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Objectives: This study aims to determine the prevalence of knee osteoarthritis (OA) and 
associated risk factors in the contralateral limb after lower limb amputation.

Methods: This cross-sectional survey included 500 lower limb amputees using prostheses 
for at least 1 year using convenience sampling from the Pakistan Institute of Prosthetic and 
Orthotic Sciences (PIPOS), Peshawar City, Pakistan rehabilitation services program (PRSP) 
and its satellite centers across Khyber Pakhtunkhwa. A sample included either gender aged 20 
to 80 years. A basic demographic sheet and risk factors questionnaire and American College of 
Rheumatology (ACR) guidelines diagnostic knee OA criteria, such as using history, physical 
examination, and radiographic findings were used to collect data. Data were analyzed using 
SPSS software, version 21. T-test and analysis of variance (ANOVA) statistics were utilized to 
observe any relationship with P<0.05 as significant. 

Results: The current study revealed the prevalence of OA in 131 people (26.2%) with a higher 
prevalence in 86 married men (65.5%) aged 51-80 years (99[75.6%] and 99[75.6%]) with the 
predominance of 87 trans-tibial amputees (TTA) (66.4%). Sustained knee bending was the 
most prevalent risk factor in 127 people (96.9%, 31.07), followed by the history of a painful 
knee injury in 117 people (89.3%, 12.00), sitting on the floor for home activities in 106 people 
(80.9%, 8.00) and occupation with knee use in 129 people (98.5%, 7.25).

Discussion: The high prevalence of 26.2% of OA in the sound limb in lower limb amputees 
is more common in married men aged 51-80 years with trans-tibial amputation on the 
contralateral side. Common risk factors include sustained knee bending, a history of a painful 
knee injury, sitting on the floor for home activities, and occupations with knee use.
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Highlights 

• The prevalence of knee osteoarthritis (OA) in sound limbs following amputation is 26.2%.

• The prevalence of knee osteoarthritis in sound limbs is higher in men (65.5%), those aged 51-80(75.6%), married 
(75.6%), and transtibial amputees (66.4%).

• Sustained knee bending is the most prevalent risk factor (96.9%, 31.07), followed by a history of a painful knee 
injury (89.3%, 12.00), sitting on the floor for home activities (80.9%, 8.00) and occupation with knee use (98.5%, 7.25).

Plain Language Summary 

Lower limb amputees also face long-term issues, including an increased risk of developing osteoarthritis (OA) of the 
knee and hip on the healthy side. The current study was conducted with a knowledge gap to determine the prevalence 
of knee OA and risk factors of knee OA for the intact limb in amputated individuals. This cross-sectional survey was 
conducted with a sample of 500 lower limb amputees using prostheses for at least 1 year, with either gender, aged 
20-80 years using a demographic sheet, risk factor questionnaire, and American College of Rheumatology (ACR) 
guidelines to collect data. Statistical analysis using SPSS software version 21 revealed a prevalence of 26.2% of OA in 
the sound limb, being more common in married men aged 51-80 years with trans-tibial amputation on the contralateral 
side. Common risk factors include sustained knee bending, a history of a painful knee injury, sitting on the floor for 
home activities, and occupations with knee use.

Introduction

steoarthritis (OA) 

OA is a degenerative condition that affects 
the tissues of the joints, resulting in chang-
es in the structure of joint tissue in terms of 
metabolism and functioning [1], since this 

is associated with damage to articular cartilage; formation 
of osteophytes, subchondral sclerosis and inflammation 
of synovial lining resulting in loss of function [2] is the 
leading cause of disability [3]. It can be caused by several 
factors that contribute to its causation [1]. 

Prevalence of knee OA

Knee OA is one of the most common conditions in the 
elderly population with a high global prevalence of 16% 
in people older than 15 years and 22% in people older 
than 22 years [4]. A very high prevalence of 28% in ur-
ban and 25% in rural areas of Pakistan has been reported 
for the population older than 18 years [5] and an even 
higher prevalence of 56.7% in middle-aged adults [6] 
with a higher prevalence in women [4]. Moreover, the 
prevalence of knee OA is likely to increase due to the 
population aging and obesity [7]. A study conducted by 
Farrokhi et al. revealed an increased prevalence of knee 
OA and its risk factors in the military population with 
lower limb amputation [8].

Types of OA

OA can be classified into primary and secondary vari-
eties. Primary OA occurs without a history of disease or 
predisposing traumatic injury due to risk factors, such 
as higher age, female gender, increased body mass in-
dex (BMI), structural factors, including weakness of 
muscles, and injury to joints [9]. The secondary variety 
arises in cases with pre-existing abnormality of the joint 
[9], such as abnormalities of articular cartilages occur-
ring due to lesions, such as rheumatoid arthritis, or ab-
normal focus of forces at the joint, such as in post-injury 
cases [10]. 

OA involving sound limb

Lower limb amputees also face long-term issues re-
sulting from amputation, including an increased risk of 
developing OA of the knee and hip on the sound side, 
which may be due to gait changes due to the use of a 
prosthesis, which can increase the load on the normal 
side [11]. Literature also suggests that lower extremity 
amputation exposes the healthy limb to a increased risk 
of OA [12]. A recent study conducted by Welke et al. 
contradicts this issue which may be because of mechani-
cal factors etc. [13].

O
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Risk factors of OA

Several risk factors are incriminated, including age, 
weight, injury during squatting kneeling, etc, cytokines, 
leptins, [14] female gender, weak leg muscles, reduced 
or excessive physical activity, obesity, trauma (acciden-
tal or surgical), chronic knee pain [15] as well as some 
biomechanical factors [16]. 

As compared to all other large joints of the body, the 
knee joint is a significant load-bearing joint, in which 
soft tissues are the main stabilizing factors. With a force 
2-3 times body weight being transmitted through it dur-
ing walking, these forces are crucial in OA [17]; hence, 
the knee joint is most commonly affected and affected 
by daily activities, such as climbing stairs, rising from a 
chair, prolonged standing, and walking. 

Research gap and current study

Several risk factors can put the healthy knee at risk of 
developing OA, thus identifying and controlling such 
factors is essential to prevent knee OA [15]. Hence, with 
a research gap in the literature [1], research into knee OA 
risk factors for the intact limb in amputated individuals 
requires an hour to preserve the intact limb [8]. 

Therefore, after these keen observations, in a develop-
ing country, it is essential to research into prevalence of 
knee OA and its associated risk factors for the contralat-
eral limb after lower limb amputation to avoid such risk 
factors and bring awareness among the public or plan 
preventive strategies.

Materials and Methods

This cross-sectional survey was conducted in six 
months from July 1, 2019, to December 31, 2019, uti-
lizing non-probability convenience sampling. The study 
included a sample of 500 patients with unilateral lower 
limb amputation (131 trans-femoral amputees [TFA] 
[26.2%], 26 knee disarticulation [5.2%], 314 trans-tibial 
amputees (TTA) [62.8%] and 29 partial foot amputees 
[5.8%]) using prosthesis for at least 1 year and registered 
in Pakistan Institute of Prosthetic and Orthotic Sciences 
(PIPOS), Peshawar City, Pakistan rehabilitation services 
program (PRSP) and its satellite centers across Khyber 
Pakhtunkhwa. The inclusion criteria included either gen-
der aged 20 to 80 years. The exclusion criteria included 
cases with bilateral lower limb amputation, Polio, club 
foot, or any other deformity, people who used orthotics 
on the contralateral side, and congenital amputees. A 
sample of 500 people was calculated using the Rao soft 

online calculator with a 99% confidence interval, 5.69% 
error margin, a population of 20000, and 50% response 
distribution. 

Initially, the records were obtained from the Punjab 
Rural Support Program (PRSP) center’s reception/front 
desk. Unilateral lower limb amputees were filtered from 
those data by quoting their medical record numbers. 
Data search was further advanced by studying individual 
case files. All case files of unilateral lower limb ampu-
tees who were fitted with prostheses at least one year be-
fore and aged between 20 and 80 years were segregated. 
Files that revealed that the patient had a history of po-
lio, club foot, or other such deformities, or used or were 
prescribed orthotics on the contralateral side and those 
who were congenital amputees were removed. Contacts 
of those cases who seemed to meet the selection criteria 
as per their record were noted. Then, they were contact-
ed and interviewed by phone utilizing voice as well as 
video telephony and, their selection criteria were con-
firmed. They were explained the study and consent was 
obtained. Hence, 500 cases who met the selection crite-
ria and consented to be included in the study were taken 
as a sample for the study. Following this, patients were 
individually contacted through phone calls to partici-
pate in the study. A basic demographic sheet, an invalid 
risk factor questionnaire [18], and American college of 
rheumatology (ACR) guidelines for diagnostic knee OA 
were used to collect data. The validity of these criteria 
has a sensitivity of >90% and specificity ranging from 
60% to 84% [19]. The criteria included a history of pain 
in the knee and one of the following findings, age above 
50 years, morning stiffness of less than half an hour du-
ration, crepitus during active movement, and osteophyte 
formation. For this purpose, plain radiographs were con-
sidered. Most patients brought with them radiographs, 
which were taken at facilities near their residence for 
pain, while some were subjected to plain radiography for 
their clinical needs by the concerned orthopedics doctors 
who also reported the findings and included them in the 
study by the researchers. 

Data were analyzed using SPSS software, version 21. 
Descriptive statistics were utilized, including frequency, 
percentage, and odd ratio calculated for risk factors. Chi-
square statistics were utilized to observe the relationship 
with P<0.05 as significant.

Results

The current study revealed the prevalence of OA in 131 
subjects (26.2%) (Figure 1). In terms of gender, no sig-
nificant difference (P=0.446) was observed in 86 women 
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(65.6%) suffering from OA, while in terms of age group, 
75 participants (57.3%) in the age group of 51-80 years 
had OA (P=0.000) (Table 1). Also, in terms of marital 
status, significantly (P=0.000) 99 married individuals 
(75.6%) had OA. In addition, significantly (P=0.000) 87 
TTA (66.4%) followed by 33 TFA (25.2%) using a trans-
tibial and trans-femoral prosthesis, respectively had OA. 

Of the total number of OA cases i.e. 131, the preva-
lence of risk factors was in 129 cases (98.5%) for oc-
cupation, followed by 127(96.9%) for sustained knee 
bending, 117(89.3%) for the history of a painful knee 
injury, 106(80.9%) for sitting on the floor for home ac-
tivities, 86(65.5%) for the female gender, 81(61.8%) for 
overweight, 72(55%) for barefoot walking, 71(54.2%) 
for stair climbing, 43(32.8%) for prolonged standing and 
family history of knee or other joint diseases, 23(17.6%) 
for use of high heeled shoes and 21(16%) for >4 hour 
heavy activities (Table 2). 

No significant (P>0.05) correlation was observed be-
tween sustained knee bending as the most prevalent risk 
factor in 127 affected subjects (96.9%) (31.07) (Table 2) 
with other risk factors and the risk factor of sustained 
knee bending showed no significant relationship with 
age of the patient, marital status, and amputation level, 
and prosthesis type (Table 3).

A significant negative correlation (r=-0.360, P=0.000) 
(Table 4) was observed between the history of a pain-
ful knee injury as the second commonest factor in 117 
affected subjects (89.3%, 12.00) with occupation com-
monly associated with knee use and no relationship was 
observed with other factors (P>0.05). This factor also 
showed no significant relationship with age, marital sta-
tus, and amputation level, and prosthesis type. 

A significant (P<0.05) negative correlation was ob-
served between sitting on the floor for home activities 
in 106 affected subjects (80.9%, 8.00) with BMI (over-
weight), a history of a painful knee injury, positive fam-
ily history of knee or other joint disease, stair climbing 
and a positive correlation was observed with female gen-
der, barefoot walking, and occupation with knee usage. 
However, this factor showed no significant relationship 
with age, marital status, and amputation level, and pros-
thesis type. 

A significant (P<0.05) negative correlation was ob-
served between the risk factor of occupation with knee 
use in 129 affected subjects (98.5%, 7.25) with a history 
of a painful knee injury, sustained knee bending, posi-
tive family history, and a positive correlation was ob-
served with sitting on the floor, and no relationship was 
observed with age, marital status, amputation level, and 
prosthesis type.

Thus, the current study indicates that sustained knee 
bending is an independent and most prevalent risk factor 
that is not dependent on other factors. Hence, this is an 
easily avoidable factor. The second most common factor 
is the history of a painful knee injury, which has a sig-
nificant negative correlation with occupation; hence, oc-
cupations in which the chance of knee injury is less are 
crucial. The third most common factor is sitting on the 
floor for home activities which has a significant negative 
correlation with BMI (overweight), a history of a pain-
ful knee injury, a positive family history of knee or other 
joint diseases, stair climbing, and a positive correlation is 
observed with female gender, barefoot walking, and oc-
cupation with knee usage, hence, weight reduction can 
result in a significant reduction in the risk factor of knee 
OA. The risk factor of occupation with knee use has a 
significant negative correlation with the history of a pain-
ful knee injury, sustained knee bending, positive family 

Figure 1. Prevalence OA (n=131)
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history, and a positive correlation with sitting on the floor, 
indicating that these factors are interrelated and avoidance 
can significantly reduce the chances of knee OA. 

Discussion

The present study revealed the prevalence of knee OA 
for lower extremity amputees in the intact or sound limb 

Table 1. Demographic and clinical characteristics of population who developed OA (n=131)

Variables Group
No. (%) Chi-square

Osteoarthritis Non-osteoarthritis Total X2, P

Age of patient
20-50 56(42.7) 369(100 ) 425(85)

249.85, 0.000
51-80 75(57.3) - 75(15)

Gender
Male 86(65.6) 257(69.6) 343(68.6) 0.603, 

0.446Female 45(34.4) 112(30.4) 157(31.4)

Marital status
Single 32(24.4) 134(36.3) 166(33.2)

65.66, 0.000
Married 99(75.6) 235(63.7) 334(66.8)

Level of amputation and 
prosthesis

TFA 33(25.2) 98(26.5) 131(26.2)

284.08, 0.000
KD 5(3.8) 21(5.7) 26(5.2)

TTA 87(66.4) 227(41.5) 314(62.8)

PFA 6(4.6) 23(6.3) 29(5.8)

Abbreviations: TFA: Trans-femoral amputee; KD: Knee disarticulation; TTA: Trans-tibial amputee; PFA: Partial feet amputate. 

Table 2. Prevalence of risk factors for OA (n=131)

Risk Factors

Risk Factor Present/Absent
95% CI/

Upper-LowerNo. (%)
Odd Ratio

Present Absent

Body mass index (over weight) 81(61.8) 50(38.2) 2.57 2.10-3.24

Prolong standing 43(32.8) 88(67.2) 1.12 0.74-1.74

Sex (female) 86(65.5) 45(34.4) 1.18 0.77-1.18

Bare foot walking 72(55) 59(45) 3.21 1.92-2.41

Occupation (knee use mostly) 129(98.5) 2(1.5) 7.25 4.85-11.70

Past history of painful knee injury 117(89.3) 14(10.7) 12.00 5.07-24.69

Duration of heavy activity >4 hours 21(16) 110(84) 1.00 1.08-1.26

Sustained knee bending 127(96.9) 4(3.1) 31.07 11.31-86.28

Positive family history of knee or other joint diseases 43(32.8) 88(67.2) 1.47 1.30-1.66

Stair climbing 71(54.2) 60(45.8) 1.34 0.89-2.00

Sitting on the floor for home activity 106(80.9) 25(19.1) 8.00 5.85-12.82

Use of high heeled shoes 23(17.6) 108(82.4) 1.50 0.88-2.65
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Table 3. The relationship of risk factors with clinical and demogrpahic variables (n=131)

Risk Factor Group (No.)

Age of Patient (n) Marital Status (n) Level of Amputation and Type of 
Prosthesis (n)

20
-5

0 
(5

6)

51
-8

0 
(7

5)

P

Si
ng

le
 (3

2)

M
ar

rie
d 

(9
9)

X2, P

TF
A/

TF
P 

(3
3)

KD
/K

DP
 (5

)

TT
A/

TT
P 

(8
7)

PF
A/

PF
P 

(6
)

P

BMI (over weight)
Yes (81) 43 38

9.268
0.002

19 62
0.108
0.449

23 3 53 2
2.968
0.397

No (50) 13 37 13 37 10 2 34 4

Prolong standing
Yes (43) 16 27

0.802
0.24

11 32
0.046
0.496

10 0 29 4
5.665
0.129

No (88) 40 48 21 67 23 5 58 2

Sex (female)
Male (45) 17 28

0.692
0.26

12 33
0.186
0.41

11 0 33 1
3.958
0.266

Female (86) 39 47 20 66 22 5 54 5

Bare foot walking
Yes (72) 24 48

4.79
0.013

16 56
0.421
0.327

17 2 51 2
2.215
0.529

No (59) 32 27 16 43 16 3 36 4

Occupation (knee 
use)

Yes (129) 55 74
0.044
0.674

32 97
0.656
0.57

33 5 85 6
1.027
0.795

No (2) 1 1 0 2 0 0 2 0

Past history of pain-
ful knee injury

Yes (14) 5 9
0.317
0.395

4 10
0.146
0.461

3 1 10 0
1.32

0.724
No (117) 51 66 28 89 30 4 77 6

Heavy activity >4 
hours

Yes (21) 7 14
0.906
0.24

7 14
1.074
0.22

3 1 13 4
12.745
0.005

No (110) 49 61 25 85 30 4 74 2

Sustained knee 
bending

Yes (127 53 74
1.754
0.209

32 95
1.334
0.321

32 5 84 6
0.392
0.942

No (4) 3 1 0 4 1 0 3 0

Family history of 
knee or other joint 

diseases

Yes (43) 16 27
0.802
0.24

8 35
1.176
0.194

10 3 29 1
2.49

0.477
No (88) 40 48 24 64 23 2 58 5

Stair climbing
Yes (71) 39 32

9.399
0.002

16 55
0.301
0.365

15 4 49 3
2.558
0.465

No (60) 17 43 16 44 18 1 38 3

Sitting on the floor 
for home activity

Yes (106) 45 61
0.02

0.531

27 79
0.328
0.387

24 3 74 5
3.839
0.279

No (25) 11 14 5 20 9 2 13 1

Use of high heeled 
shoes

Yes (23) 15 8
5.755
0.015

8 15
1.62

0.157

6 0 17 0
2.588
0.46

No (108) 41 67 24 84 27 5 70 6

Abbreviations: TFA: Trans-femoral amputee; KD: Knee disarticulation; TTA: Trans-tibial amputee; PFA: Partial foot amputate; 
TFP: Trans-femoral prosthesis; KDP: Knee disarticulation prosthesis; TTP: Trans-tibial prosthesis; PFP: Partial foot prosthesis; 
BMI: Body mass index.
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Table 4. Pearson’s correlation matrix showing association of risk factors (n=131)
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of 131 people (26.2%). Similarly, a small study con-
ducted by Struyf et al. reported a prevalence of 27% 
[20]. While in contrast, Welke et al. in a large study 
reported a much lower prevalence of knee OA in 261 
people (16.6%) in TFA compared to non-amputees, the 
lower prevalence may be due to reduced physical activ-
ity and heavy work [21] due to a higher level of am-
putation, while the current study included mostly TTA 
and revealed a higher prevalence of knee OA. Similarly, 
Norvell et al. also reported a prevalence (16.1%) of OA 
in amputees compared to non-amputees (11.7%) [22]; 
however, these studies are quite different from the cur-
rent study because the current study did not include non-
amputees. 

The literature reveals obesity, female gender [23], sed-
entary lifestyle, and age as significant risk factors for 
knee OA without focusing on amputation cases [24]. 
However, in the current study, the female gender revealed 
a higher prevalence in 86 subjects (65.6%) with OA; 
however, the difference was not significant (P=0.446) 
and the odd ratio revealed a lower value (1.18). A rea-
son behind this finding may be the sedentary lifestyle 
of women who are culturally expected to stay at home. 
Consistent with our study, a similarly higher prevalence 
in women has been reported in a Saudi study involving 
non-amputees probably due to variations in anatomy, 
female hormones, and genetic makeup [23]. This is con-
sistent with the international literature [25]. Similarly, in 
the current study, obesity revealed a higher prevalence in 
81 subjects (61.8%) with OA indicating that it is a risk 
factor (2.57) of OA, which is by the available literature 
[26]. However, another local study involving non-ampu-
tated cases reported BMI (overweight) with an odd ratio 
of 11.636 as the number one risk factor [18], indicating 
that though it was a risk factor of OA, its impact on the 
sound limb in amputees was less, possibly because in 
amputees, the mobility was restricted due to amputation 
and the additional impact of obesity on the sound limb 
was less. 

In the present study, OA was significantly (P=0.000) 
more common in 75 subjects (57.3%) in the age group 
of 51-80 years. Similarly, a study conducted by Welke et 
al. revealed that most cases (39%) of knee OA in ampu-
tees occurred in subjects aged 70-79 years, followed by 
20.3% in subjects aged 60-69 years followed by 16.2% 
each in the age group of 50-59 and 80-89 years [21]. A 
Saudi study also revealed the relationship of OA with 
age; however, more severe OA was reported to affect 
non-amputee elderly [23], indicating that aging was a 
risk factor for OA, which is consistent with the literature 
[21].

This study also revealed a significantly (P=0.000) 
higher prevalence of OA in 99 married subjects (75.6%). 
Consistent with the current study, a study conducted by 
Jørgensen et al. also revealed that OA risk and admis-
sion in hospitals are more common among married men, 
which may be due to the lifestyle of people with children 
[27], since married individuals with families have to per-
form additional tasks to run their families, putting them 
at additional risk of injury and hence risk of OA.

In the present study, knee OA was more prevalent in 
87 TTA (66.4%) followed by 33 TFA (25.2%) with the 
same percentage using trans-tibial and trans-femoral 
prostheses, respectively. This seems to be consistent 
with literature revealing that symmetry for the first peak; 
stance and impulse vary with amputation level and are 
related to intact knee OA [28]. However, some prosthetic 
feet, such as energy storing and return (ESAR) prosthetic 
feet may not result in any significant difference in joint 
kinematics and hence may not affect joint contact forc-
es, which may be responsible for OA in other cases on 
the intact side [29]. According to Ding et al., knee OA 
of a healthy limb can be prevented by better prosthetic 
designs and foot control, socket design, and strength of 
muscles on the amputated side [30]. 

In the current study, sustained knee bending was the 
most prevalent risk factor in 127 affected people (96.9%, 
31.07) consistent with the literature [31]. In contrast, Da-
haghin et al. reported that knee bending had only border-
line risk [32] and another local study labeled it as low 
risk with 2.738 [18]. The results in the current study may 
be because, in Pakistani culture, women usually sit on 
the floor for home activity with sustained knee bending, 
especially while working in kitchens and doing laundry 
that may be the cause of sustained knee bending, which 
is the most prevalent risk factor for OA. 

Barefoot walking was the second most common risk 
factor identified in the current study with a prevalence 
of OA in 72 subjects (55%, 3.21). In contrast, Dahaghin 
et al. reported that even walking up and down was not a 
risk factor [32] in non-amputees; while in contrast, our 
study focused on amputees, in whom reduced physical 
activity was reported as a possible risk factor [15].

The history of a painful knee injury was in 117 affected 
people (89.3%, 12.00) in the current study, which is con-
sistent with the available literature according to which, 
loading injuries, such as injury to the meniscus, joint lig-
aments, fractures, and dislocations are linked with many 
fold increased risk of knee OA [26]. Also, the literature 
reveals that traumatic amputees revealed an increased 
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prevalence of knee OA of uninvolved limbs compared to 
healthy individuals [33]. 

Sitting on the floor for home activities is a significant 
risk factor with a prevalence of 106 (80.9%, 8.00) in the 
current study, which is in contrast to the literature reveal-
ing that sitting on the floor did not qualify for being a 
risk factor [32]. This difference may be because in de-
veloping countries, such as Pakistan, especially in rural 
suburbs, the population spends a lot of time sitting on the 
floor as well as in a squatting position since they use In-
dian latrines, where squatting becomes essential, which 
can damage the knee structures.

This study revealed that occupation with knee use in 
129 cases (98.5%, 7.25) was a significant risk factor, 
which is consistent with the literature that occupations 
involving standing for long periods and frequent knee 
bending is considered a modifiable risk factor [31]. 

Conclusion

The study concludes that due to a high prevalence of 
OA in the sound limb in the current study, knee OA 
should be suspected in amputated cases, especially trans-
tibial amputation with risk factors, including male gen-
der, older age group, sustained knee bending, the history 
of a painful knee injury, sitting on the floor for home 
activities and occupations with knee use.

Study limitations

Since the study utilized an invalid risk factor question-
naire that was used in another study and a convenience 
sampling method was used, this can affect the study re-
sults and bring potential bias. The study was conducted 
only in one province of the country and a smaller num-
ber of women opted for the study; hence, the results can-
not be generalized.
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