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INTRODUCTION 

Obesity is considered as a chronic metabolic disease that 

is characterized by excessive accretion of adipose tissue. 

It is caused by a variety of individual and environmental 

factors, but the main cause is considered to be an 

imbalance between the energy acquired with food and its 

expenditure. The frequency of knee osteoarthritis 

continues to accelerate, likely because of the aging of the 

population and the increasing proliferation of the primary 

risk factor, obesity. It is defined in the model by a BMI of 

30 kg/m2 or greater. Functional limitations and persistent 

pain among persons with symptomatic knee osteoarthritis 

leads to decrease in quality of life.1-5 

In a population of people over 60 years of age changes in 

the physiology, physical activity and the accompanying 

diseases are responsible for the development of excessive 
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body weight, leading to overweight and obesity in this 

age group. There are various causes of impairment of 

psychophysical fitness and limitation of the independency 

of the elderly, thus contributing to a reduced quality of 

their lives. Obesity predisposes also to diseases such as 

diabetes, hypertension and diseases of the osteoarticular 

system, including gonarthritis.6-9 

Progressive osteoarthritis of the knee (gonarthritis) with 

increased pain, deformities and limitation of mobility is 

the main cause of knee replacement. Significant 

correlation between obesity and the speed of 

development of gonarthritis causes that among many 

people qualified for the surgery BMI exceeds the 

appropriate value. Total knee replacement is the most 

effective osteoarthritis treatment for reducing functional 

limitations, typically resulting in marked quality-of-life 

improvements that reach preosteoarthritis levels.10-13 

Currently, most of the patients who decide to have knee 

replacement surgery are in the overweight group. One 

third of patients were obese, half of whom have obesity 

Grade III. At such a large scale, weight should be 

considered as a factor that may affect the return to 

postoperative physical fitness. According to the World 

Health Organization, more than one billion are 

overweight and of these, 300 million are obese. There is a 

significant positive association between musculoskeletal 

disorders and the level of obesity.13-16 

Prospective data from the Framingham population 

demonstrated that obesity predates the development of 

knee Osteoarthritis and that obesity is an independent risk 

factor for incident radiographic osteoarthritis. The strong 

association between high BMI and knee osteoarthritis 

was confirmed in another twin study and this association 

was found not likely to be mediated by shared genetic 

factors. Obese patients with knee osteoarthritis have more 

joint space narrowing in the medial and lateral tibio-

femoral compartments than among non-obese patients.17-

20 

A total knee replacement is the most effective treatment 

for patients with severe knee Osteoarthritis. Previous 

studies have demonstrated that early rehabilitation 

following TKR surgery can improve functional mobility, 

including walking and stair climbing, regardless of the 

training protocols used. However, obesity is associated 

with limited recovery in functional activities within a 

short-term follow up period, and whether BMI influences 

early mobility outcomes following post-TKR 

rehabilitation remains unclear. Vincent reported that 

obesity was associated with poor early-discharge 

outcomes following inpatient post-TKR rehabilitation.21-

25 

Crosbie et al reported that patients with a lower BMI 

demonstrated improved short-term functional outcomes 

following post-TKR rehabilitation, but no BMI-related 

difference in walking ability was observed. However, 

Robbins et al observed that a self-reported preoperative 

exercise intervention improved postoperative functional 

mobility in obese patients undergoing TKR surgery. 

Identifying the role of BMI in post-TKR rehabilitation 

might facilitate the optimization of treatment and identify 

patients at risk of poor rehabilitation outcome.26-28 

Therefore, the main aim of the present study was to 

assess the functional mobility and body mass index 

among patients with total knee replacement. 

METHODS 

This study was a retrospective study which was 

conducted among 125 patients. They were categorized as 

normal weight (n=25), overweight (n=25), class I obese 

(n=25), or class II obese (n=25), class III obese (n=25). 

Patients were retrospectively followed up for 6 months 

after undergoing TKR followed by 2 months of active 

rehabilitation. The study was conducted in Department of 

Orthopaedics, GITAM Institute of Medical Sciences and 

Research Hospital, Visakhapatnam from July 2016 to 

June 2017. The characteristics of patients included age, 

height, weight, sex, leg undergoing TKR, the Kellgren/ 

Lawrence (K/L) grade of the non-TKR leg, and the 

cumulative illness rating scale (CIRS) score, which 

assesses the comorbidity status of elderly persons. The 

age of the patient who had undergone total knee 

replacement ranged from 35-80 years. Each patient’s 

BMI was calculated using the formula (kg/m2). The BMI 

values used in the present study was BMI values of 18.5–

23.9 kg/m2, 24.0–26.9 kg/m2, 27.0–29.9 kg/m2, 30–34.9 

kg/m2, and >35 kg/m2 to define normal weight, 

overweight, class I obesity, class II obesity, and class III 

obesity, respectively (Figure 1). 

Patients who had uncontrolled hypertension, diabetes, 

neurologically impaired motor function of the lower 

extremities or had undergone a revision total knee 

replacement were excluded from this study. Each patient 

underwent a tricompartmental cemented total knee 

replacement with a posterior stabilized prosthesis 

STRYKER Scorpio and MAXX Destiknee using a 

minimally invasive surgical technique. Every patient 

received standardized perioperative care and 

postoperative physiotherapy until the time of discharge.  

The ten-meter walk test (TMWT) measures the time 

required for a patient to walk 10 meters on a level plane 

as quickly as possible at a self-determined speed. It has 

an acceptable reliability and validity, with an ICC of 

0.98. The timed up and go (TUG) test has been shown to 

be reliable measure of mobility, with an ICC of 0.98. The 

TUG test measures the time required for an individual to 

rise from a chair (height 42 cm, depth 26 cm), walk 3 

meters at a self-determined speed, turn around, walk back 

to the chair, and sit down. If necessary, our patients used 

a walking aid during the TUG test.  

The timed chair rise test (CRT) measures the time 

required for an individual to transition from a sitting 
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position to a standing position. During the timed CRT, 

subjects sit in a standard height chair (43 cm) with their 

bare feet on the floor and their hands on their hips. The 

ICCs for the reliability, content and concurrent validity 

for the timed CRT ranges from 0.97 to 0.99. 

 

Figure 1: Flow diagram based on patient selection, group assignment, and follow-up intervals. 
(TKR=total knee replacement, BMI=body mass index). 

The stair climb test (SCT) measures the time required by 

the subjects to ascend and descend a 4-step staircase as 

rapidly as possible. The results of the SCT moderately 

correlate with muscle strength of the lower extremities in 

elderly persons with an ICC of 0.90. The Western 

Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC) is a questionnaire specifically developed for 

patients with osteoarthritis of the hip or knee.29 It consists 

of 3 domains containing 24 items that assess pain, 

stiffness and functional disability. Scores ranges from 0 

to 100 with 100 indicating the worst possible state. 

Statistical analysis  

The data was analysed using SPSS version 21. One-way 

and repeated measures ANOVA were used to analyse the 

continuous variables, and chi-square analysis was used 

for the categorical variables. The Kruskal-Wallis test was 

used for ordinal variables which do not followed a 

normal distribution. 

RESULTS 

Table 1 shows the distribution of demographic 

characteristics among study participants. The age among 

normal weight and overweight group was found to be 

72.4±5.2, 76.4±5.8 followed by 64.2±5.4 in class I obese, 

68.4±6.2 in Class II/III obese. The age of the patients 

differed significantly between the 4 groups with p value 

at 0.001. The difference between genders, CIRS score, 

TKR of right and left side and K/L grade was not found 

to significant. 
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Table 1: The distribution of various characteristics recorded among study subjects.  

Characteristics  
Normal weight 
(n=25) 

Overweight 
(n=25) 

Class I obese 
(n=25) 

Class II/III obese 
(n=25) each 

P value 

Age (years) (Mean±SD) 72.4±5.2 76.4±5.8 64.2±5.4 68.4±6.2 <0.001 

CIRS score (Mean±SD) 74.2±5.6 78.7±5.9 79.6±6.9 78.4±6.2 0.84 

Sex      

Male 12  13  13  12  
0.72 

Female 13  12 12  13  

TKR      

Right 10  14  11  13  
0.81 

Left 15  11  14  12  

K/L       

Grade I 15  5  11  12  

0.85 Grade II 6  10  6  7  

Grade III 4  10  8  6  
(BMI=Body mass index, CIRS=Cumulative illness rating scale; TKR=Total knee replacement). 

Table 2: Patient-reported pain and function outcomes at baseline, 2 months and 6 months based on Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC). 

Outcome measure Absolute score at baseline At 2 months At 6 months 

WOMAC function score    

Normal weight 78.2±6.2 42.4±3.6 34.2±2.4 

Overweight 72.4±5.8 40.6±3.8 32.6±2.1 

Class I obese 70.2±5.2 42.4±3.6 40.2±2.4 

Class II/ III obese 68.4±3.4 30.4±2.0 28.6±1.4 

WOMAC function score    

Normal weight 16.2±4.1 4.2±2.4 2.6±0.6 

Overweight 18.4±2.4 4.0±2.1 2.8±0.4 

Class I obese 16.6±4.2 3.4±1.6 2.0±0.8 

Class II/III obese 16.2±4.6 2.4±1.2 1.8±0.4 

WOMAC function score    

Normal weight 56.2±4.8 34.6±3.4 28.4±2.6 

Overweight 62.4±4.2 40.4±4.6 36.8±3.2 

Class I obese 52.8±4.4 38.2±3.1 28.6±2.6 

Class II/III obese 54.2±4.8 30.6±3.4 24.2±1.4 

Table 3: The distribution of balance and mobility outcomes at baseline, 2 months and at 6 months among study 
subjects. 

Outcome measure Absolute score at baseline At 2 months At 6 months 

FHR    

Normal weight 17.2±5.2 21.4±6.8 24.2±6.8 

Overweight 16.4±4.2 18.6±5.8 21.6±6.2 

Class I obese 14.2±2.4 16.2±4.6 18.2±4.2 

Class II/ III obese 14.4±2.2 18.8±5.1 20.4±5.6 

SLS    

Normal weight 11.2±3.1 14.2±3.6 18.4±4.6 

Overweight 11.8±3.4 14.8±3.8 18.6±4.4 

Class I obese 11.6±3.2 13.4±2.6 18.2±4.2 

Class II/III obese 11.2±2.1 12.4±2.8 13.8±3.8 

10-meter walk, seconds     

Normal weight  12.2±4.8 10.6±3.4 8.4±2.6 

Overweight 16.4±4.6 14.8±2.8 10.4±2.4 

Class I obese 14.8±5.2 12.2±4.1 10.6±2.6 

Class II/III obese 14.2±4.8 12.6±2.4 10.2±2.0 

Continued. 



Yelamarthi NGR et al. Int J Res Orthop. 2019 Jul;5(4):687-693 

                                               International Journal of Research in Orthopaedics | July-August 2019 | Vol 5 | Issue 4    Page 691 

Outcome measure Absolute score at baseline At 2 months At 6 months 

TUG, seconds    

Normal weight 11.2±3.1 8.2±3.6 6.4±4.6 

Overweight 11.0±3.8 10.8±3.4 9.6±2.8 

Class I obese 11.6±4.2 10.4±2.6 8.2±1.2 

Class II/III obese 11.2±3.1 10.4±2.6 10.8±2.8 

30, second TCRT    

Normal weight 6.2±4.8 8.6±3.4 7.4±2.6 

Overweight 7.4±1.6 10.8±2.8 8.8±3.4 

Class I obese 7.8±1.8 12.0±4.1 7.6±1.8 

Class II/III obese 7.2±4.8 13.6±2.4 9.2±2.6 

SCT, seconds    

Normal weight 16.4±4.6 14.8±3.8 12.8±2.4 

Overweight 15.8±6.4 13.2±5.6 8.6±3.8 

Class I obese 15.2±5.8 12.4±4.4 10.2±3.2 

Class II/III obese 11.8±3.4 14.8±5.8 12.6±4.2 

 

The outcomes of balance and mobility are shown in 

Table 2 which states that WOMAC total score among 4 

groups different significantly followed by WOMAC pain 

score and function score. There was improvement in the 

adjusted mean change for all of the WOMAC scores in 

all of the BMI groups at the 2 month and 6 month follow-

up assessments with p value at 0.001. 

It was found that same results were observed for the 

balance and mobility outcomes among all the 4 groups. 

The normal-weight group exhibited significantly greater 

improvements in the FRH and SLS test results at the 2 

month and 6 month follow-up assessments compared 

with the overweight with p=0.05, class I obese with p 

value at 0.01, and class II/III obese with p=0.001. It was 

found that there was no significant inter-group change in 

the mean of mobility outcomes or WOMAC scores at the 

2-month and 6-month follow-up assessments (Table 3). 

DISCUSSION 

Obesity is associated with poor short-term loco-motor 

outcome following a TKR. A study conducted by Naylor 

et al evaluated that mobility recovery occurs within 1 

year of post-TKR and also observed that obese patients 

walked more slowly during the 15- meter walk test and 

required more time to complete the TUG test compared 

with non-obese patients at 12 weeks and 26 weeks post-

TKR. In another study done by Stevens-Lapsley et al 

showed no significant association between BMI and 

postoperative functional performance during the sub-

acute (1 month and 3 month follow-ups) and intermediate 

(6 month follow-up) stages of recovery.30-32 

The present study showed that significant improvements 

occurred in the balance and mobility tasks and the 

WOMAC scores for all of the BMI groups at the 

completion of 2 months of post‐TKR outpatient 

rehabilitation. Similar results were observed at 6 months 

after TKR. Also, the patients in the overweight and obese 

groups exhibited significantly poor improvements in 

balance outcome measures, including in the FRH and 

SLS test, at the 2‐month follow-up assessment compared 

with those of the patients in the normal BMI group.  

It was found from the previous literature that high BMI 

was associated with reduced mobility in elderly persons. 

In a study conducted by Rolland et al it was found that 

obese community-dwelling elderly women experienced 

significantly greater difficulty while walking, climbing 

and descending stairs, and rising from a chair or bed in 

comparison to non-obese elderly women.33-35 

A study done by Hergenroeder et al reported that being 

overweight or obese was associated with physical 

limitations in elderly individuals. In addition, exercise 

interventions can reduce physical disability in overweight 

or obese patients with knee OA which indicated that 

rehabilitation can reduce the limiting effects of high BMI 

on mobility in overweight or obese patients with OA.36,37 

Performance-based tasks, such as the FRT, SLS test, 

TUG test, CRT, TMWT, and SCT, are used as measures 

to evaluate balance and mobility outcomes following 

post-TKR rehabilitation in the current study and the 

findings suggested that obesity had no negative impact on 

the post-TKR clinical outcomes following rehabilitation. 

It was seen in the present study that the recovery rate of 

mobility requiring postural stability following post-TKR 

rehabilitation was reduced in overweight and obese 

patients than in normal-weight patients as found from the 

findings of FRT and SLS test. This indicated that a higher 

BMI is associated with reduced postural control and 

balance after a TKR. 

In a study done by Nunez et al. where the author defined 

BMI categories as those with a BMI >35 (n=60) for 

severely obese and those with a BMI <35 (n=60) as the 

control group, observed similar significant improvement 

in both groups for the total WOMAC at 12 months after 

operation. In a study conducted by Stickles et al showed 



Yelamarthi NGR et al. Int J Res Orthop. 2019 Jul;5(4):687-693 

                                               International Journal of Research in Orthopaedics | July-August 2019 | Vol 5 | Issue 4    Page 692 

that there is no significant difference in change scores for 

WOMAC between their five BMI groups (BMI <25, 

n=146, BMI=25–30, n=304, BMI=30–35, n=271, 

BMI=35–40, n=149, and BMI >40, n=92) at a one year 

follow-up. In a separate rating of stair ascending and 

descending difficulty and satisfaction with surgery, the 

author concluded that despite finding greater difficulty 

with stairs, obese patients were as satisfied with the 

results of the surgery as other patients.38,39 

The results of the present study may not be generalizable 

to every setting. For instance, only patients with knee OA 

who underwent TKR surgery were included. It remains 

unclear whether the same results would be observed in 

patients with other pre-operative diagnoses, such as 

rheumatoid arthritis. Further studies are required with a 

long term follow-up period of 1 year to determine 

whether pain status or the use of a walking aid makes a 

significant intragroup contribution to changes in post- 

TKR outcomes following rehabilitation. 

CONCLUSION 

It can be concluded that TKR patients with a high BMI 

exhibited reduced improvement in mobility tasks 

requiring postural stability, such as the FRT and SLS test, 

compared with patients with a normal BMI. Thus, TKR 

patients with a high BMI might require additional 

balance-based exercises in their post-TKR rehabilitation 

protocols. 
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