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Abstract
Introduction: Otyłość uznawana jest za przewlekłą chorobę metaboliczną, którą charakteryzuje nadmierne 
gromadzenie tkanki tłuszczowej w organizmie. Ta patologia otłuszczenia predysponuje do wystąpienia wielu 
jednostek chorobowych w tym gonartrozy, która z kolei może stać się przyczyną zabiegu alloplastyki stawu 
kolanowego. Dlatego też celem niniejszych badań była ocena wpływu masy ciała na sprawność funkcjonalną 
pacjentów we wczesnym okresie usprawniania po zabiegu alloplastyki stawu kolanowego.
Materiał i metody: Grupa badana składała się z 35 pacjentów (9 mężczyzn i 26 kobiet) z zaawansowanymi 
zmianami zwyrodnieniowymi stawu kolanowego zakwalifikowanymi do zabiegu alloplastyki całkowitej. Pacjenci 
zostali przydzieleni do 1 z 3 grup w zależności od wskaźnika BMI. Do oceny stanu funkcjonalnego użyto: skali 
VAS, skali Lysholma, testu TUG oraz pomiaru zakresu ruchomości stawów kolanowych.
Wyniki: W pomiarze zakresu ruchomości grupa 1 i 2 uzyskała istotne statystycznie wyniki. Dla pomiaru bólu w 
skali VAS oraz oceny funkcjonalnej w skali Lysholma wszystkie 3 grupy uzyskały istotnie statystycznie różnice. 
W ocenie testu TUG jedynie grupa 3 otrzymała wyniki istotnie statystyczne.
Wnioski: Wysoki wskaźnik masy ciała nie wpływa negatywnie na odzyskiwanie sprawności funkcjonalnej po 
przebytej alloplastyce stawu kolanowego. W ocenie wybranych parametrów (ROM, TUG) osoby z BMI >35,00 
kg/m2 uzyskały lepsze wyniki niż osoby z niższym wskaźnikiem BMI.
Słowa kluczowe: endoprotezoplastyka stawu kolanowego, otyłość, wskaźnik masy ciała

Abstract
Introduction: Obesity is generally considered a chronic metabolic disease which is characterised by excessive 
accretion of adipose tissue. This pathology of fat accretion may lead to creation of pathological units, including 
gonarthrosis. The aim of the study was to evaluate the impact of body weight on functional performance in early 
stages of rehabilitation after knee replacement. 
Material and methods: The research material comprised 35 patients. The Group included 26 women and 9 men 
who suffer from advanced degenerative changes of knee joint and qualified for the knee replacement. The patients 
were assigned to one out of three Groups depending on body mass index. To assess the functional status the 
following tools were used: the VAS scale, 100-point Lysholm-Gillquist scale, the TUG test, and the measurement 
of the range of joint mobility. 
Results: Statistically significant results were achieved by first and second Group in joints mobility measurement. 
All the Groups revealed statistically meaningful differences in pain measurement with the use of VAS scale and 
100-point Lysholm-Gillquist scale. Only third Group proved statistically meaningful outcomes while TUG test 
was used in the assessment.
Conclusion: High body mass index does not have a negative impact on the re-establishment of functional ability 
after knee replacement. In the assessment of selected parameters (ROM, TUG), people who had BMI >35,00 kg/
m2 got better results than people who had lower BMI.
Keywords: Knee replacement, obesity, body mass index
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Exclusion criteria:

 - Post-operative complications (general and local).

 - Verbal-logical contact disruption.

 - Intraoperative decision to implant a knee endoprothesis 
other than the total one.

The research was conducted at orthopaedic wards of hospitals 
in Kraków, between January and May 2015. Each patient was 
assessed twice, the day before the scheduled surgery and 1.5 
months after it. 

Based on BMI each patient was assigned to one of three 
Groups. To Group 1 were allocated 16 patients, the average age in 
the Group was 69.4 ± 6.3, BMI was <30 kg/m2. Group 2 consisted 
of 10 patients whose average age was 70.1 ± 10.8 and BMI was 30-
34.99 kg/m2. In Group 3, there were 9 patients with an average age 
of 67.7 ± 5.9 and BMI within the range of >35 kg/m2. A detailed 
characteristic of the patients is shown in Table 1. 

Table 1. Anthropometric data of the research group.

Variable Group 1 Group 2 Group 3
BMI<30.00 kg/m2 BMI 30.00-34.99 kg/m2 BMI > 35.00 kg/m2

X ± SD
Age [yrs] 69.40 ± 6.30 70.10 ± 10.80 67.70 ± 5.90
Body Mass 
[kg]

74.40 ± 8.20 92.50 ± 9.30 96.70 ± 8.70

Body height 
[cm]

166.40 ± 7.90 167.90 ± 6.30 159.30 ± 7.30

The presented studies involved an assessment of the functional 
status of patients with the use of a 10-grade visual-analog scale 
(VAS) – evaluating pain level, the Timed Up and Go test (TUG) – 
enabling to measure the time it takes to walk a 3- meter distance, 
Lysholm scale – evaluating knee discomfort in a subjective way 
and the measurement of the range of knee flexion and extension– 
by means of a goniometer (error reading up to 5o) [9-11].

For statistical analysis Statistica 10 software was used. Mean 
(x) and standard deviation (SD) of the variables were calculated 
for all patients. 

Statistical analyzes were carried out using PQStat statistical 
package version 1.6.2.901. The results of the analyzed scales 
were compared with a two-way analysis of variance with 
repeated measurements (ANOVA). The probability of p < 0.05 
was considered significant and the probability of p < 0.01 was 
considered to be highly significant.

RESULTS

MEASUREMENT OF THE KNEE FLEXION 

The first assessed values in the research Groups were the results of 
measurements of the range of knee flexion, made before and after 
the surgery (Table 2a).

The analysis showed no statistically significant differences 
between measurements of the range of knee flexion prior to and after 
the procedure, depending on the BMI Group. There is, however, a 
slight tendency towards this direction (F = 2.69; p = 0.08). This 
means that the change in the level of flexion differed depending on 
the level of obesity. Statistically significant differences (p < 0.05) 
was obtained in the knee flexion measurement within the study 
group, depending on the timing of the measurement. There was a 
reduction knee flexion after surgery (Table 2b).

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. [1]

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 body weight, leading 
to overweight and obesity in this age group. Causing impairment 
of psychophysical fitness and limitation of the independency of 
the elderly, thus contributing to a reduced quality of their lives. [2] 
Obesity predisposes also to diseases such as diabetes, hypertension 
and diseases of the osteoarticular system, including gonarthritis [3].

Progressive osteoarthritis of the knee (gonarthritis) with 
increasing pain, deformities and limitation of mobility is the main 
cause of knee replacement. Significant correlation between obesity 
and the speed of development of gonarthisis causes that among 
many people qualified for the surgery BMI exceeds the appropriate 
value. 

Currently most of the patients who decide to have knee 
replacement surgery are in the overweight group. One third of 
patients are 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 [3-5].

Available scientific papers showing the relationship between 
the results achieved after knee replacement and obesity are 
ambiguous. In contrast, it is important to determine the level of 
BMI, at which a visible change in functional indicators after 
surgery can be determined. Most researchers have a BMI of 30 kg/
m2 as a benchmark. Current scientific studies assess the functional 
status of patients after knee arthroplasty based on objective 
measurement methods. Muscle strength, joint mobility, pain and 
mobility with standardized scales are assessed. In addition, the 
subjective perception of the patient after the treatment is evaluated. 
Depending on the purpose of the study, comparisons are made 
between groups of patients with normal body mass and obese 
patients. Literature review does not make it clear whether obesity is 
a factor that significantly affects the patient’s functional efficiency 
directly after the knee replacement surgery. Currently, the number 
of studies showing a negative impact and no differences in the 
above and below 30 kg/m2 groups is comparable [5-8]. 

The aim of the study was to assess the effect of body mass on the 
functional performance of patients in early stages of rehabilitation 
after total knee replacement.

MATERIAL AND METHODS
40 patients were qualified for the research Once all the criteria for 
inclusion in the study had been met, the research Group comprised 
35 patients (9 men and 26 women), with advanced degenerative 
changes qualified for knee replacement by an orthopaedist. 

Eligibility criteria were:

 - Qualification for knee arthroplasty due to diagnosed joint 
osteoarthritis. 

 - Ability to move independently before and after the surgery 
(without the aid of orthopaedic supports). 

 - Lack of injuries or diseases that would prevent the examination 
(e.g. acute injuries of the ligaments/meniscus, osteoarthritis of 
the hip).

 - A voluntary consent of the patient to participate in the study.

 - The patient did not take any medicines affecting coordination.
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Table 2. Knee flexion measurement.
Table 2a. Knee flexion before and after knee replacement in research groups.

Group Before After
x SD x SD

1 88.88 16.06 77.63 16.62
2 87.50 19.54 75.50 18.17
3 68.11 18.74 70.89 9.90

Table 2b. Analysis of the interaction between the knee flexion measurement 
before and after knee replacement, depending on the obesity level.

F p
Group 2.67 0.08
Term 6.00 0.02
Interaction 2.69 0.08

Before vs. after – measurement before and after knee replacement.

The analyses revealed that in the Group with the lowest and 
average obesity knee flexion decreased statistically significantly, 
whereas the difference in measurements taken before and after 
in the Group with the highest obesity did not reach the level of 
statistical significance. The analyses showed that the change in 
flexion in Group 1 was not statistically significantly different from 
the change in Group 2, that is to say, in both Groups joint flexion 
decreased to a similar extent. The level of change in flexion in 
Group 1 differed significantly from the level in Group 3, whereas 
in Group 2 this difference was at the limit of significance. This 
means that in the Group with the highest obesity the change in the 
range of joint flexion was different than in other two Groups and 
the flexion in the second measurement was slightly higher than in 
the first one (Fig. 1).

Fig. 1. Results of knee flexion measurement before and after surgery according to BMI 
group.

MEASUREMENT OF THE KNEE EXTENSION

Another values in the research Groups were the results of knee 
extension measurements taken before and after the surgery 
(Table 3a).

The analysis revealed no statistically significant differences 
between measurements of the range of knee extension before 
and after the surgery depending on the BMI Group. However, a 
tendency towards this direction can be observed (F = 1.20; p = 
0.31). This means that the change in the level of extension was 
different depending on the level of obesity. Highly statistically 
significant differences (p<0.01) were obtained in the measurement 
of the knee extension in the whole examined Group, depending on 
the timing of the measurement. There was an increase in the range 
of knee extension after the surgery (Table 3b).
Table 3. Knee extension measurements. 
Table 3a. Knee extension before and after knee replacement in research groups.

Group Before After
x SD x SD

1 2.50 3.16 0.75 1.65
2 4.00 4.59 1.00 3.16
3 1.67 2.50 0.56 1.67

Table 3b. Analysis of the interaction between the knee extension measurements 
before and after knee replacement depending on the obesity level.

F p
Group 0.72 0.05
Term 16.75 0.00
Interaction 1.20 0.31

The analyses disclosed that in the Group 2 knee extension 
decreased statistically significantly, while the difference in 
measurements taken prior to and after the surgery in the Group 1 
and 3 did not reach the level of statistical significance. The analyses 
showed that the difference in the level of changes in extension 
between particular Groups did not reach the level of statistical 
significance. This means that in all BMI Groups the level of 
extension decreased in a similar way (Fig. 2).

Fig. 2. Results of the knee extension measurement before and after surgery depending 
on the BMI group.

Results of the VAS scale

In all Groups there was a decrease in the results of the VAS scale 
after surgery, the largest level of this change concerned Group 3 
(Table 4a).

The analysis revealed no statistically significant difference 
between the results of the VAS scale before and after the surgery 
depending on the BMI Group (F = 0.58, p = 0.57). Highly 
statistically significant differences (p <0.01) in the pain level in 
the study group were recorded, depending on the timing of the 
treatment. The pain level was reduced after the surgery (Table 4b).

Table 4. VAS scale.
Table 4a. VAS scale results before and after knee replacement in research 
groups.

Group Before After
x SD x SD

1 6.38 1.15 2.69 2.18
2 6.70 2.06 3.80 2.82
3 7.78 1.56 4.00 2.65

Table 4b. Analysis of the interaction between the VAS scale measurements 
before and after knee replacement, depending on the obesity level.

F p
Group 1.68 0.20
Term 93.85 <0.0001
Interaction 0.58 0.57

The analyses showed that in each BMI Group the level of VAS 
decreased statistically significantly. The analyses indicated that 
the difference in the level of changes in the VAS scale between 
the Groups did not reach the level of statistical significance. This 
means that this change was similar in all Groups (Fig 3). 
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Fig. 3. Results of VAS scale before and after surgery according to BMI group.

RESULTS OF THE LYSHOLM SCALE
The analysis of the Lysholm scale results showed that the greatest 
performance after the surgery based on the score was recorded 
in Group 1. The largest level of change in score before and after 
surgery was noted in Group 3 (Table 5a).

The analysis did not show any statistically significant differences 
between the results of the Lysholm scale obtained before and after 
the surgery depending on the BMI Group (F = 0.36, p = 0.70). 
Highly statistically significant differences (p <0.01) in Lysholm 
scales were found throughout the study group, depending on the 
timing of the measurement. The scores were definitely higher after 
surgery (Table 5b).

Table 5. Lysholm scale.
Table 5a. Lysholm scale results before and after knee replacement in research 
groups.

Group
Before After

x SD x SD
1 56.31 17.58 74.75 12.12
2 56.80 11.48 73.80 7.95
3 49.89 16.17 73.11 10.14

Table 5b. Analysis of the interaction between the Lysholm scale measurement 
before and after knee replacement, depending on the obesity level

F p
Group 0.48 0.63
Term 44.57 <0.0001
Interaction 0.36 0.70

The statistical analysis showed that the difference in the level 
of change in knee function measurement taken with the Lysholm 
scale in the Groups did not reach the level of statistical significance. 
This means that this change was similar in all Groups. The 
analyses revealed that in Group 1 and 3 the level of knee function 
measurement conducted by means of the Lysholm scale increased 
statistically significantly (Fig. 4). 

Fig 4. Results of Lysholm scale before and after surgery according to BMI group.

RESULTS OF THE TUG TEST

On the basis of the analysis of the arithmetic mean (x), in all Groups 
was noted a reduction in the time required to perform the TUG 
test after surgery, while the largest degree of this change concerned 
Group 3 (Table 6a.).

The analysis showed no statistically significant difference 
between the results of the TUG test before and after the surgery 
depending on the BMI Group (F = 1.95, p = 0.16). Significant 
differences (p <0.05) in TUG test measurement across the study 
group were obtained, depending on the timing of the measurement. 
After the surgery, the time needed to complete the test was reduced 
(Table 6b).

Table 6. TUG test.

Table 6a. TUG test results before and after knee replacement in research 
groups.

Group Before After
x SD x SD

1 14.56 8.23 13.81 6.16
2 14.70 7.39 14.30 7.76
3 19.44 9.98 15.56 6.54

Table 6b. Analysis of the interaction between the TUG test measurement 
before and after knee replacement, depending on the obesity level

F p
Group 0.64 0.54
Term 5.00 0.03
Interaction 1.95 0.16

The analyses showed that the difference in the level of change 
in the TUG test between the Groups did not reach the level of 
statistical significance. However, in the case of comparisons of 
Group 3 there is a clear tendency to a bigger change in the outcome 
of the TUG test than in Groups 1 and 2. This means that the decrease 
in the value of the TUG test was most visible in Group 3 and the 
lack of significance of these differences is probably related to a 
small size of Group 3 (Fig. 5).

Fig 5. Results of TUG test before and after surgery according to BMI group.

DISCUSSION
According to current standards adopted by the WHO, obesity 
applies to people whose BMI is ≥30 kg/m2. Authors of numerous 
papers draw attention to the relationship between obesity and the 
development of knee osteoarthritis, where there is an increased 
axial load on the joint, consequently leading to its damage. Such 
changes are treated by joint arthroplasty. [12,13]

Some researchers emphasize the need to inform obese patients 
of the possibility of obtaining worse results after surgery compared 
to people with normal level of adiposity [12-14]. In their studies, 
Stevens-Lapsley et al. highlight the opinion of orthopaedists who 
have a similar attitude [15-18]. Lui et al. and Naylor et al. refer to 
specific actions undertaken by doctors that influence the formation 
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of correct eating habits in patients eligible for knee arthroplasty 
[12,15]. Specialists in orthopaedics encourage weight reduction 
already at the stage of qualifying for surgery. This issue is extremely 
important and addressed in scientific reports. 

Own research confirms the need to inform obese patients about 
the consequences this disease may have after the surgery. Patients 
who already on the first visit had been informed by an orthopaedic 
about a number of complications associated with obesity, decided 
to reduce body weight.

In the available literature there is a large disparity in results 
concerning the effects of knee arthroplasty in obese people. 

Zeni et al. obtained significantly better results of the TUG test 
among obese patients than in those with normal weight [16]. Dere 
et al. reached similar conclusions. In addition, they emphasized the 
lack of correlation between BMI and the results of knee replacement 
in terms of perceived pain and physical performance [17]. In their 
studies, Stevens-Lapsley et al. highlight the lack of relationship 
between weight and the assessment of functional capacity/
performance and at the same time indicate that BMI should not be 
the sole determinant of predicted effects of the treatment [18]. 

Analyzing the results of the VAS scale in own research, it can 
be concluded that in all BMI Groups a similar level of changes in 
results was achieved, in each Group the pain decreased significantly. 
The assessment of the TUG test in own research showed that only in 
the Group with the highest obesity there was a significant decrease 
in the TUG measurement and the change was greater than in the 
Groups with lower and average obesity

Bin Abd Razak et al. conducted research on a Group of 369 
patients who had undergone knee arthroplasty. The results of studies 
concerning the range of movement in the research Group clearly 

shows that people with BMI > 35 kg/m2 achieved statistically better 
results than those with a lower BMI. [19].

Own research indicate that only in Group 2 (BMI 30.00 – 34.99 
kg/m2) one can speak of a significant change in knee flexion before 
and after the surgery. The analysis of the range of extension showed 
that in all three BMI Groups extension declined in a similar manner, 
but only in Group 2 (BMI 30.00 – 34.99 kg/m2) the change reached 
the level of statistical significance. Such a result may be caused by 
the smallest size of the Group. 

Dere et al. showed no negative impact of obesity on the speed 
of regaining functional fitness after surgery [17]. Rastogi et al. 
provided the research in which obese people achieved an improvement 
in functional status within 4 weeks after the treatment [20]. 

The analysis of the Lysholm scale results in own studies showed 
that in all BMI Groups the measurement increased significantly. 

Now-a-days, when overweight and obesity are global civilization 
diseases, body mass must be taken into account during processes 
associated with both preparing a patient for knee arthroplasty and 
the rehabilitation afterwards. Body mass index (BMI) is itself a tool 
that allows determining the degree of obesity. It is not, however, 
perfect, as it does not take into account the degree of training of 
the body or fluctuations in the proportions of adipose, muscle and 
bone tissue that depend on the body. Therefore, it should only be of 
indicative and statistical nature [3].

CONCLUSIONS
High body mass index has no negative impact on regaining one’s 
functional performance after knee arthroplasty.

In the assessment of the selected indicators (ROM, TUG) 
patients with BMI > 35 kg/m2 obtained better results than those 
with a lower BMI.
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