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Aim. The aim of this study is to learn the effect of the age on degenerative knee joint disease
and physical capability of elderly women. Materials and methods. Three groups of relatively
healthy elderly women (Gl — 60—64 years (n = 34), G2 — 65-69 years (n = 31) and G3 —
70-74 years (n = 18)) participated in the study. The functional status of the knee joint (pain, limi-
tation of motion, physical functionality) was estimated with the help of WOMAC index. Physical
performance in women was studied with the help of three functional tests. Pain in the knee joint
before and after the tests was assessed with the help of the Numeric Pain Rating Scale (NPRS).
Statistical data were processed with the help of Statistica 10 and IBM SPSS22. Results. Pain and
stiffness in the knee joint in elderly women increased significantly with age while physical func-
tionality decreased (p < 0.01). Correlations were established between “age/pain” — (r = 0.581),
“age/stiffness” — (r = 0.565) and “age/physical functionality” — (r = 0.666) indices, p < 0.01.
Authentic changes of the pain index were revealed in the knee joint during physical activity. Cor-
relation analysis showed a clearly defined dependence between the level of physical capability in
women and their age. Conclusion. The data obtained prove that the age of elderly women is one
of the main factors influencing their functional capability. The age also is one of the factors in-
fluencing the progression of functional and degenerative disorders in the knee joint.
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Introduction. Functional disorders of the
knee joint have major influence on the level of
physical activity and working capability of elderly
people [14]. The functional integrity of the knee
joint and its structural elements influences not
only physical capability and physical activity but
also the quality of human life on the whole. One
of the main factors of well-being of elderly
people is the capability to lead a healthy life.
The majority of experts share the view that the
main component of such a life is maintaining
the optimal level of physical activity in all forms
of its expression [8, 11]. The capability of a per-
son to maintain the necessary level of functional
independence is becoming lower with age, essen-
tial blood supply and oxygenation of skeletal
muscles decrease, the strength and the speed of
their contraction decrease [2], brittleness of the
bones increases, joint mobility increases leading
to the change of a rational stereotype of limb
movement on the whole. Thus, there are changes
of a movement stereotype, which affect physical
qualities and recovery of complex movements [7].

Interest to the question of maintaining phy-
sical activity is affirmed by the results of many
studies conducted in Russia [10] and abroad [1].
It is known that elderly people spend up to 86%
of their time sitting, and about 57% of elderly

people cannot return to the previous level of
physical activity [9]. Functional and degenerative
disorders of the knee joint concern up to 10% of
people over 60 years old [4]. Women are more in
danger of functional and degenerative disorders
in the knee joints than men [6], especially in
extreme conditions of the Russian north [5].
The functional correction of the locomotion sys-
tem in elderly people is a complicated and multi-
faceted problem, which cannot be solved without
searching the functional features of its separate
elements, especially against the increase in the
number of elderly people [16] and their incapaci-
tation [13].

Materials and methods. Relatively healthy
elderly women aged from 60 to 74 years partici-
pated in the study. All participants were selected
according to the inclusion and exclusion criteria
(Table 1).

Using these criteria, we divided the partici-
pants into three research groups: group 1 —
60-64 years (n = 34), group 2 — 65-69 years
(n = 31) and group 3 — 70-74 years (n = 18)
(Table 2). All participants (n = 83) did not have
contraindications to the exercise stress at the
moment of the research and gave voluntary writ-
ten informed consent approved by the Ethics
Committee of the Surgut State University.
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Inclusion and exclusion criteria

Table 1

Inclusion Criteria

Exclusion Criteria

1. Age: 60-74 years.
2. Capability of moving without using assistive devices.
3. Capability of standing up from a chair for no less

1. Neurological conditions or diseases of the locomotor
system, which can influence the results of the research.
2. Diseases of the extensor mechanism of the knee.

than 5 times without using hands

3. Anesthetic apparatus and/or injections

Table 2
Characteristics of the sample (M * o)
Characteristic Group 1,n=34 Group 2, n =31 Group 3,n=18

Age, years 60—-64 65-69 70-74

Average age, years 62,1+1,4 663 +1,2 71,7+ 1,3
Body length, cm 166,4 1,7 1653+ 14 163,5+13
Body mass, kg 63,7+ 1,5 69,1 +£1,7 68,2+ 1,7
Body Mass Index, kg/m” 231402 258+0,3 25.6+0,3

The functional status of the knee joint was
assessed using WOMAC index [15] (Nicholas
Bellamy, Queensland, Australia). This index con-
tains 24 criteria, which are divided into 3 subs-
cales — joint pain (5 criteria), stiffness (2 criteria)
and physical function (17 criteria). Low values of
the criteria characterize a lower intensity of pain
and stiffness in the joint during exercise and
a higher level of functional performance.

Three physical performance tests were con-
ducted, the timed up and go test (TUG), the 6-
minute walk (6MW) and sit to stand test (STS).
The TUG identifies the level of functional mo-
bility and is considered as reliable and valid in
community-dwelling older adults. It is a timed
measure of a person’s ability to stand from a chair,
walk three meters, turn 180 degrees, return to the
chair and sit down. The 6MW defines the capa-
bility of a person to move independently when
during a definite time it is necessary to walk at
the greatest possible distance. The STS test re-
quires the participant to stand up from the chair,
the height of which is regulated at the level of
110% from knee height, with hands crossed at

the level of the chest. Before and after the tests
the intensity of knee joint pain was measured.
Pain was estimated with the help of Numeric
Pain Rating Scale (NPRS) with a 10-point scale,
where 10 = exquisite pain, 0 = no pain. The par-
ticipants of the research were asked to choose
a number on the scale to describe the intensity of
pain feeling at the moment.

Statistical analysis was performed using Sta-
tistica 10 (StatSoft Ink, USA) and IBM SPSS 22
(IBM, USA). The normality of distribution was
tested by the Shapiro-Wilk and Kolmogorov-
Smirnov tests. To estimate the confidence level
between groups, we used the Wilcoxon signed-
rank test. Independent samples t-tests were used
to analyze differences between groups for the
TUG, 6MW and STS tests. The level of statistical
significance was established at p < 0.05.

Results. Table 3 shows the results of analy-
sis on the effect of age on the functional indices
of the knee joint in elderly women.

It was established that pain and stiffness in
the knee joint in elderly women increased signifi-
cantly with age while physical functionality

Table 3
Knee pain, stiffness, and physical function, WOMAC score in mm (M, 95% Cl)
g ok — p — p — p
Criterion Gl,n=34 G1-G2 G2,n=31 G2-G3 G3,n=18 G1-G3
WOMAC, 8,1 11,2 16,4
pain (7,1,9,1) 0.0010 1 97126 | 00U | (132,197 | 0000
WOMAUC, stiffness 6,1 0,0833 7,2 0,0001 10.4 0,0000
' (4.9;7.1) ’ (6.4; 8,0) . (8,8; 12,1) '
WOMAUC, physical 51,2 83,8 84,2
function (45,5; 56,9) 0,0000 (79,4; 88,3) 0,9940 (72,5; 95,2) 0,0000

Note. * — WOMAC pain subscale, possible score 0-500 mm; WOMAC stiffness subscale, possible score
0-200 mm; WOMAC physical function subscale, possible score 0—1700 mm.
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decreased (p < 0.01). Most often correlation is
established between the age and physical func-
tion subscale (r = 0.666; p < 0.01) (Fig. 1).
Correlation between age-pain (Fig. 2) and
age-stiffness (Fig. 3) indices had a less pro-
nounced character of r = 0.581 and r = 0.565 re-
spectively (p < 0.01). However, the dependence

of these characteristics shows an essential inf-
luence of age on the functional condition of
the knee in elderly women. The data obtained
provide a strong evidence that the age of elderly
women is one of the main factors influencing the
progression of functional disorders in the knee
joint.

Physical function, score vs. Age, years
Age, years = 57,813 + 11308 * Physical function
Correlation: r = 66649
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Pain, score vs. Age, years
Age, years = 61,062 + 42590 * Pain
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Fig. 2. Correlation between the age and pain subscale, (M, 95% ClI)
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Age, years = 60,737 + 67879 * Stiffness
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Fig. 3. Correlation between the age and stiffness subscale (M, 95% CI)

Table 4

Knee pain severity, pretest-posttest change, Numeric Pain Rating Scale (NPRS), points (M, 95% CI)

Knee Pain Severity,

Minimum pain

Maximum pain

Measure M, 95% CI p for the last 24 hours for the last 24 hours
Group 1: 60—64 years (n = 34)
Pretest TUG 1,35 (1,12; 1,57)
Post-test TUG 1,91 (1,63; 2,18) 0,0005
Pretest 6MW 1,38 (1,15; 1,60) 0.0003 0,53 2,18
Post-test 6MW 0,82 (0,50; 1,13) ’ (0,21; 0,85) (1,87;2,48)
Pretest STS 1,41 (1,16; 1,65)
Post-test STS 1,85 (1,48;2,21) 0,0037
Group 2: 65-69 years (n = 31)
Pretest TUG 1,54 (1,26; 1,82) 0.2924
Post-test TUG 1,58 (1,22; 1,93) ’
Pretest 6MW 1,45 (1,15; 1,74) 0.0009 0,68 2,57
Post-test 6MW 0,96 (0,63; 1,30) ’ (0,35; 1,02) (2,14;2,97)*
Pretest STS 1,29 (1,01; 1,56) 0,0002

Post-test STS

1,93 (1,60; 2,26)

Group 3: 70-74 years (n = 18)

Pretest TUG 1,88 (1,25; 2,52) 0.5785
Post-test TUG 1,94 (1,21; 2,67) ’
Pretest 6MW 2,16 (1,74; 2,59) 0.0008
Post-test 6MW 1,11 (0,54; 1,67) ’
Pretest STS 2,05 (1,65; 2,45) 0.0204

Post-test STS

2,61 (1,99; 3,22)

1,02
(0,74; 1,41)"

4,26
(3,83; 4,75

Note. Numeric pain rating scale (NPRS) — possible score for all tests = 0—10 points; x — average value of pain
for the last 24 hours; * — significant difference between G1 and G2, * — significant difference between G2 and G3;

p <0.05.

While studying the effect of the age on pain
intensity during physical activity we received the
following results. Statistical analysis showed a

significant upward and downward change in in-
dicators of knee joint pain before and after physi-
cal exertion (Table 4).
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Table 5
Characteristic value of physical performance tests, (M, 95% Cl)

Test GlLn=34 | P | G2n=31 oGy | Gn=18 | P
TUG, s (6,62,;8;,04) 0,229 (7,279,;576,82) 0,185 (8,2%;7;,21) 0,015
6MW, m (576?38;83199,9) 0,088 (539??;83657,6) 0,244 (517?22;63636,1) 0,013
STS, s (1,619,;711 74 | 0193 (1,8}),;8?,87) 0,077 (1,931’;021,08) 0,002

In group 1 (60—64 years), significant changes
were recorded after each test (p < 0.01). Howev-
er, if in TUG and STS tests indices of pain inten-
sity demonstrated an increase (p < 0.01), after
6MW test pain decrease was recorded (p < 0.01).
In G1 and G2 significant changes were recorded
in 6MW and STS tests (p < 0.01), where the
same tendency as in Gl was found — pain in-
crease after STS test and pain decrease after
6MW test. However, it is worth noting that the
TUG test did not change significantly the index
of pain in G2 and G3 — p =0.29 and p = 0.57 re-
spectively. However, in Gl, its significant in-
crease was recorded (p < 0.01).

The data obtained show that the most ex-
pressive growth of pain in the knee joint was rec-
orded after the STS test. The difference in ex-
pression of pain in TUG and 6MW test compared
to the STS test can be explained by the differenc-
es in their procedures. During the TUG test, we
allowed the participants to use hands in order
to help themselves to stand up, while during the
STS test, hands of the participants were strictly
in the crossed position at the level of the chest.
The angles of the knee joint when transiting from
the sitting to standing position are the least bene-
ficial. The compression load on the joint arising
from standing and squatting movements occurs at
angles less than 60 degrees [12], which makes it
much more difficult to cope with the load on the
joint, and the resulting compression causes pain.
We believe that walking in this situation is not so
much a factor affecting the occurrence of pain in
the joint as a factor due to which a number of
albeit short-term but positive changes occur —
the work of the respiratory and cardiovascular
systems improves blood circulation and nutrient
delivery to the bone and cartilage of the joint;
the tone of muscles increases as well as the total
range of motion in the joint [3].

Table 5 shows the indices of physical per-
formance tests. The results clearly demonstrate

that the “age” factor has a significant impact on
the level of physical performance of the tested
women. According to the indicators of the three
studied groups, the dynamics of a decrease in the
functional indicators of the subjects can be traced,
and if there are no significant differences be-
tween adjacent groups (G1-G2 and G2-G3
(p > 0.05)), then between G1-G3 groups statisti-
cally significant differences were recorded in re-
lation to all functional tests - TUG (p = 0.015),
6MW (p = 0.013), STS (p = 0.002). Correlation
analysis (Fig. 4A, B, C) also showed a pro-
nounced dependence between women's physical
performance and their age (6MW, r = —0.667;
TUG, r=0.734; STS, r=0.781).

Conclusion. Knee joint impairments are
mainly represented by changes that appear at the
beginning with minimal signs, but eventually
progress to more complex pathological condi-
tions. The main functional degenerative disorders
include joint pain, limitation of its mobility, de-
creased trophism of soft periarticular tissues and
their diseases.

Capability of a person to maintain optimal
level of physical activity depends largely on the
functional status of the locomotor system and its
separate structural elements. The malfunction of
the knee joint leads to a change in a balanced ste-
reotype of movement thereby the position of a
person becomes less stable. The increase of the
number of movements in the knee joint aimed at
its stabilization results in a compressive stress of
the kneecap that becomes the reason of pain and
decline of motions in the joint.

Estimation of the knee pain severity, de-
cline of motions and level of physical perfor-
mance in elderly women allow obtaining new
data about the age dynamics of functional
and degenerative disorders in the knee joint.
The data obtained confirm that the age of elder-
ly women is one of the main factors influencing
their functional status.
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It was established that the age is also one
of the key factors influencing the progression of
functional and degenerative disorders in the
knee joint, which are not only accompanied by
the increase of pain and stiffness but also have
a great impact on functional capabilities in el-
derly women.

The functional assessment of the knee joint

of physical activity enhancement and correction
of the knee joint function in elderly women.

The article was made with the assistance of
the Department for Education and Youth Policy
in the Khanty-Mansi Autonomous Region — Yugra
(project “Elaboration and implementation of new
technology solutions for physical activity and health
optimization, establishment of laws of body response

and level of physical performance will contribute

) . . on physical exertion of different modality in the con-
to preparing and implementing the programs

ditions of KHMAO - Yugra”).
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BO3PACTHbIE OCOBEHHOCTU ®YHKLUMUOHAIIBHOI'O
COCTOAHUA KONEHHOIO CYCTABA N YPOBHA
PU3INYECKOUN PABOTOCMNOCOBHOCTU NOXUIbIX XXEHLLUH

P.O. Conodunos
Cypaymckuti 2ocydapcmeeHHbIlU yHusepcumem, 2. Cypaym, Poccus

Heanb. M3yunts BO3pacTHYIO AMHAMUKY Pa3BUTUS (DYHKIIMOHAIBHBIX U JET€HEPAaTHBHBIX Ha-
pYLIEHHH KOJEHHOTO CYCTaBa M YPOBHS (pU3MUECKON pabOTOCTIOCOOHOCTH KEHIIMH MOKHIIOTO
Bo3pacta. MaTepuaabl U MeTOAbl. B uccienoBaHuM NpUHSIIM y4acTUE TPU TPYIIBI OTHOCHU-
TETBHO 30POBBIX JKEHIMUH Mmokmioro Bospacta (I'l — 60—64 ner (n = 34), I'2 — 65-69 et
(n=31)uIl3-70-74 ner (n = 18)). C nomomsto nuaekca WOMAC oueHusn GyHKIIMOHAIBHOE
COCTOSTHHE KOJICHHOTO cycTaBa (00Jb, OrpaHUuCHNE MOABHKHOCTH, (pr3ndecKyto (pyHKIHOHAIb-
HocTb). [Ipn momomnm Tpex GyHKIMOHAIBHBIX TECTOB MIPOBEIH OLCHKY YPOBHsI (DM3MUYECKOH pa-
60TOCTIOCOOHOCTH KEHIIMH. [0 ¥ TIocie MPOBEAEHUS TECTOB C MTOMOIIBI0 ITU(YPOBON PEHTHHTO-
BOW MIKaJIbI OOJIM MPOBOJMIIM OLIEHKY OOJIM B KOJICHHOM cycTase. Pe3ynbrarthl. [lokazarenu nn-
TEHCUBHOCTH OOJIM M TYTOIIOJBIKHOCTH B KOJICHHOM CYCTaBE y MOKHJIBIX JKECHIINH C BO3PACTOM
JIOCTOBEPHO YBEJIMUMBAIINCH, B TO BpeMsl KaK ypOBEHb (pU3NYECKOW (DYHKIMOHAIBHOCTH IaJiall
(p < 0,01). YcraHoBiEeHBI KOPPENSIMOHHBIE 3aBUCHMOCTH MEXIY IMOKa3aTeISIMH «BO3PACT —
6ouby (r = 0,581), «Bo3pacT — TyromnoBmKHOCTEY (r = 0,565) u «Bo3pact — ¢usnueckas QpyHk-
IUOHANBHOCTEY (r = 0,660), p < 0,01. YcTaHOBIEHBI TOCTOBEPHBIC M3MEHEHHUS ITOKA3aTeIsl OOIH
B KOJIGHHOM CYCTaBe IPU BBINOJHEHUH (HU3M4YecKol Harpy3ku. KoppensiuoHHbIN aHaIu3 MoKa-
3aJ1 YETKO BBIPAKCHHYIO 3aBHCUMOCTBH YPOBHS (PU3UUECKOIT pPabOTOCTIOCOOHOCTH KEHIINH OT HX
Bo3pacTa. 3akiarouyeHnue. [lomydeHHble TaHHBIE CBUAETENBCTBYIOT, YTO BO3PACT y IOXKUIBIX
XKEHIIMH SIBJISIETCS. OAHUM M3 (PAKTOPOB, BIMSIONIMX Ha MpOrpeccupoBaHue (pyHKIHMOHAIBHO-
JIeTeHEePaTHBHBIX HAPYILIECHUH B KOJIEHHOM cycraBe. [lonTBepkaéH (akT Toro, 4To BO3pact oka-
3bIBAET HEIIOCPE/ICTBEHHOE BIMSHIE HA (DYHKIIMOHAIBHBIE BO3ZMOXKHOCTH MOXKHIIBIX SKEHIIHH.

Kniouesvle cnosa: nodcunvie dcenujunvl, KOIeHHbI Cycmas, Qusuveckas pabomocnocoo-
HOCMb.
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