

Table 4.  The results of the multiple regression analysis with gait speed as the dependent variable

Independent variable
PRE 2 weeks 3 weeks

Adjusted β Adjusted β Adjusted β
Age −0.16 −0.20 −0.20
Gender 0.06 −0.01 −0.02
BMI 0.05 −0.19 −0.06
KL 0.00 −0.07 −0.12
VAS −0.46* −0.37* −0.17
Quadriceps strength of the operated side 0.01 −0.01 0.10
Quadriceps strength of the non-operated side 0.41* 0.29 0.45*

adjusted R2=0.435 adjusted R2=0.280 adjusted R2=0.327
PRE: preoperatively; BMI: body mass index; KL: Kellgren-Lawrence scale; VAS: visual analog scale.
*p<0.05.

Table 5.  The results of the multiple regression analysis with the TUG as the dependent variable

Independent variable
PRE 2 weeks 3 weeks

Adjusted β Adjusted β Adjusted β
Age 0.09 0.20 0.20
Gender −0.06 −0.23 −0.06
BMI 0.02 0.11 0.09
KL 0.16 0.04 0.13
VAS 0.33* 0.19 0.32*
Quadriceps strength of the operated side 0.07 −0.12 −0.16
Quadriceps strength of the non-operated side −0.52* −0.34* −0.43*

adjusted R2=0.428 adjusted R2=0.208 adjusted R2=0.475
PRE: preoperatively; TUG: timed up and go test; BMI: body mass index; KL: Kellgren-Lawrence scale; VAS: visual 
analog scale.
*p<0.05.
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ated side was not associated with gait function in the multiple regression analysis at all time points. There are two possible 
explanations for these differences. First, there was a difference in the elapsed time after surgery. When considering previous 
studies from the viewpoint of the elapsed time, the correlations seemed to have increased with the passage of time. Because 
we observed patients within the first 3 weeks after TKA in this study, which is an earlier stage of recovery than that reported 
in previous studies, the correlation coefficient may have been lower. Secondly, the characteristics of the patients were dif-
ferent from those of patients in previous studies. The average age of the patients in this study was 76.4 years, and these 
patients were approximately 10 years older than those in previous studies. As the correlation between quadriceps strength 
and gait speed declines with increasing age24), age may have influenced the results. Furthermore, the average body weight 
of the patients in this study was 61.8 kg, which was more than 20 kg less than that of patients in previous studies13, 14). The 
BMI of the participants in this study was also smaller than that reported in other studies. BMI does not adversely impact gait 
function25) and recovery26) in patients with TKA. However, a higher BMI leads to slower recovery of quadriceps strength9). 
The difference in the number of obese people between this study and previous studies may have influenced the different 
correlations.

Concurrently, the quadriceps strength of the non-operated side showed a significant correlation with gait speed and the 
TUG test at almost all time points, and it was identified as a significant predictor of gait function preoperatively and at 3 
weeks postoperatively. The obtained results are similar to those of a previous study in which the gait function after TKA 
was more strongly related to the quadriceps strength of the non-operated side than that of the operated side27). Moreover, a 
longitudinal study showed that the quadriceps strength of the non-operated side early after TKA accounted for most of the 
gait function at 1 and 2 years after TKA28). Based on these facts, we believe that strength training of the non-operated side 
should be focused upon more in rehabilitation programs after TKA.

VAS score was identified as a significant determinant of gait speed preoperatively and 2 weeks postoperatively, and of 
TUG preoperatively and 3 weeks after surgery. Moreover, the degree of importance of the pain score may be different for 
gait speed and TUG. These results indicate that pain affects gait function and the effect of pain may change depending on 
the assigned task.

There are at least two potential limitations to the present study. First, this study was performed at a single hospital. 
Therefore, all patients underwent the same surgical technique and postoperative management and rehabilitation programs, 
which may have influenced the results. A multicenter trial is needed in the future. Second, our sample consisted of mostly 
female patients. Because gender differences were observed in terms of gait function in elderly people29), it is necessary to 
investigate patients based on gender in future research.

The findings of this study highlighted that the quadriceps strength of the operated side is not a good predictor of gait func-
tion in older and less obese patients early after TKA. This indicates that the quadriceps strength of the operated side does not 
play a crucial role in determining gait function early after TKA. Alternatively, as the quadriceps strength of the non-operated 
side has a good correlation with gait function, we emphasize the necessity of muscle strength training of the non-operated 
side. However, because the model of the multiple regression analysis could explain up to 48% of the gait measures in this 
study, there may be more important determinants of gait function after TKA. To provide effective rehabilitation programs 
after TKA, further studies will be needed to explore other determinants of gait function postoperatively.
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