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Extended Abstract

Background and Purpose

In the elderly with knee osteoarthritis, postural fluctuations and the risk of falling increase
significantly (1). Elderly individuals suffering from knee osteoarthritis often experience
pronounced postural instability and an elevated risk of falls. [ Therefore, improving balance and
reducing pain in these individuals is an effective strategy to mitigate fall risk (2).] Consequently,
interventions aimed at enhancing balance and alleviating pain are critical methods for fall
prevention. Many exercises have been proposed to improve balance and thus reduce fall
incidence. Various forms of exercise are recognized to bolster balance and diminish fall-related
risks.

However, arthritis pain frequently hinders patients’ ability to pursue and benefit from exercising
(2). Nonetheless, pain associated with arthritis often undermines exercise adherence and
effectiveness. Exercising in water is more suitable for individuals with musculoskeletal problems
than land-based exercise. Aquatic exercise offers an advantageous alternative, providing a
supportive environment particularly beneficial for those with musculoskeletal limitations. This is
because as water depth increases, joint load and pain sensation decrease (3). Increasing immersion
depth reduces joint loading and pain perception.

However, as water depth increases, if the foot loses contact with the pool floor, proprioceptive
input diminishes, weakening balance-related sensory feedback. Yet, in deeper water, lack of foot-
ground contact diminishes proprioceptive cues essential for postural control and fall
prevention. This proprioceptive perception is vital for maintaining balance and decreasing fall
risk. The integrity of proprioception is paramount in sustaining postural stability.
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Hence, the fundamental question arises: which water depth maximizes improvements in balance,
fall risk reduction, and pain alleviation? Therefore, identifying the optimal pool depth for
maximizing therapeutic benefits on balance, fall risk, and pain is crucial. Water depth influences
training efficacy through variables such as gravity, hydrostatic pressure, and exercise chain
configurations (open or closed) (4). Training parameters, including gravitational forces,
hydrostatic pressure, and kinetic chain characteristics, vary with water depth and impact
outcomes.

Accordingly, the purpose of this research was to investigate the effects of training in two water
depths—shallow water, where the feet maintain contact with the pool floor, and deep water, where
feet do not touch the bottom—on dynamic balance, fall risk, and pain in elderly women with knee
osteoarthritis. This study compares shallow and deep water exercise effects on dynamic balance,
fall risk, and pain among elderly women afflicted with knee osteoarthritis.

Methods

This semi-experimental, pretest-posttest study involved 43 elderly women aged 55 and older with
chronic knee osteoarthritis of at least eight months duration. A semi-experimental design with
pretest and posttest measurements was used on 43 elderly female participants (age > 55)
diagnosed with chronic knee osteoarthritis of minimum eight months. The intervention lasted 12
weeks with three training sessions per week in two aquatic environments: shallow and deep
water. Participants underwent 12 weeks of aquatic training, thrice weekly, in either shallow or
deep water settings.

After preliminary assessments and informed consent, participants were divided into three groups:
two shallow water exercise groups (14 each), one deep water exercise group (14), and one control
group. Following baseline evaluation and consent, subjects were assigned to three groups: two
shallow water exercise groups (each n=14), one deep water exercise group (n=14), and a control
group.

Dynamic balance, fall risk, and pain were measured using the Star test (5), Berg Balance Scale
(6), and KOOS questionnaire (7), respectively. Outcome measures included the Star Excursion
Balance Test for dynamic balance, the Berg Balance Scale for fall risk assessment, and the KOOS
(Knee Injury and Osteoarthritis Outcome Score) for pain evaluation.

Data analysis employed a 2 (time: pretest/posttest) x 3 (group: shallow water/deep water/control)
repeated-measures ANOVA with LSD post hoc tests at a significance level of p <0.05. Statistical
analyses were conducted via repeated-measures ANOVA (2 x 3 design) with LSD post hoc tests,
maintaining an alpha of 0.05.

[SPSS version 26 was used for all statistical analyses. All analyses utilized SPSS version 26.

Results
Table 1 presents the demographic characteristics of participants across groups.

Table 1. Descriptive statistics related to the individual characteristics of the subjects by groups

Groups
Variables _ Deep-water Control
Shallow-water (n=14) (n=14) (n=14)
Age (year) 62.41+5.16 63.11 +£5.37 63.41 £5.16
Height (cm) 154.92 + 4.63 155.22 +4.03 154.85 £3.99
Weight (kg) 59.84 £ 10.45 61.03+11.20 60.13 #10.86
Body —mass index 51,3096 26.11 + 4.09 25.83 421
(kg/m?)
fat percentage (%) 30.69 +7.24 31.83 £ 6.88 31.17 £7.55
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Table 2 depicts the result of two factor repeated measure ANOV As of main effects (within groups:
aquatic exercise and between groups: depth of water) on dynamic balance, falling risk and pain
were statistically significant.

Table 2. The result of main effects on dynamic balance, falling risk, quality of life, and pain
Y

Variables Source df1 df2 F p 7

Aquatic exercise 1 40 3.06 0.01" 0.08
Depth  (shallow/  deep/

Dynamic Balance 2 40 3.15 0.01" 0.08
control)
Aquatic exercise xDepth 2 40 4.90 0.007* 0.13
Aquatic exercise 1 40 8.72 0.001°** 0.20
Falling risk Depth — (shallow/ deep/ 40 9.39 0.001"*  0.23
control)
Aquatic exercise xDepth 2 40 12.40 0.001™* 0.35
Aquatic exercise 1 40 9.04 0.001"* 0.21
Pain Depth — (shallow/ deep/ 40 9.67 0.001"* 024
control)
Aquatic exercise xDepth 2 40 12.97 0.001™* 0.35

* Significance at p<0.05, **significance at p<0.01, ***significance at p<0.001

Due to the significance of the main effect of water depth, the LSD test was used to perform multiple
comparisons. Results are shown in table 3.

Table 3. The results of LSD test for between groups comparison of dynamic balance, falling risk

and pain.
Variables Groups . Mean Standard P
difference error

. Deep water 3.58 0.89 0.001™*"
Dynamie Shallow water Control 5.58 0.83 0.001°

Deep water Control 2.00 0.90 0.02
o Shallow water Deep water 6.69 0.96 0.001::

Falling risk Control 16.01 0.74 0.001
Deep water Control 9.32 1.08 0.001**
. Shallow water Deep water 7.53 0.78 0.001 ::

Pain Control 17.07 0.54 0.001
Deep water Control 9.54 0.69 0.001**"

*Significance at p<0.05, *** significance at p<0.001

descriptive statistics (Table 1) report participant demographics by group.

Results demonstrated that 12 weeks of aquatic exercise in both shallow and deep water
significantly improved dynamic balance and reduced fall risk and pain. Both shallow and deep
water exercise groups exhibited significant post-intervention improvements in dynamic balance
and reductions in fall risk and pain.

Improvements were more pronounced in the shallow water group compared to the deep water
group. Notably, enhancements were significantly greater for the shallow water group. This
suggests that foot contact with the pool floor facilitates more effective proprioceptive feedback,
stimulating balance mechanisms more robustly than skin receptor stimulation via hydrostatic
pressure alone (3). The presence of foot-floor contact in shallow water likely provides superior
proprioceptive stimulation compared to deep water’s reliance on hydrostatic pressure and
cutaneous receptors.

Shallow water training also yielded greater reductions in fall risk and pain, likely due to more
considerable balance improvements. These superior outcomes in fall risk and pain may be
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mediated by enhanced balance function observed in the shallow water cohort. Improved balance
corrects motor patterns and establishes effective muscle coordination, crucial for postural
stability, thereby reducing pain and fall risk (8). Enhanced postural stability involves coordinated
muscular control, mitigating pain and decreasing susceptibility to falls.

Overall, these findings support the therapeutic efficacy of aquatic exercise, particularly in shallow
water, for elderly individuals with knee osteoarthritis. The results corroborate prior evidence
endorsing water-based therapy and emphasize shallow water exercise’s superiority for this
population.

Keywords: Depth, Falling Risk, Balance, Elderly, Knee Osteoarthritis.

Article Message

Elderly individuals with chronic knee osteoarthritis can benefit significantly from water-based
exercise to improve balance, reduce pain, and lower fall risk. Aquatic exercise provides
substantial benefits for elderly patients with chronic knee osteoarthritis in terms of balance, pain
relief, and fall prevention. Adjusting water depth to chest level, where feet maintain contact with
the pool floor, is more effective than exercising in deep water. Optimizing water depth to allow
foot-floor contact enhances therapeutic outcomes more than training in non-weight-bearing deep
water.
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Table 2- Water exercise protocol
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Table 3- Descriptive statistics related to the individual characteristics of the subjects by groups

Wog 5
Groups B
Jrs G @ GoepS @ Characterisfi
Control Deep water Shallow water aracteristic
m=15) (n=14) n=14)
63.41+£5.16 63.11% 5.37 62.41+5.16 (JLo) om0
Age (year)
154.85+ 3.99 155.22+ 4.03 154.92+ 4.63 (o gil) o
Height (cm)
60.13% 10.86 61.03+11.20 59.84+ 10.45 (p,55L5) &39
Weight (kg)
25.83+4.21 26.11£ 4.09 25.71£ 3.96 (yore p p55kS) oy 009 Lasls
Body Mass Index (kg/m2)
31.17£7.55 31.83+ 6.88 30.69+ 7.24 (1) gy Qo yd
(/) Fat percentage
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Table 4- Descriptive statistics related to the dynamic balance (Percentage of Accessibility) in pre-

test and post-test

Ol et 20y g S

Direction and g o 31l a90)] og,5
percentage of Time of test Direction of the test Groups
changes
RIS 03t
Post-test Pre-test
17.62%7 3.62+¢37.18  3.21#31.61 Anteromedial J5ls- ol
17.12%1 2.98+38.72 3.60+33.06 Anterior .l
14.44%1 3.79+37.96 4.02+33.17 Anterolateral > - ol
17.15%1 3.84+35.59  4.09+30.38 Lateral .= )
18.37%1 4.01433.38  4.36£28.20 Posterolateral _» 15— als GospS |
) Shallow water
22.21%1 3.62+34.45 3.76x28.19 Posterior _al>
14.82%1 4.13+3424  3.61£29.82 Posteromedial J>ls- al>
14.79%1 3.81+32.06 4.04+27.93 Medial sl
17.01%1 3.94%35.44  3.94+30.29 Total _Is _asls
11.90%7 3.07+33.48  3.56%29.92 Anteromedial 5ls- ool
4.30%1 3.29+35.19  3.82433.74 Anterior s
3.82%1 3.02434.22  3.89%32.96 Anterolateral > 15— la
4.17%1 3.48+31.23 4.12+29.98 Lateral ., )
4.27%1 29442712 3.78+26.01 Posterolateral o >l Seos
. . Deep water
3.63%7 3.18+32.26  3.92#31.13 Posterior _al>
2.74%1 2.93+31.09  3.59£30.26 Posteromedial lsls- als
4.55%7 3.42£30.34  4.13+29.02 Medial _sls
4.89%7 3.45£31.86  3.97+30.82 Total IS jasls
0.72%), 4.23+31.84  4.11£32.07 Anteromedial s> ola
2.07%| 3.86+31.23 3.72£31.89 Anterior 3
2.23%) 4.03£31.98  3.93132.71 Anterolateral = ,l5- ol
3.24%] 3.97+28.05  4.15%28.99 Lateral >
2.20%] 3.85£28.80  4.06:29.54  Posterolateral s il Js
1.81%] 3.0142932  3.74429.86 Posterior L Control
3.49%] 3.47+29.31  3.05£30.37 Posteromedial 5ls- al>
2.58%)| 4.83+28.27 4.63%£29.02 Medial sl
2.67%) 4.42429.86  4.39+30.68 Total s asls
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Table 5- Descriptive statistics related to the risk of falling and pain in pre-test and post-test
Oyt w0y g S

W g yus 0 10 aog ,§
Direction and
s lb Qo
percentage of changes Time of tests Groups oL
o] aoil & Variables
0ol o 090! o
Post-test Pre-test
44.11%1 6.7246.33 10.48+32.15 Soset
Shallow water
27.99%1 39.64+7.28 8.99+30.97 S o b
Deep water  Falling risk
9.49% 30.32+ 9.01 33.509.81 S
Control
54.73%1 7.41+48.29 31.21+8.64 Sase
Shallow water
B Sl ol ee
27.18%1 8.10+40.76 8.10+£32.05 3,0
Deep water .
Pain
4.32%)] 7.85+31.22 32.63+7.43 JAs
Control

~0sy0 Jele) Jie (slo yuie 1 Lo (sl (9031 ole Gtomias 5155 L (olegs il g v @l (7) Jgor
UL.M.: ‘) S0 J‘f)‘ u‘),uo 9 Ja}o..u )Ja> 5[)5.: JQL:.; 615 ua.>Lw).: (x_:" d,c.c o_a»”fu.u J.ol.c ‘u] )é L)))"“ u;aﬁjf
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930 S1ydl ol5an g bghu yhas gy Jobd' (5 asll p 1 Julond s -7 Jgo
Table 6- The result of main effects on dynamic balance, falling risk and pain
.o . l@ oo
7 P F a2 dfl T e s
Source Variables
0.08 0.01" 3.06 40 1 e
Aquatic exercise
(US] nsl 3o S) T 3 w Jobs
0.08 0.01" 3.15 40 ST S Dynamic
Depth (shallow/ deep/ control)
5 : : balance
ol 8 X ol 3o 5
0.13 0.007"* 4.90 40 e o
Depth xAquatic exercise
0.20 0.001™ 8.72 40 1 N > w’“
Aquatic exercise byiw jas
(J 5551 osl 3o oS) Sl o Falling risk

0.23 0.001"* 9.39 40
Depth (shallow/ deep/ control)
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Table 6- The result of main effects on dynamic balance, falling risk and pain

.o . l& oo
W P F a2 dfl T & T
Source Variables

0.35 0.0017* 12.40 40 i :
Depth xAquatic exercise

Sl o G yes
Aquatic exercise
(U5 ol GoeoS) ol Gos 0,0 Shyol ol
Depth (shallow/ deep/ control) Pain
2 Ol o x ol 40 o yed
Depth xAquatic exercise
PSe/e o) mhaw o 5 boline * PS /o) mhaws s (5 loline ** PS4/ 0 mlavs )3 (5 lobina®
*Significance at the P<0.05; **Significance at the P<0.01; ***Significance at the P<0.001

0.21 0.001™* 9.04 40 1

0.24 0.0017* 9.67 40

0.35 0.0017* 12.97 40

Soaidly 5585wy jshiteds 5 (O] Boe 5 01 )0 (pped) s uiite 90 ol S (g loline 4y az g5 L asll o

Opoilm 5 Ol Slyed 09,5 53 50 OT 3 (e Sl g oline Julod 5 lacglis 5 Sl pss yige S0 (Guios
(Y J992) s Ayl o t 9031 3250 5SS 5 Grae 1 50 (52503 1B T (o 09,5 4

50 STyl 3l500 9 byl s gy Jolad (S (a3 Lh (89,5 (3950 dmaylio (511 dimned t (y905 g lis -V Jgor
Table 7- The results of paired t test for within groups comparison of dynamic balance, risk of

falling and pain
JCEIENT
Mean e
P df aiwsont  difference 097 o yoiia
pretest-) Groups Variables
(posttest
0.001 13 -12.07 -5.15
Shallow water
. seas Ly Jobss
0.04 13 2.31 -1.04 3588 9%
Deep water Dynamic balance
0.54 14 0.93 0.82 JAs
Control
0.001"** 13 -12.79 -14.18 GacpS !
Shallow water
soas o] Lgins s
0.001 13 -10.25 -8.67 S s
Deep water Falling risk
0.594 14 0.82 3.18 JAs
Control
0.001™™ 13 -12.91 -17.08 GospS !
Shallow water
0.001""* 13 -10.57 8.71 eoe | 252 Sl e
Deep water Pain
0.80 14 0.21 141 JAs
Control

PS’/’ <\ C_]a..u ) LS)“DL;""" o 5PS./.& @a...: » d)bwas
*Significance at the P<0.05; ***Significance at the P<0.001
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Table 8- The results of LSD test for between groups comparisons of dynamic balance, risk of falling

and pain
Syl gllas  uSileo glis
P 8 il 0,5 g3 A lio 8590 gloeg ¥ o yuiio
Standard Mean Groups Variables
deviation difference
seokok Lé"""c U]7M05 u]
0.001 0.89 3.58 Deep water-Shallow water
LS Ges S o Lo Jobs
0.001°" 0.83 5.58 e 25 J2
Control-Shallow water Dynamic balance
. JrS=Gene
0.02 0.90 2.00 Control-Deep water
0.001"" 0.96 6.69 Geoe ol GoseS |
Deep Water-Shallow water
0.001™" 0.74 16.01 Uy aceS ol Lyis s
Control-Shallow water Falling risk
0.001™ 1.08 9.32 JrS-Gaee o
Control-Deep water
0.001"** 0.78 7.53 Groe 2GS ]
Deep Water-Shallow water
0.001*** 0.54 17.07 J)J*&LWS s.)—‘ 8,0 g_ﬂ).)l u‘)—‘-‘
Control-Shallow water Pain
0.001"" 0.69 9.54 JrS=Geos &

Control-Deep water
PN maw o g)lobias *** P[00 mhavs ;o (5)bolins ™
*Significance at the P<0.05; ***Significance at the P<0.001
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