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Abstract
The study aimed to review the literature on the classical risk factors for knee osteoarthritis and their possible 
role in the development of this pathology in patients with unilateral transtibial amputation in terms of potential 
rehabilitation prospects. A search of publications was carried out using PubMed databases of the US National Center 
for Biotechnology Information and the website of the Elsevier publishing house. Well-established increased risk 
factors for knee osteoarthritis are old age, female gender, lower limb muscle weakness, low or excessive physical 
activity, overweight, a history of knee joint injury or surgery, chronic knee pain. These factors are common for 
disabled persons with unilateral transtibial amputation, which, combined with specific mechanical factors, makes 
these persons more vulnerable to the development and progression of osteoarthritis. Programs aimed at eliminating 
modifiable risk factors for the development of knee osteoarthritis can contribute to the preservation of knee joint 
function in the long term and improve the quality of life of persons with unilateral transtibial amputation. This 
requires the well-coordinated efforts of a multidisciplinary team, as well as the participation of the disabled persons 
themselves. Identification and management of the potentially modifiable classical risk factors for the development 
of knee osteoarthritis are one of the promising pathways of rehabilitation of persons with unilateral transtibial 
amputation.
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Introduction. Osteoarthritis (OA) is a multifacto-
rial condition of articular insufficiency character-
ized by the loss of articular cartilage, sclerosis of 
the subchondral bone, and inflammation leading to 
progressive joint degradation, structural changes, 
loss of mobility and function, pain, and low quality 
of life [1, 2]. OA of the knee joint progresses slow-
ly; however, X-ray diagnosis is often made only at 
a late disease stage [3]. Given the degenerative na-
ture of knee OA, it usually progresses to a stage 
where joint replacement surgery may be the only 
option to relieve symptoms and improve function 
and quality of life. However, this procedure may 
be unacceptable for patients with transtibial ampu-
tation [4].

For this reason, identifying potentially modifi-
able risk factors and implementing protective strat-
egies that can lead to favorable long-term results 
are necessary. Currently, lifestyle changes, phys-
iotherapy, physical exercise, and other methods 
of physical and rehabilitation medicine are main 
methods that slow OA progression [5].

Individuals with unilateral transtibial amputa-
tion are known to have an increased prevalence 
of OA and pain in the knee joint of an intact limb 
[6, 7], which is associated with impaired gait bio-
mechanics and a compensatory load increase on 
this joint [8]. Moreover, classical risk factors for 
the development of knee OA received insufficient 
attention.

This study aimed to analyze the literature on 
the classic risk factors for knee OA and their pos-
sible role in the development of this pathology in 
people with unilateral transtibial amputation from 
the perspective of potential rehabilitation prospects.

Materials and methods. Relevant studies 
were extracted from the PubMed databases of the 
US National Center for Biotechnology Informa-
tion on the Elsevier website using the keywords 
“knee osteoarthritis,” “knee pain,” “risk factors,” 
“lower- limb amputation,” “transtibial amputation,” 
“below-knee amputation,” and “satisfaction.” Full-
text articles relevant to the study problem were an-
alyzed. During the search for the most appropriate 
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publications, “similar articles” recommended di-
rectly on the indicated sites were extracted.

Results and discussion. The commonly rec-
ognized factors that contribute to an increased 
risk of developing knee OA in the general popula-
tion are an overweight status, presence of clinical 
symptoms (primarily pain) without X-ray con-
firmation of OA, history of knee injury, or his-
tory of knee surgery [9]. The highest prevalence 
of knee pain and OA was noted in elderly people 
and women [10]. Genetic predisposition is of no 
small importance in OA development; however, 
at present, genetic predisposition is difficult to as-
sess clinically [11].

The risk factors for OA of the knee joints also 
include increased load on the joints [12], physical 
activity, and muscle weakness [13].

The relevance of risk factors for the develop-
ment of OA for the population with unilateral tran-
stibial amputation appears to be more significant 
than that for other population groups.

Age. Elderly age is a well-known risk factor 
for OA occurrence. The relationship between age 
and OA risk is believed to be multifactorial. It can 
be caused by metabolic disorders with an intensi-
fication of oxidative processes, changes in carti-
lage structure, a decrease in muscle strength with 
sarcopenia development, and a decrease in pro-
prioception [14]. Age-related changes in cellular 
mechanisms that maintain homeostasis also con-
tribute to an inadequate response to stress and de-
struction of articular tissues [15].

If we consider the population of amputees in de-
veloped countries, most of them are over 60 years 
old [16]. This population is vulnerable to the deve-
lopment and/or progression of knee OA, which 
must be considered when drawing up rehabilitation 
programs and prosthetics.

Gender. An opinion is expressed about gender 
differences in the pathogenesis of OA [17], which 
is associated apparently with the status of sex hor-
mones, especially with the estrogen level. This is 
evidenced by the data on the higher prevalence of 
OA in women [18, 19], increase in OA prevalence 
among postmenopausal women [20], and presence 
of estrogen receptors in the tissues of the joints 
[21]. An experimental study on mice demonstrated 
that estrogen plays a protective role in maintaining 
joint homeostasis, preventing damage to cartilage 
and changes in the subchondral bone of the joints 
[22]. A study did not find gender differences in the 
frequency of major lower-limb amputations [23]. 
However, female patients were older at the time of 
amputation [24]. From these perspectives, the gen-
der dependence of knee OA is also relevant for fe-
male patients with transtibial amputation.

Overweight. Obesity is one of the proven modi-
fiable risk factors for knee OA. According to Mur-
phy et al., two of every three patients with obesity 
have OA [25]. Zhou showed the dependence of OA 
development on body mass index [26].

Obesity is believed to be associated with both 
the development and progression of knee OA [27]. 
Conversely, weight loss of more than 5% in people 
with risk factors or radiographic signs of OA has 
been shown to be associated with slow progression 
over 96 months of knee cartilage degeneration and 
slow progression of meniscus lesion compared with 
study participants with stable weight [28].

Despite the proven relationship between obesity 
and OA development, there is serious debate about 
how obesity contributes to the disease onset and 
progression. A combination of increased load and 
altered joint biomechanics is considered the main 
mechanism of the relationship between obesity and 
OA for load-bearing joints [29]. Moreover, because 
of the anatomical aspects, obesity affects to a grea-
ter extent the induction and progression of OA in 
the knee joint than in the hip joint [30].

According to Chen et al., abnormal load in obe-
sity plays a central role, while joint displacement 
and muscle weakness have a dynamic relationship, 
influencing each other and exacerbating the effect 
of abnormal load on the joints [30]. Muscle hypo-
trophy in obese people limits the full functioning 
of the joints, contributing to their displacement. 
The combination of these three factors affects the 
structure of the joints, stimulating OA onset and 
progression [30].

A sedentary lifestyle increased the risk of 
 people with disability associated with lower-limb 
amputation to experience weight gain and obesity. 
According to Littman et al., only 23% of patients 
with lower-limb amputation had normal weight, 
one-third were overweight, and 26% and 17% had 
obesity I and II, respectively [31], which leads to an 
increased risk of knee OA.

Literature data indicate the importance of in-
cluding measures to maintain normal body weight 
or reduce it, if necessary, in the rehabilitation pro-
gram for people with disability associated with 
transtibial amputation to prevent the development 
and/or progression of knee OA after prosthetics.

Muscle weakness. Patients with OA usually de-
velop impaired muscle function, including weakness, 
with changes in the sequence, degree, and rate of ac-
tivation because of impaired neuromuscular trans-
mission mechanisms and proprioceptive deficits [32]. 
The muscles of the elderly population are more sus-
ceptible to damage and regenerate and recover more 
slowly than the muscles of the young population. 
They also become atrophic and weak more often.
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Muscle weakness was previously considered 
a secondary sign because of OA-related symptoms 
that lead to decreased activity levels with subse-
quent muscle hypotrophy and weakness. Howe ver, 
muscle weakness precedes the onset of knee OA 
[33]. This is especially relevant for the extensors 
and flexors of the knee [34]. The loss of strength of 
the quadriceps can reduce its shock-absorbing po-
tential, causing large dynamic loads on the knee 
joint cartilage and subsequent progressive cartilage 
degeneration [32, 35, 36].

A study suggested that weakness of muscles in-
volved in hip joint movement may also contribute 
to an increased risk of knee OA [37]. In particular, 
this concerns the thigh muscles, which are involved 
in the alignment of the frontal and horizontal 
planes of the lower extremities [37]. Strengthening 
the abductor muscles of the thigh can lead to a sig-
nificant reduction in pain and improved function-
ing in older people with primary OA of the knee 
joint [38].

Patients with lower-limb amputation experience 
acute muscle weakness. In the absence of plantar 
flexors, the knee and hip extensors become more 
important for movement. However, a study re-
vealed evidence of muscle changes during transti-
bial amputation, i.e., a decrease in the strength of 
the extensors (quadriceps) and knee flexors [39]. 
Decreased strength of the quadriceps can impair 
the ability of the prosthetic limb to perform ade-
quate movement [40]. Considering the predomi-
nantly old age of people with disability associated 
with lower-limb amputation, muscle weakness is an 
urgent problem.

According to Esposito and Miller, a decrease 
in strength in the preserved muscles of the stump 
may increase metabolic consumptions during 
walking in patients with unilateral transtibial am-
putation [41]. The authors believe that minimizing 
muscle strength reduction, especially in the pros-
thetic limb, should be the focus of rehabilitation af-
ter transtibial amputation to maintain low-energy 
walking with minimal gait deviations [41]. Nolan 
also emphasized the need to maintain the stump 
muscle strength and muscle strength symmetry be-
tween the limbs [42]. According to Zhang et al., 
during rehabilitation training, weight loss and in-
crease in muscle mass, should be given special at-
tention, as they may have reduce the risk of knee 
OA in this population [43].

Lefèvre-Colau et al. believe that rehabilitation 
strategies to improve long-term muscle function in 
patients with OA should include appropriate exer-
cise and physical activity [44]. Muscle-strengthen-
ing exercises have been shown to reduce pain and 
improve physical functioning and quality of life of 

patients with knee OA; however, these benefits usu-
ally do not persist after the patient stops exercising 
[45]. This indicates the need to inform people with 
disability about the importance of regular physical 
exercise and learning how to do it independently 
at home.

Physical activity level. Data on the effect of phy-
sical activity on OA development and progression 
are conflicting, which may be attribu ted to some re-
search limitations. For example, the  authors may not 
have considered the additional role of trauma ob-
tained during exercise. Moreover, knee structures 
may behave differently when perfor ming diverse 
physical activities at various  stages of life [46].

The intensity of physical activity appears signi-
ficant. In particular, a study revealed that sedentary 
lifestyle and vigorous activity may be unsafe for 
people at risk of developing knee OA [46] and that 
both low and excessive physical activities are ac-
companied by cartilage degradation [47, 48]. An in-
creased risk of knee OA was noted in male patients 
who were overweight and obese and had increased 
physical activity [49]. On the contrary, a study re-
vealed that less active middle-aged people may also 
develop knee OA [50].

Nagao et al. believe that extremely intense sports 
increase the OA risk, while daily exercise reduces it 
[51]. Other authors also indicate a reduction in OA 
risk with regular physical activity throughout life 
[52]. This may be due to a decrease in the action of 
some other risk factors for the development of knee 
OA (such as a decrease in quadriceps strength) [53].

Moreover, the reduction in the risk of knee OA 
with regular physical activity is explained by “con-
ditioning” of the cartilage [54]. In this theory, the 
cartilage can adapt to stress, and prolonged  periods 
of low activity followed by short periods of intense 
activity can destroy cartilage and increase the risk 
of OA.

Intra-articular cartilage is positively affected 
by various physical exercises [55, 56]. In addition, 
exercises do not negatively affect the biochemical 
composition of the articular cartilage of the knee 
joint in the population with mild knee OA and are 
well tolerated [55, 56].

Moderate physical activity is recommended by 
the guidelines for the nonsurgical management of 
knee OA [57].

Considering the above, people with unilateral 
transtibial amputation appear to have an increased 
risk of knee OA because of low physical activity 
level [58].

Miller et al. explained that the increased risk 
of knee OA in people with unilateral transtibial 
amputation is related to cartilage “conditioning,” 
i.e., abrupt changes in gait mechanics because of 
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 amputation and the use of prostheses lead to a sud-
den increase in the load on the joints of the intact 
limb, in which the adaptive response of the carti-
lage was weakened by a long unloading period be-
cause of trauma and/or surgery [59].

Articular cartilage is thought to undergo some 
degrees of structural and functional atrophy in the 
absence of mechanical stress. In particular, the 
glycosaminoglycan content in the cartilage of the 
knee joint, which affects the stiffness of the carti-
lage during compression, remains below the initial 
level for at least 1 year after 6 weeks of immobili-
zation [59]. Thus, excessive load on the intact limb 
after immobilization may be dangerous for the 
knee joint condition in the future. To minimize this 
risk, long loading periods of axial load should be 
avoided [59].

At present, it remains unclear whether sports 
can be a risk factor for the onset and progression of 
knee OA in patients with lower-limb amputation [7]. 
However, a study revealed that people with disabi-
lities associated with a post-amputation defect of the 
lower limb, who are involved in sports and/or are 
physically active, report significant physical and psy-
chological improvements (i.e., increased strength, 
endurance, and self-esteem and quality of life) [60].

Knee injury or surgery. Joint injury is consi-
dered one of the most serious risk factors for OA 
development [61]. Studies have shown that people 
with a history of knee injuries have a significantly 
higher risk of knee OA [24] and their diagnosis is 
established earlier [62].

In contrast to idiopathic OA, post-traumatic OA 
can cause functional disability in disproportionate-
ly young populations, as primary injuries are more 
likely to occur in young people [63]. Moreover, in-
juries of the anterior cruciate ligament are domi-
nant, especially in young people involved in sports 
that require turns and frequent direction changes 
[63]. According to various sources, 50%–90% of 
injuries of the anterior cruciate ligament progress 
to OA [64, 65]. In turn, anterior cruciate ligament 
injury can cause pain, limited range of motion, 
muscle weakness, knee instability, altered biome-
chanics, and decreased physical activity [65], de-
termining a secondary risk of knee OA.

Several other factors may mediate the risk of 
post-traumatic OA, namely, female gender, age, 
high body mass index, obesity, physical activity, 
smoking, low educational level, subsequent sur-
gery, surgical intervention, and knee varus align-
ment [64, 66].

The exact mechanism of development of 
post-traumatic OA remains unclear. Structural, bio-
logical, mechanical, and neuromuscular factors are 
believed to be involved in this process [67].

After a knee injury, there may be an “early the-
rapeutic window” during which the inflammatory 
response is activated and matrix degradation starts, 
which can be targeted by intervention; however, the 
optimal and/or most recent times at which degra-
dation can be stopped or reversed are currently un-
known [68].

Physical activity is considered important in the 
rehabilitation of patients with post-traumatic OA. 
According to Dare and Rodeo, since the joint range 
of motion is often limited in case of post-trauma-
tic OA, the main emphasis should be on normali-
zing the range of motion and strength training of 
the quadriceps and popliteal tendons [69].

Some authors highlight the importance of in-
forming patients about rehabilitation for post-trau-
matic OA, as it is necessary to increase their 
awareness of the possibility of repeated injury and 
risk of post-traumatic OA, helping them to under-
stand the importance of preventing repeated inju-
ry and training them to engage in physical activity, 
control of weight, and diet [70].

Post-traumatic OA may be relevant for patients 
with disability associated with transtibial amputa-
tion due to trauma. Serious injuries of the lower 
extremities requiring amputation are becoming an 
increasingly common problem for military and ci-
vilian surgeons and trauma orthopedists [71]. The 
predominance of men and young people (average, 
37.2 years) with limbs amputated because of trau-
matic injury is an important finding [72].

Patients with traumatic unilateral lower-limb 
amputation are at a higher risk of OA of the con-
tralateral knee joint compared with people without 
amputation [4, 73].

The high life expectancy of young people with 
trauma suggests the development of effective re-
habilitation programs to prevent or delay the de-
velopment of knee OA by early identification and 
modification of risk factors. Rehabilitation pro-
grams should include screening of an intact limb 
for previous high-energy trauma, assessment of 
joint pain, evaluation of biomechanics of the con-
tralateral knee joint, and should aimed, among 
 other things, at managing body weight and elimina-
ting muscle weakness in the lower extremities [4].

Chronic knee pain. The presence of chronic 
knee pain is considered an early sign of degene-
rative joint changes that may appear prior to radio-
graphic signs of knee OA, since the most commonly 
used conventional radiographs are not sensitive 
to detecting early structural changes in OA [74].

The intensity of knee pain was reported to be 
a predictor of total knee replacement in OA [75]. 
Thus, pain relief through inexpensive and non-inva-
sive treatment methods is of interest. These me thods 
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include gait aids, gait biomechanics correction, 
specific physical exercises, and joint fixation [9, 57].

According to Norvell et al., in patients with 
transtibial amputation, pain in the knee of the in-
tact limb occurs nearly two times more often than 
in the control population and five times less often 
in the knee of the amputated limb [76]. Complaints 
of pain in the contralateral knee joint are more 
common in women (37%) than in men (24.1%) [77]. 
If we take into account the earlier opinion that the 
chronic knee pain is an early sign of the knee OA 
[74], then it is probable that measures aimed at re-
ducing pain (or preventing it) will delay (or prevent) 
the clinical and radiological manifestation of OA in 
patients with transtibial amputation.

Conclusion. The knee joint has a unique 
load-carrying mechanism that can withstand nor-
mal daily loads without injury, which is determined 
by genetic, mechanical, and age-related factors. 
However, the effect of excessive loads and chan-
ges in the biomechanics of the joints following 
 lower-limb amputation, in combination with other 
risk factors characteristic of people with disability 
with unilateral transtibial amputation (usually el-
derly patients or traumatic etiology of limb ampu-
tation at a young age, decreased physical activity, 
muscle weakness, and overweight) can lead to the 
onset and progression of OA.

The development of effective rehabilitation pro-
grams to prevent or delay OA of the knee joint by 
early detection and modification of risk factors is 
believed to be a decisive step in maintaining knee 
function in the long term and improving the qua-
lity of life of people with disabilities after unilat-
eral lower-limb amputation [4]. This requires the 
well-coordinated work of a team of doctors, pros-
thetists, physiotherapists, and other specialists and 
the participation of the patients [78, 79].

CONCLUSIONS
1. The main generally recognized classical risk 

factors for the development of OA of the knee joint 
are old age, female gender, overweight (obesity), 
weakness of lower-limb muscles, low or excessive 
physical activity, history of injury or surgery of the 
knee joint, as well as chronic knee pain.

2. People with disability associated with unila-
teral transtibial amputation of a limb is characte-
rized by a high frequency of the following factors: 
age >60 years, predominance of older women, in-
creased body weight, reduced physical activity, 
weakness of the flexor and extensor muscles of the 
knee joint and the abductor muscles of the thigh, 
traumatic cause of amputations at a young age, 
which does not rule out damage to the of the knee 
joint, and chronic pain in the knee area.

3. The identification and management of poten-
tially modifiable classical risk factors for the de-
velopment of OA in the knee joint is one of the 
rehabilitation tasks for people with disability as-
sociated with unilateral transtibial amputation to 
preserve the functions of the knee joint in the long 
term and improve the quality of life of this cohort.

Author contributions. O.I.H. created the study con-
cept and design, helped in the literature search and 
analysis of publications, and wrote the text of the 
 article. E.M.V. edited the text and was involved in the 
general management of work. A.M.B. helped in the li-
terature search and analysis of publications.
Funding. The study had no external funding.
Conflict of interest. The authors declare no conflict of 
interest.

REFERENCES
1. Loeser R.F., Goldring S.R., Scanzello C.R., Gol-

dring M.B. Osteoarthritis: A disease of the joint as an organ. 
Arthritis Rheum. 2012; 64 (6): 1697–1707. DOI: 10.1002/ 
art.34453.

2. Contartese D., Tschon M., De Mattei M., Fini M. Sex 
specific determinants in osteoarthritis: A systematic review 
of preclinical studies. Int. J. Mol. Sci. 2020; 21 (10): 3696. 
DOI: 10.3390/ijms21103696.

3. Glyn-Jones S., Palmer A.J.R., Agricola R., Price A.J., 
Vincent T.L., Weinans H., Carr A.J. Osteoarthritis. Lancet. 
2015; 386 (9991): 376–387. DOI: 10.1016/S0140-6736(14) 
60802-3.

4. Farrokhi S., Mazzone B., Yoder A., Grant K., 
 Wyatt M.A. Narrative review of the prevalence and risk fac-
tors associated with development of knee osteoarthritis af-
ter traumatic unila teral lower limb amputation. Mil. Med. 
2016; 181 (S4): 38–44. DOI: 10.7205/MILMED-D-15-00510.

5. Hussain S.M., Neilly D.W., Baliga S., Patil S., Patil S. 
Knee osteoarthritis: a review of management options. Scott. 
Med. J. 2016; 61 (1): 7–16. DOI: 10.1177/0036933015619588.

6. Struyf P.A., van Heugten C.M., Hitters M.W., 
Smeets R.J. The prevalence of osteoarthritis of the intact 
hip and knee among traumatic leg amputees. Arch. Phys. 
Med. Rehabil. 2009; 90 (3): 440–446. DOI: 10.1016/j.apmr. 
2008.08.220.

7. Gailey R. Review of secondary physical conditions 
associated with lower-limb amputation and long-term pros-
thesis use. J. Rehabil. Res. Dev. 2008; 45 (1): 15–30. DOI: 
10.1682/JRRD.2006.11.0147.

8. Morgenroth D.C., Gellhorn A.C., Suri P. Osteoarthritis 
in the disabled population: a mechanical perspective. PMR. 
2012; 4 (Suppl. 5): S20–S27. DOI: 10.1016/j.pmrj.2012.01.003.

9. Wink A.E., Gross K.D., Brown C.A., Lewis C.E., 
Torner J., Nevitt M.C., Tolstykh I., Sharma L., Felson D.T. 
Association of varus knee thrust during walking with wor-
sening Western Ontario and McMaster Universities Os-
teoarthritis index knee pain: a prospective cohort study. 
 Arthritis Care Res. (Hoboken). 2019; 71 (10): 1353–1359. 
DOI: 10.1002/acr.23766.

10. Landsmeer M.L.A., Runhaar J., van Middelkoop M., 
Oei E.H.G., Schiphof D., Bindels P.J.E., Bierma-Zeins-
tra S.M.A. Predicting knee pain and knee osteoarthritis 
among overweight women. J. Am. Board. Fam. Med. 2019; 
32 (4): 575–584. DOI: 10.3122/jabfm.2019.04.180302.



6 of 8

Review

11. Gardiner B.S., Woodhouse F.G., Besier T.F., Grod-
zinsky A.J., Lloyd D.G., Zhang L., Smith D.W. Predicting 
knee osteoarthritis. Ann. Biomed. Eng. 2016; 44 (1): 222–
233. DOI: 10.1007/s10439-015-1393-5.

12. Heijink A., Gomoll A., Madry H., Drobnič M., 
Filardo G., Espregueira-Mendes J., Van Dijk C.N. Biome-
chanical considerations in the pathogenesis of osteoarthri-
tis of the knee. Knee Surg., Sports Traumatol., Arthrosco-
py. 2012; 20 (3): 423–435. DOI: 10.1007/s00167-011-1818-0.

13. O'Neill T.W., McCabe P.S., McBeth J. Update on the 
epidemiology, risk factors and disease outcomes of osteoar-
thritis. Best Pract. Res. Clin. Rheumatol. 2018; 32 (2): 312–
326. DOI: 10.1016/j.berh.2018.10.007.

14. Dulay G.S., Cooper C., Dennison E.M. Knee pain, 
knee injury, knee osteoarthritis & work. Best Pract. Res. 
Clin. Rheumatol. 2015; 29 (3): 454–461. DOI: 10.1016/j.berh. 
2015.05.005.

15. Loeser R.F., Collins J.A., Diekman B.O. Ageing and 
the pathogenesis of osteoarthritis. Nat. Rev. Rheumatol. 
2016; 12 (7): 412–420. DOI: 10.1038/nrrheum.2016.65.

16. Ramczykowski T., Schildhauer T.A. Amputation of 
the lower limb — treatment and management. Z. Orthop. 
Unfall. 2017; 155 (4): 477–498. DOI: 10.1055/s-0042-122394.

17. Yang Y., You X., Cohen J.D., Zhou H., He W., Li Z., 
Xiong Y., Yu T. Sex differences in osteoarthritis pathoge-
nesis: A comprehensive study based on bioinforma-
tics. Med. Sci. Monit. 2020; 26: e923331. DOI: 10.12659/
MSM.923331.

18. Phinyomark A., Osis S.T., Hettinga B.A., Kobsar D., 
Ferber R. Gender differences in gait kinematics for patients 
with knee osteoarthritis. BMC Musculoskelet. Disord. 
2016; 17: 157. DOI: 10.1186/s12891-016-1013-z.

19. Blagojevic M., Jinks C., Jeffery A., Jordan K.P. Risk 
factors for onset of osteoarthritis of the knee in older adults: 
a systematic review and meta-analysis. Osteoarthritis Car-
tilage. 2010; 18 (1): 24–33. DOI: 10.1016/j.joca.2009.08.010.

20. Li D., Li S., Chen Q., Xie X. The prevalence of 
symptomatic knee osteoarthritis in relation to age, sex, 
area, region, and body mass index in China: A systematic 
review and meta-analysis. Front. Med. (Lausanne). 2020; 7: 
304. DOI: 10.3389/fmed.2020.00304.

21. Dietrich W., Haitel A., Holzer G., Huber J.C., Kol-
bus A., Tschugguel W. Estrogen receptor-beta is the pre-
dominant estrogen receptor subtype in normal human syno-
via. J. Soc. Gynecol. Investig. 2006; 13 (7): 512–517. DOI: 
10.1016/j.jsgi.2006.07.002.

22. Kuh D., Cooper R., Moore A., Richards M., Har-
dy R. Age at menopause and lifetime cognition: findings 
from a Bri tish birth cohort study. Neurology. 2018; 90 (19): 
e1673–e1681. DOI: 10.1212/WNL.0000000000005486.

23. Hussain M.A., Lindsay T.F., Mamdani M., Wang X., 
Verma S., Al-Omran M. Sex differences in the outcomes 
of peripheral arterial disease: a population-based cohort 
study. CMAJ Open. 2016; 4 (1): E124–E131. DOI: 10.9778/
cmajo.20150107.

24. Kamrad I., Söderberg B., Örneholm H., Hagberg K. 
SwedeAmp-the Swedish Amputation and Prosthetics Re-
gistry: 8-year data on 5762 patients with lower limb am-
putation show sex differences in amputation level and in 
patient- reported outcome. Acta Orthop. 2020; 91 (4): 464–
470. DOI: 10.1080/17453674.2020.1756101.

25. Murphy L., Schwartz T.A., Helmick C.G., Ren-
ner J.B., Tudor G., Koch G. Lifetime risk of symptomatic 
knee osteoarthritis. Arthritis Rheum. 2008; 59 (9): 1207–
1213. DOI: 10.1002/art.24021.

26. Zhou Z.-Y., Liu Y.-K., Chen H.-L., Liu F. Body 
mass index and knee osteoarthritis risk: a dose-response 

meta-analysis. Obesity. 2014; 22 (10): 2180–2185. DOI: 
10.1002/oby.20835.

27. Landsmeer M.L.A., de Vos B.C., van der Plas P., 
van Middelkoop M., Vroegindeweij D., Bindels P.J.E., 
Oei E.H.G., Bierma-Zeinstra S.M.A., Runhaar J. Effect of 
weight change on progression of knee OA structural fea-
tures assessed by MRI in overweight and obese women. 
Osteoarthritis Cartilage. 2018; 26 (12): 1666–1674. DOI: 
10.1016/j.joca.2018.08.006.

28. Gersing A.S., Schwaiger B.J., Nevitt M.C., 
Zarnowski J., Joseph G.B., Feuerriegel G., Jungmann P.M., 
Guimaraes J.B., Facchetti L., McCulloch C.E., Link T.M. 
Weight loss regimen in obese and overweight indivi duals is 
associated with reduced cartilage degeneration: 96-month 
data from the osteoarthritis initiative. Osteoar thritis Carti-
lage. 2019; 27 (6): 863–870. DOI: 10.1016/j.joca.2019.01.018.

29. Antony B., Jones G., Jin X., Ding C. Do early life 
factors affect the development of knee osteoarthritis in  later 
life: a narrative review. Arthritis Res. Ther. 2016; 18 (1): 
202. DOI: 10.1186/s13075-016-1104-0.

30. Chen L., Zheng J.J.Y., Li G., Yuan J., Ebert J.R., 
Li H., Papadimitriou J., Wang Q., Wood D., Jones C.W., 
Zheng M. Pathogenesis and clinical management of obe-
sity-related knee osteoarthritis: Impact of mechanical loa-
ding. J. Orthop. Translat. 2020; 24: 66–75. DOI: 10.1016/ 
j.jot.2020.05.001.

31. Littman A.J., McFarland L.V., Thompson M.L., 
Bouldin E.D., Arterburn D.E., Majerczyk B.R., Boyko E.J. 
Weight loss intention, dietary behaviors, and barriers 
to die tary change in veterans with lower extremity am-
putations. Disabil. Health J. 2015; 8 (3): 325–335. DOI: 
10.1016/j.dhjo.2014.10.003.

32. Bennell K.L., Wrigley T.V., Hunt M.A., Lim B.W., 
Hinman R.S. Update on the role of muscle in the genesis and 
ma nagement of knee osteoarthritis. Rheum. Dis. Clin. North 
Am. 2013; 39 (1): 145–176. DOI: 10.1016/j.rdc.2012.11.003.

33. Øiestad B.E., Holm I., Gunderson R., Myklebust G., 
Risberg M.A. Quadriceps muscle weakness after anterior 
cruciate ligament reconstruction: a risk factor for knee os-
teoarthritis? Arthritis Care Res. 2010; 62 (12): 1706–1714. 
DOI: 10.1002/acr.20299.

34. Nakagawa K., Maeda M. Associations of knee 
 muscle force, bone malalignment, and knee-joint laxi-
ty with osteoarthritis in elderly people. J. Phys. Ther. Sci. 
2017; 29 (3): 461–464. DOI: 10.1589/jpts.29.461.

35. Muraki S., Akune T., Teraguchi M., Kagotani R., 
Asai Y., Yoshida M., Tokimura F., Tanaka S., Oka H., 
Kawaguchi H., Nakamura K., Yoshimura N. Quadriceps 
muscle strength, radiographic knee osteoarthritis and knee 
pain: the ROAD study. BMC Muscoskel. Disord. 2015; 
16 (1): 305. DOI: 10.1186/s12891-015-0737-5.

36. Culvenor A.G., Segal N.A., Guermazi A., Ro-
emer F., Felson D.T., Nevitt M.C., Lewis C.E., Stefanik J.J. 
Sex-specific influence of quadriceps weakness on wor-
sening patellofemoral and tibiofemoral cartilage damage: 
a prospective cohort study. Arthritis Care Res. (Hoboken). 
2019; 71 (10): 1360–1365. DOI: 10.1002/acr.23773.

37. Hinman R.S., Hunt M.A., Creaby M.W., Wrig-
ley T.V., McManus F.J., Bennell K.L. Hip muscle weakness 
in individuals with medial knee osteoarthritis.  Arthritis 
Care Res. (Hoboken). 2010; 62 (8): 1190–1193. DOI: 10.1002/ 
acr.20199.

38. Sled E.A., Khoja L., Deluzio K.J., Olney S.J., Cul-
ham E.G. Effect of a home program of hip abductor exerci-
ses on knee joint loading, strength, function, and pain in 
 people with knee osteoarthritis: a clinical trial. Phys. Ther. 
2010; 90 (6): 895–904. DOI: 10.2522/ptj.20090294.



7 of 8

Kazan Medical Journal 2021, vol. 102, no. 6

39. Fontes Filho C.H.D.S., Laett C.T., Gavilão U.F., 
Campos J.C.Jr., Alexandre D.J.A., Cossich V.R.A., Sou-
sa E.B. Bodyweight distribution between limbs, muscle 
strength, and proprioception in traumatic transtibial ampu-
tees: a cross-sectional study. Clinics (Sao Paulo). 2021; 76: 
e2486. DOI: 10.6061/clinics/2021/e2486.

40. Lloyd C.H., Stanhope S.J., Davis I.S., Royer T.D. 
Strength asymmetry and osteoarthritis risk factors in 
unilate ral trans-tibial, Amputee Gait. Gait Posture. 2010; 
32 (3): 296–300. DOI: 10.1016/j.gaitpost.2010.05.003.

41. Esposito E.R., Miller R.H. Maintenance of  muscle 
strength retains a normal metabolic cost in simulated wal-
king after transtibial limb loss. PLoS One. 2018; 13 (1): 
e0191310. DOI: 10.1371/journal.pone.0191310.

42. Nolan L. A training programme to improve hip 
strength in persons with lower limb amputation. J. Rehabil. 
Med. 2012; 44 (3): 241–248. DOI: 10.2340/16501977-0921.

43. Zhang X., Pan X., Deng L., Fu W. Relationship be-
tween knee muscle strength and fat/muscle mass in elder-
ly women with knee osteoarthritis based on dual-energy 
X-ray absorptiometry. Int. J. Environ. Res. Public Health. 
2020; 17 (2): 573. DOI: 10.3390/ijerph17020573.

44. Lefèvre-Colau M.M., Nguyen C., Haddad R., Dela-
marche P., Paris G., Palazzo C., Poiraudeau S., Rannou F., 
Roren A. Is physical activity, practiced as recommen ded for 
health benefit, a risk factor for osteoarthritis? Ann. Phys. 
Rehabil. Med. 2016; 59 (3): 196–206. DOI: 10.1016/j.rehab. 
2016.02.007.

45. Regnaux J.P., Lefevre Colau M.M., Trinquart L., 
Ngu yen C., Boutron I., Brosseau L., Ravaud P. High-in-
tensity versus low-intensity physical activity or exercise in 
people with hip or knee osteoarthritis. Cochrane Database 
Syst. Rev. 2015; (10): CD010203. DOI: 10.1002/14651858.
CD010203.pub2.

46. Halilaj E., Hastie T.J., Gold G.E., Delp S.L. Phy sical 
activity is associated with changes in knee cartilage micro-
structure. Osteoarthritis Cartilage. 2018; 26 (6): 770–774. 
DOI: 10.1016/j.joca.2018.03.009.

47. Nomura M., Sakitani N., Iwasawa H., Kohara Y., 
Takano S., Wakimoto Y., Kuroki H., Moriyama H. Thin-
ning of articular cartilage after joint unloading or immo-
bilization. An experimental investigation of the pathogene-
sis in mice. Osteoarthritis Cartilage. 2017; 25 (5): 727–736. 
DOI: 10.1016/j.joca.2016.11.013.

48. Campbell T.M., Reilly K., Laneuville O., 
Uhthoff H., Trudel G. Bone replaces articular cartilage in 
the rat knee joint after prolonged immobilization. Bone. 
2018; 106: 42–51. DOI: 10.1016/j.bone.2017.09.018.

49. Soutakbar H., Lamb S.E., Silman A.J. The different 
influence of high levels of physical activity on the incidence 
of knee OA in overweight and obese men and  women —  
a gender specific analysis. Osteoarthritis Cartilage. 2019; 
27 (10): 1430–1436. DOI: 10.1016/j.joca.2019.05.025.

50. Bricca А., Wirth W., Juhl C.B., Kemnitz J., Hun-
ter D.J., Kwoh C.K., Eckstein F., Culvenor A.G. Moderate 
physical activity may prevent cartilage loss in women with 
knee osteoarthritis: data from the Osteoarthritis Initiative. 
Arthritis Care Res. (Hoboken). 2019; 71 (2): 221–226. DOI: 
10.1002/acr.23791.

51. Nagao M., Ishijima M., Kaneko H., Takazawa Y., 
Ikeda H., Kaneko K. Physical activity for knee osteoarthri-
tis. Clin. Calcium. 2017; 27 (1): 25–30. PMID: 28017942.

52. Wallace I.J., Worthington S., Felson D.T., Jur-
main R.D., Wren K.T., Maijanen H., Woods R.J., Lieber-
man D.E. Knee osteoarthritis has doubled in prevalence 
since the mid-20th century. Proc. Natl. Acad. Sci. USA. 
2017; 114 (35): 9332–9336. DOI: 10.1073/pnas.1703856114.

53. Hafer J.F., Kent J.A., Boyer K.A. Physical activi-
ty and age-related biomechanical risk factors for knee os-
teoarthritis. Gait Posture. 2019; 70: 24–29. DOI: 10.1016/j.
gaitpost.2019.02.008.

54. Seedhom B.B. Conditioning of cartilage during nor-
mal activities is an important factor in the development 
of osteoarthritis. Rheumatology. 2006; 45: 146–149. DOI: 
10.1093/rheumatology/kei197.

55. Munukka M., Waller B., Rantalainen T., Häkki-
nen A., Nieminen M.T., Lammentausta E., Kujala U.M., 
Paloneva J., Sipilä S., Peuna A., Kautiainen H., Selänne H., 
Kiviranta I., Heinonen A. Efficacy of progressive aquatic 
resistance trai ning for tibiofemoral cartilage in postmeno-
pausal women with mild knee osteoarthritis: a randomised 
controlled trial. Osteoarthritis Cartilage. 2016; 24 (10): 
1708–1717. DOI: 10.1016/j.joca.2016.05.007.

56. Koli J., Multanen J., Kujala U.M., Häkkinen A., 
Nieminen M.T., Kautiainen H., Lammentausta E., Jämsä T., 
Ahola R., Selänne H., Kiviranta I., Heinonen A. Effects of 
exercise on patellar cartilage in women with mild knee os-
teoarthritis. Med. Sci. Sports Exerc. 2015; 47 (9): 1767–
1774. DOI: 10.1249/MSS.0000000000000629.

57. McAlindon T.E., Bannuru R.R., Sullivan M.C., Ar-
den N.K., Berenbaum F., Bierma-Zeinstra S.M., Haw-
ker G.A., Henrotin Y., Hunter D.J., Kawaguchi H., 
Kwoh K., Lohmander S., Rannou F., Roos E.M., Under-
wood M. OARSI guidelines for the non-surgical manage-
ment of knee osteoarthritis. Osteoarthritis Cartilage. 2014; 
22 (3): 363–388. DOI: 10.1016/j.joca.2014.01.003.

58. Bussmann J.B., Grootscholten E.A., Stam H.J. Dai-
ly physical activity and heart rate response in people with 
a unilateral transtibial amputation for vascular disease. 
Arch. Phys. Med. Rehabil. 2004; 85 (2): 240–244. DOI: 
10.1016/s0003-9993 (03) 00485-4.

59. Miller R.H., Krupenevich R.L., Pruziner A.L., 
Wolf E.J., Schnall B.L. Medial knee joint contact force in 
the intact limb during walking in recently ambulatory ser-
vice members with unilateral limb loss: a cross-sectional 
study. Peer J. 2017; 5: e2960. DOI: 10.7717/peerj.2960.

60. Bragaru M., Dekker R., Geertzen J., Dijkstra P. 
Amputees and sports a systematic review. Sports Med. 
2011; 41 (9): 721–740. DOI: 10.2165/11590420-000000000-
00000.

61. Watt F.E., Corp N., Kingsbury S.R., Frobell R., En-
glund M., Felson D.T., Levesque M., Majumdar S., Wil-
son C., Beard D.J., Lohmander L.S., Kraus V.B., Roe-
mer F., Conaghan P.G., Mason D.J. Towards prevention of 
post-traumatic osteoarthritis: report from an international 
expert wor king group on considerations for the design and 
conduct of interventional studies following acute knee in-
jury. Osteoarthritis Cartilage. 2019; 27 (1): 23–33. DOI: 
10.1016/j.joca.2018.08.001.

62. Driban J.B., Eaton C.B., Lo G.H., Ward R.J., Lu B., 
McAlindon T.E. Association of knee injuries with accele-
rated knee osteoarthritis progression: data from the osteo-
arthritis initiative. Arthritis Care Res. 2014; 66 (11): 1673–
1679. DOI: 10.1002/acr.22359.

63. Riordan E.A., Little C., Hunter D. Pathogenesis of 
post-traumatic OA with a view to intervention. Best Prac-
tic Res. Clin. Rheumatol. 2014; 28 (1): 17–30. DOI: 10.1016/ 
j.berh.2014.02.001.

64. Friel N.A., Chu C.R. The role of ACL injury in 
the development of posttraumatic knee osteoarthritis. 
Clin. Sports Med. 2013; 32 (1): 1–12. DOI: 10.1016/j.csm. 
2012.08.017.

65. Luc B., Gribble P.A., Pietrosimone B.G. Osteoarthri-
tis prevalence following anterior cruciate ligament recon-



8 of 8

Review

struction: a systematic review and numbers-needed-to-treat 
analysis. J. Athl. Train. 2014; 49 (6): 806–819. DOI: 10.4085/ 
1062-6050-49.3.35.

66. Jones M.H., Spindler K.P. Risk factors for radiogra-
phic joint space narrowing and patient reported outcomes 
of post-traumatic osteoarthritis after ACL reconstruction: 
data from the MOON cohort. J. Orthop. Res. 2017; 35 (7): 
1366–1374. DOI: 10.1002/jor.23557.

67. Narez G.E., Fischenich K.M., Donahue T.L.H. 
Expe rimental animal models of post-traumatic osteoarthri-
tis of the knee. Orthop. Rev. (Pavia). 2020; 12 (2): 8448. 
DOI: 10.4081/or.2020.8448.

68. Lattermann C., Jacobs C.A., Bunnell M.P., Jochim-
sen K.N., Abt J.P., Reinke E.K. Logistical challenges and 
design considerations for studies using acute anterior cruci-
ate ligament injury as a potential model for early posttrau-
matic osteoarthritis. J. Orthop. Res.: Official Publication of 
the Orthopaedic Research Society. 2017; 35 (3): 641–650. 
DOI: 10.1002/jor.23329.

69. Dare D., Rodeo S. Mechanisms of post-trauma-
tic osteoarthritis after ACL injury. Curr. Rheumatol. Rep. 
2014; 16 (10): 448. DOI: 10.1007/s11926-014-0448-1.

70. Wang L.J., Zeng N., Yan Z.P., Li J.T., Ni G.X. 
Post-traumatic osteoarthritis following ACL injury. Arthritis 
Res. Ther. 2020; 22 (1): 57. DOI: 10.1186/s13075-020-02156-5.

71. Low E.E., Inkellis E., Morshed S. Complications and 
revision amputation following trauma-related  lower limb 
loss. Injury. 2017; 48 (2): 364–370. DOI: 10.1016/j.injury. 
2016.11.019.

72. Kobayashi L., Inaba K., Barmparas G., Criscuo-
li M., Lustenberger T., Talving P., Lam L., Demetriades D. 
Trauma tic limb amputations at a level I trauma center. Eur. 
J. Trauma Emerg. Surg. Off Publ. Eur. Trauma Soc. 2011; 
37 (1): 67–72. DOI: 10.1007/s00068-010-0011-3.

73. Kesikburun S., Köroğlu Ö., Yaşar E., Güzelküçük Ü., 
Yazcoğlu K., Tan A.K. Comparison of intact knee carti-

lage thickness in patients with traumatic lower extremi-
ty amputation and nonimpaired individuals. Am. J. Phys. 
Med. Rehabil. 2015; 94 (8): 602–608. DOI: 10.1097/PHM. 
0000000000000216.

74. Hensor E.M., Dube B., Kingsbury S.R., Tennant A., 
Conaghan P.G. Toward a clinical definition of early osteoar-
thritis: onset of patientreported knee pain begins on stairs. 
Data from the osteoarthritis initiative. Arthritis Care Res. 
(Hoboken). 2015; 67 (1): 40–47. DOI: 10.1002/acr.22418.

75. Conaghan P.G., D’Agostino M.A., LeBars M., Ba-
ron G., Schmidely N., Wakefield R., Ravaud P., Grassi W., 
Martin-Mola E., So A., Backhaus M., Malaise M., Eme-
ry P., Dougados M. Clinical and ultrasonagra phic predictors 
of joint replacement for knee osteoarthritis: results from 
a large, 3-year prospective EULAR study. Ann. Rheum. 
Dis. 2010; 69 (4): 644–647. DOI: 10.1136/ard.2008.099564.

76. Norvell D.C., Czerniecki J.M., Reiber G.E., May-
nard C., Pecoraro J.A., Weiss N.S. The prevalence of knee 
pain and symptomatic knee osteoarthritis among vete-
ran traumatic amputees and nonamputees. Arch. Phys. 
Med. Rehabil. 2005; 86 (3): 487–493. DOI: 10.1016/j.apmr. 
2004.04.034.

77. Beisheim E.H., Seth M., Horne J.R., Hicks G.E., 
Pohlig R.T., Sions J.M. Sex-specific differences in multisite 
pain presentation among adults with lower-limb loss. Pain 
Pract. 2021; 21 (4): 419–427. DOI: 10.1111/papr.12969.

78. Kwak C.-J., Kim Y.L., Lee S.M. Effects of elas-
tic-band resistance exercise on balance, mobility and gait 
function, fle xibility and fall efficacy in elderly people. 
J. Phys. Ther. Sci. 2016; 28 (11): 3189–3196. DOI: 10.1589/
jpts.28.3189.

79. Major M.J., Fey N.P. Considering passive mecha-
nical properties and patient user motor performance in 
 lower limb prosthesis design optimization to enhance reha-
bilitation outcomes. Phys. Ther. Rev. 2017; 22 (3–4): 1–15. 
DOI: 10.1080/10833196.2017.1346033.


