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INTRODUCTION 

Osteoarthritis (OA) is a chronic and progressive 

degenerative joint pathology that generates significant 

disability and considerable socioeconomic costs.1 

The prevalence of osteoarthritis in Mexico is 10.5% (95% 

CI 10.1 to 10.9), it is more frequent in women (11.7%) than 

in men (8.7%), although it varies greatly in the different 

regions of the country.2 In 2021, the incidence rate of 

obesity in the state of Yucatan was 476.02 cases per 

hundred thousand inhabitants (State Government of 

Yucatan - October 2022), ranking among the highest in the 

country.3 

Overgaard, Wang and Bourne found an increased risk of 

knee OA in overweight and obese patients. In addition, 

obese patients have an increased likelihood of requiring a 

total knee arthroplasty (TKA).4-6 Overgaard et al reported 

that compared with normal-weight individuals, the relative 

risk of requiring a TKA was 2.7 (95% CI: 2.5-3.0) higher 

in overweight individuals and 7.3 (6.7-8.0) higher in obese 

individuals aged 45-64 years old. Zheng et al found that 
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with a 5 kg/m2 increase in body mass the risk of knee OA 

increases by 35%.7 

Daigle et.al and Wall et al. reported that TKA is a reliable 

and cost-effective surgical procedure, which is commonly 

used to treat end-stage knee osteoarthritis.8,9 The main 

objective of this surgery is to improve the quality of life of 

patients by relieving pain and improving the functionality 

of the joint.10,11 

The relationship between body mass index (BMI) and 

functional outcomes after a TKA has been studied in the 

literature; however, there is still controversy about its 

long-term influence.12-14 In relationship to knee OA, the 

Western Ontario and McMaster Universities arthritis index 

(WOMAC) scale is used to assess pain, stiffness, 

functional status and associated activities.15  

Maniar et al conducted a study about the influence of BMI 

on functional outcomes in postoperative TKA patients 

with obesity, they found that late function was lower in 

patients with a higher BMI.15 On the other hand, Baghbani-

Naghadehi et al found that, 12 months after a TKA, there 

was no significant difference in function between the 

different BMI groups.13 Araujo et al in their study 

comparing WOMAC with different patient variables 

showed that obese and non-obese individuals benefit from 

TKA with no functional differences after the 

intervention.16 Giesinger et al evaluated WOMAC in 

postoperative TKA patients and their results suggest that 

obese patients may achieve the greatest benefits from a 

TKA in terms of function and pain relief one year after 

surgery.17 

The aim of this study is to investigate the influence of BMI 

on functional outcomes as measured by the WOMAC in 

Mexican population undergoing short-term TKA. The 

results of this study are expected to provide valuable 

information on the importance of BMI on functional 

outcomes after a TKA. 

METHODS 

A sample of patients, who had undergone TKA during a 

period of 12 years (between January 2010 and November 

2022) was analyzed. The patients were operated in the 

Orthopeaedics Hospital of the Mexican Red Cross in 

Merida, Mexico; by three different orthopedic surgeons, 

with high specialty in joint surgery with more than 10 

years of experience. The TKAs were performed by medial 

parapatellar approach, using the following prostheses 

(Vanguard - Biomet, Anthem and Genesis II – Smith 

and Nephew, Rolflex - Evolutis). All patients received 

subarachnoid block.  

The inclusion criteria for this study were: patients over 18 

years old, undergoing primary total knee arthroplasty, 

diagnosis of osteoarthritis and those with complete 

records. Patients with a diagnosis of pre- or post-surgical 

infection, history of rheumatic disease, history of fracture 

in the knee submitted to the procedure, unicompartmental 

prosthesis, prosthesis with cruciate retention, use of 

revision or constrained components during the procedure 

and trans-surgical complications such as fracture or 

ligament injury were excluded. 

 

Figure 1: Patient selection. 

Patients' body mass index (BMI) was calculated and they 
were divided into 3 groups, according to World Health 

Organization (WHO) classification: normal (BMI≤24.99 
kg/m2), overweight (25≤BMI≤29.99 kg/m2), obese 
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(BMI≥30 kg/m2). Patients with BMI below 18.5 kg/m2 
were included in the first group. 

Functional outcomes were assessed using the WOMAC 
rating scale and compared according to patients' BMI. The 
WOMAC index, developed by Bellamy et al uses a 5-point 
Likert scale (0=not at all, 1=mild, 2=moderate, 3=severe, 
4=extreme) and contains 24 items covering three 
dimensions: pain (5 items), stiffness (2 items) and function 
(17 items). A total score combining all three dimensions 
was used. Scores range from 0 to 20 for pain, 0 to 8 for 
stiffness, 0 to 68 for physical function, and 0 to 96 for the 
total aggregate score.18 

The results are interpreted as follows: score 0 to 30: high 
quality of life; score 31 to 60: fair quality of life; and, score 
61-96: low quality of life. Pre-surgical WOMAC, follow-
up 1 (one month after surgery), follow-up 2 (3 months after 
surgery) and follow-up 3 (12 months after surgery) were 
measured. 

The mean and standard deviation for continuous variables 
and frequencies for categorical variables were analyzed 
and calculated means difference with analysis of variance 
(ANOVA). The change in WOMAC and its change in 
relation to time and BMI were assessed. 

A total of 418 patients who underwent total knee 
arthroplasty were registered, of which 126 patients were 
excluded. Of the excluded patients: 32 patients had 
incomplete records, 15 patients had trans-surgical 
complications, 24 patients were fitted with a prosthesis 
other than a primary post-stabilized prosthesis, 38 patients 
had a diagnosis other than osteoarthrosis and 24 patients 
were lost to follow-up. 

RESULTS 

During the period from June 2010 to November 2022, 285 
patients underwent total knee arthroplasty with a mean 
follow-up of 5.9±3.7 years. The mean age was 72±9.5 
years. Of which 213 were female (75%) and 72 were male 
(25%) (Table 1). 

Regarding body mass index, a total of 26 patients were 
found with normal BMI, 70 patients with overweight, 189 

patients with obesity. The descriptive analysis of the 
WOMAC showed a mean pre-surgical total WOMAC of 
46, total WOMAC at one month after surgery of 27.6, total 
WOMAC at 3 months after surgery of 20.9 and at one year 
after surgery the mean WOMAC was 10.1 (Table 1). 

The mean difference between pre-surgical WOMAC and 
WOMAC at first follow-up according to each BMI group 
was divided as follows: normal 10.9 (p=0.195), 
overweight 15.7 (p≤0.001) and obese 20.6 (p≤0.001). The 
mean difference amid the WOMAC at first follow-up and 
the WOMAC at second follow-up was: normal 6.94 
(p=0.078), overweight 6.390 (p≤0.001) and obese 6.815 
(p≤0.001). Finally, the mean difference between the 
WOMAC at second follow-up and the WOMAC at third 
follow-up was: normal 9.61 (p=0.008), overweight 11.878 
(p≤0.001) and obese 10.546 (p≤0.001). 

 

Figure 2: Adjusted mean WOMAC scores by BMI 

group and time (baseline [preoperative] and 1, 3, 12 

months). 
Each line represents a BMI group: blue - normal weight (BMI of 
<25 kg/m2), gray - overweight (BMI of 25 to 29.9 kg/m2), yellow 
- obese (BMI of ≥30 kg/m2) 

When comparisons were made amongst the different BMI 
groups, the only statistically significant difference was 
found in the mean difference between the pre-surgical 
WOMAC and the WOMAC of the first follow-up of the 
obesity group in contrast to the other two BMI groups. 
After one year of follow-up, the results were homogenized 
among the three groups (Figure 2).   

Table 1: Demographics of patients having osteoarthritis treated with total knee arthroplasty, stratified according 

their body mass index. 

Demographics All patients  Norma-l BMI Overweight Obese 

Total number 285 26 70 189 

Age (years) 72±9.5 74±11 74±11.41 71±10.23 

Gender     

Male 72 9 24 39 

Female 213 17 46 150 

WOMAC    

Pre-surgical 46±14.89 38±13.67 44±14.42 47.42±14.79 

1 month 27.6±10.35 27±9.27 27±11.61  25±10 

3 months 20.9±12.1 19.1±13.5 21.4±12 19.6±11.8 

1 year 10.1±6.86 10.5±6.2 9.5±6.4 9.4±1 
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DISCUSSION 

Regarding the relationship between BMI and functional 
outcomes after a TKA, Wang et al performed a meta-
analysis of 20 studies comparing the functional outcomes 
of 35,897 patients divided according to their BMI, in 
which all groups had significant improvement in their 
functional scale after surgery; however, the obese and 
morbidly obese group had a higher percentage of 
improvement (pre-surgical versus post-surgical) than the 
normal BMI group.19 Similarly, in our study, all groups 
had a significant improvement in WOMAC, especially the 
obese group (post-surgical WOMAC compared to pre-
surgical WOMAC). On the other hand, Baum et al 
performed a prospective single-center cohort study to 
investigate function in postoperative TKA patients, in 
which all patients had the same rate of improvement 
regardless of BMI.20 This is partially similar to the results 
found in our patients, where: they had the same rate of 
improvement regardless of BMI at 1-year follow-up; 
however, at 1-month follow-up the percentage of 
improvement in the obese group was higher than in the 

other groups. 

Maniar et al conducted a study about the influence of BMI 
on functional outcomes in postoperative TKA patients 
with obesity. They reviewed the records of 919 knees (885 
patients). The results of the study showed that class I obese 
(BMI, 30 to 35 kg/m2) had comparable early and late knee 
function to non-obese after TKA, while class II obese 
(BMI, 35 to 40 kg/m2) had comparable early function, but 
reduced late knee function compared to non-obese 
patients.15 However, in our study, late function in patients 
with obesity was found to be comparable to non-obese 
patients. Giesinger et al made a retrospective analysis of 
1565 patients who underwent TKA and evaluated their 
change in WOMAC scores between preoperative and 12-
month follow-up amongst the different BMI groups.17 
They found that patients with class I-II obesity showed 
larger improvement on the WOMAC function and total 
score at one-year follow-up. In our study, the results at 
one-year follow-up showed to be uniform between the 

different BMI groups.  

Collins et al. made a prospective study following 445 
primary TKA at 6 and 18 months, and 3, 6 and 9 years. 
They found that patients with higher BMI had greater 
improvement (p<0.001) in pain and function on the 
comparative pre-surgical WOMAC measurement vs post-
surgical at 3-month follow-up compared to the lower BMI 
groups; however, all groups had similar levels of pain and 
function at 24 months.21 This behavior of the results was 
similar in our study given that from the second follow-up 
all three BMI groups remain at similar levels of 
improvement with no significant differences amongst 
groups. Baghbani-Naghadehi et al conducted a study of 
15,151 patients undergoing 12-month postoperative 
follow-up for TKA. As in our study, their results indicate 
that at the end of the 12-month follow-up, all patients, 
regardless of their BMI, had improved in their functional 
scale and quality of life, and the magnitude of 

improvement was similar in all BMI groups.13 Similarly, 
in the study conducted by Araujo et al analyzed 58 patients 
comparing different variables (age, gender, BMI and the 
type of angular deformity of the knee) to their WOMAC 
scores and observed that obese individuals benefit from 
TKA with no functional differences after the intervention 
compared to non-obese patients.16 Kerkhoffs et al in their 
prospective 10-year follow-up study found that BMI had 
no significant impact on functional outcomes after TKA.22 
This could not be corroborated in the present study given 
the 12-month follow-up. Among the limitations of the 
study, we can state that it is a case series with a small 
number of participants in the normal BMI group, probably 
because it is a region of the country with a high rate of 
obesity, which resulted in the group of patients with 
obesity being disproportionately larger compared to the 
other groups. The follow-up of the patients is limited to 
one year; it is necessary to follow the series for a longer 

period of time.  

Some authors mention that the analysis of categorical data 
should be done under the Rasch model; however, in this 
study the conventional WOMAC scale was used to 
evaluate the functional improvement of the patients.23 Data 
on complications in postoperative TKA patients according 
to BMI are needed to adequately assess the risk-benefit of 
TKA in patients with obesity. 

CONCLUSION 

In our population with obesity who underwent 
postoperative post-stabilized cemented total knee 
arthroplasty showed greater functional improvement one 
month after surgery compared to the improvement in 
WOMAC of overweight or normal BMI patients. 
Subsequently, it was observed that at the end of the 12-
month follow-up all patients, regardless of BMI, had 
improved functional outcomes, and the magnitude of 
improvement was similar in all BMI groups. It would be 
advisable to increase the follow-up period in further 
investigations to improve the assessment of the functional 
outcomes in TKA patients with an increased BMI. 
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