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Abstract

Background: We examined the feasibility and effectiveness of a community-based progressive aquatic exercise program for com-
munity dwelling older adults, with moderate to severe knee osteoarthritis (OA).
Objectives: The purposes of this study were to 1, assess the effects of a progressive aquatic exercise program on the walking ability,
stair climbing ability, quadriceps muscle strength, as well as self-reported symptoms, function, and quality of life in community
dwelling adults with moderate to severe knee OA and; 2, assess the feasibility of a community-based aquatic program for community
dwelling adults with knee OA.
Methods: Seventeen volunteers (12 women (x = 61.1 years) and 5 men (x = 69.0 years)) participated in a progressive 8 - 10 week aquatic
exercise program, consisting of 20 - 24, 1-hour sessions. Outcome measures, acquired twice before beginning the exercise protocol
as well as after 4 and 8 weeks of exercise, included the Knee Injury and Osteoarthritis outcome score (KOOS) instrument, a 2 minute
walk test (2MWT), a 10 step stair climb for time, and an isometric knee extension strength assessment.
Results: Significant improvements were detected in 2 MWT, 10 step stair climb, right quadriceps isometric force development, and
the KOOS symptoms and stiffness subscale. Significant improvement was found on KOOS function subscales between baseline test-
ing sessions and maintained at follow-up. Non-significant improvements were identified in left quadriceps isometric force devel-
opment, KOOS pain, and KOOS quality of life.
Conclusions: These data suggest that a community-based, progressive aquatic exercise program is feasible and results in measur-
able improvements in function without worsening symptoms. Further study is warranted to investigate the impact of a longer
program and the role of aquatic exercise in the long-term management of patients with knee OA.
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1. Background

Knee osteoarthritis (OA) affects more than 7.7 million
people in the United States (1) and 37.4% of adults over the
age of 60 years. OA of the knee, hip, and hand is more com-
mon in women (2), with knee OA affecting 42.1% of females
and 31.2% of males over the age of 60 (3). OA is a progres-
sive disease, which occurs with the degeneration of artic-
ular cartilage, joint lining, ligaments, and bone. Hyaline
cartilage is avascular, aneural, and lacks perichondrium re-
sulting in an extremely low healing capacity. OA can be
radiographically staged using the Kelgren-Lawrence scale,
which assesses the extent of degeneration, including de-
creased joint space, osteophyte development, and sclero-
sis.

The Osteoarthritis research society international

(OARSI) guidelines for the non-surgical management of
knee OA, identified core components of intervention to
include weight management, education, and strength-
ening (4). Strengthening can be achieved through land
or aquatic-based exercise programs. Strong evidence
supports therapeutic exercise as the core component
of conservative management of knee OA (5). Aquatic
exercise is recommended by OARSI as well as and by
the American college of rheumatology (ACR) (4, 6) as
a non-pharmacological method of controlling knee os-
teoarthritis symptoms. Both land-based and aquatic
exercise programs have advantages and disadvantages
that must be considered for each patient. Land-based
exercise has been shown to effectively increase strength,
reduce knee pain, and improve physical function in the
short term setting (5). Land-based programs are easily
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accessible, as many exercises can be performed almost
anywhere. Land-based exercises, however, can result in
muscle soreness and increased joint pain and swelling.
Aquatic exercise introduces a mode of strengthening with
less joint loading and potentially less joint and muscle
irritation. Access to aquatic exercise programs is more
limited and many aquatic exercise programs are not de-
signed to progress at an appropriate intensity required for
strengthening. Research addressing the effectiveness of a
progressive aquatic protocol is limited.

2. Objectives

The purposes of this study were to 1, assess the effects
of a progressive aquatic exercise program on the walking
ability, stair climbing ability, quadriceps muscle strength,
as well as self-reported symptoms, function, and quality
of life in community dwelling adults with moderate to se-
vere knee OA and; 2, assess the feasibility of a community-
based aquatic program for community dwelling adults
with knee OA.

3. Methods

3.1. Participants

Following approval by the University of Connecticut
institutional review board for the protection of human
subjects, participants were recruited through flyers dis-
tributed at Swymfit Inc., as well as neighboring physician
and physical therapy practices. Women and men over the
age of 18 seeking to participate were provided information
about the study and asked to contact their personal physi-
cian. Potential participants were informed that they were
not eligible to participate if they had received a hyaluronic
acid or corticosteroid injection in either knee in the pre-
vious 6 months. Those who received medical clearance by
their physician to participate and had physician reported
grade II or III knee OA (Kelgren-Lawrence scale) were en-
rolled. In participants with bilateral knee OA, the self-
selected worse knee was used for self-report assessment.
See Figure 1 for schematic of the research design. 20 sub-
jects were initially enrolled.

Participants who met the inclusion criteria and re-
ceived medical clearance then provided informed consent
and received a detailed description of the exercise proto-
col. Participants completed testing at intake (Baseline 1), 1
- 3 weeks later at the first exercise session (Baseline 2), mid-
way (M), and at the final exercise session (F). Participants
were asked to maintain a log of medications and general
physical activity on a weekly basis. Subjects were permit-
ted to continue any current medications.

3.2. Outcome Measures

Testing consisted of the following: The knee injury and
osteoarthritis outcome score (KOOS score) - A likert version
of the KOOS instrument was used with scored responses to
each element of the KOOS ranging from 0 - 4. The instru-
ment has 5 domains: pain (9 questions), symptoms and
stiffness (7 questions), function-activities of daily living (16
questions), function- sport and recreation (5 questions),
and knee related quality of life (QOL) (4 questions). Scores
for global and domain categories were transformed into a
total score ranging 0 - 100. A score of 0 indicates extreme
knee problems, whereas a score of 100 indicates no knee
problems. The internal consistency for the KOOS is 0.86 -
0.96 and test-retest reliability (ICC) is generally good to ex-
cellent (0.67 - 0.95) (7).

2 minute walk test - The 2 minute walk test is an ef-
ficient measure of functional community ambulation ca-
pacity (8). We measured the maximum distance walked in
2 minutes on a 75 foot concrete indoor course with markers
at every 5 feet. Participants were instructed walk as far as
possible at as quick a pace as they were comfortable with.
Standing rest was allowed if necessary, although none of
the participants required a rest period.

10 steps stair climb- lower limb function was measured
using a 10 step stair ascending test. The participants were
instructed to climb 10 steps as quickly as they could twice
at each measurement session. None of the participants
required an assistive device, but each was instructed that
they could use the side railings if needed. Two recorders
recorded the time needed to climb 10 steps and plant both
feet on the top step. The mean of the four values was
used for data analysis. The reliability of measures between
testers in each baseline 1 trials was excellent ICC (3,1) = 0.95
and standard error of measurement acceptable (SEM = 0.31
and 0.29 seconds) The stair height at the Swymfit facility
was 14.2 cm.

Isometric knee extension strength- quadriceps
strength was measured at approximately 70 degrees
of knee flexion. Participants sat on a knee extension ma-
chine with the knee flexed and resistance arm locked in
place. The resistance arm was used to stabilize a handheld
dynamometer (Handheld Dynnamometer (HHD)- Micro-
FET2 HHD from Hoggan health industries, West Jordan,
UT, USA ). Testers were trained in the use of the handheld
dynamometer prior to testing based on the methods
described by Bohannon et al. (9). Bohannon et al. reported
good to excellent reliability with a similar set-up of belt
stabilized hand-held dynamometry (9).

3.3. Intervention

Participants completed a 1 hour progressive aquatic ex-
ercise program (described in Table 1), 2 - 3 times per week
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Figure 1. Study Design

for 8 - 10 weeks. The combination of exercises and progres-
sion were adapted from programs developed by one of the
authors (SV) for programming at the Swymfit Inc. (Boxbor-
ough MA, USA) facility for sports rehabilitation and train-
ing. The exercises follow normal movement patterns of the
lower extremity and the seated leg kicks, forward and back-
ward imitate basic leg extension and hamstring curl ma-
chines. Progression was based on individual tolerance and
clinical judgment that is consistent with supervised reha-
bilitation.

Participants were required to complete at least 20 ex-
ercise sessions within 10 weeks for inclusion in data anal-
ysis. The exercise protocol included use of the follow-
ing equipment: A, Hydrofit classic wave belt to correct
body alignment by balancing buoyancy around the mid-
section; B, Hydrofit mini-cuffs introduced in week 5, to pro-
vide added resistance in the water and increase hip and
knee ROM secondary to added buoyancy at the ankle with
the leg extended; C, Hydrofit sports therapy barbells (Hy-
drofit pool equipment- HYDRO-FIT, Eugene, OR, USA) for
support and added resistance for stabilization exercises;
D, Burdenko Water walkers (Burdenko Water Walkers- Bur-
denko water and sports therapy institute, Newton, MA,
USA) introduced by week 7, to mimic walking up and
down stairs to improve community ambulation and func-
tion along with resistance training with both lower ex-
tremity flexion and extension; E, rectangular swim boards
used for seated exercises. Hydrofit collars (Hydrofit pool
equipment- HYDRO-FIT, Eugene, OR, USA) were made avail-
able to participants to alleviate stress on the neck area if

necessary. Exercise progression was individualized, based
on self-reported ability to progress, and ultimately reach-
ing 70% - 80% of self-perceived maximal effort. Partici-
pants were asked about fatigue and soreness experienced
in the previous exercise session. Progression was encour-
aged when there were minimal complaints, which was typ-
ical throughout the exercise program. All sessions were
conducted in the deep end of the swimming pool (2.74 m)
at the Swymfit Inc. facility.

3.4. Statistical Methods

Data were analyzed using SPSS version 20 software. In
two instances of missing data due to incomplete KOOS
forms not detected at follow-up, scores were replaced us-
ing the last value carried forward. This represents a con-
servative estimate that assumes no additional improve-
ment over the final 4 weeks of the study. Repeated mea-
sures ANOVA was completed for the 2-minute walk, stair
climb, quadriceps strength and KOOS subsection data. In
circumstances where the assumption of sphericity was not
met (stair climb, right leg extension force, ADL function,
and QOL) Greenhouse-Geisser correction was employed to
provide an exact P-value. Planned comparisons were con-
ducted and effect size calculated. We elected not to control
for multiple comparisons due to the exploratory nature of
the study and the unique construct of each measure. The
2-minute walk test is a measure of endurance, the 10 step
stair climb tests function and power, isometric knee exten-
sion strength measures quadriceps muscle strength, and
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the KOOS is a self-report of pain, symptoms and stiffness,
ADL function, sport and recreational function, and QOL.

4. Results

Twenty participants were initially enrolled in the
study. Three participants withdrew from the study due to
scheduling and medical concerns not related to the study.
Twelve women (age 61.1±6.3 years, 7 grade III and 5 grade II
OA) and 5 men (age 69.0± 3.3 years, 3 grade III and 2 grade
II OA) completed 20 - 24 exercise sessions. Baseline perfor-
mance measures are found in Table 2. None of the partic-
ipants reported a change in or increased consumption of
any medications related to their osteoarthritis during the
study. Three reported a daily regimen of non-steroidal anti-
inflammatory medication once (n = 1), or twice daily (n =
2) with the remainder reporting occasional use of medica-
tion for knee pain on an as-needed basis.

4.1. Outcome Measures

Participants experienced a significant increase in 2-
minute walk (large effect (1. 1), mean = 23.4 m. 95% CI =
12.6 - 37.3, P ≤ 0.01) performance. Participants experienced
a significant decrease in time required to climb 10 steps
(large effect (0.86), mean = 1.21 seconds, 95% CI 0.53 - 1.88, P
< 0.01). Knee extensor strength decreased between the 1st
and 2nd baseline test, returned to baseline by 4 weeks and
improved significantly from baseline (small effect (0.18),
mean = 23.9 N, 95% CI 10.2 - 37.6, P = 0.05) on the right and
non-significantly on the left (small effect (0.16), mean= 16.7
N, 95% CI 51.3 - -18.1, P = 0.32 ). See Figure 2. Increases in
KOOS values represent improvement. Patients reported a
non-significant (P = 0.25) improvement on the knee Pain
KOOS subscale after 8 weeks of exercise (small effect = 0.36
mean = 4.9, 95% CI - 2.7 - 12.5) suggesting possible pain re-
duction of questionable clinical importance. Patients re-
ported a significant change on the KOOS symptoms and
stiffness (moderate effect (0.50), mean = 8.1, 95% CI 1.5 -
14.8, P = 0.02) suggesting a possible clinically meaning-
ful benefit. Patients reported improved Function on the
KOOS subscale (large effect (0.80, Mean = 10.6 95% CI - 1.2
- 9.6), P = 0.12) however much of the perceived improve-
ment (6.8 of 10.6 point improvement) came between the
first and second baseline measurements. Nonetheless, im-
provement did occur from the second baseline measure to
the final measure (mean = 3.8, 95% CI = 1.1 - 8.8., P = 0.02). Im-
provement was reported on the function-sports and recre-
ation KOOS subscale scores, (moderate ((0.54) effect, mean
= 11.0, 95% CI = 2.4 - 19.6 P = 0.036) however the improve-
ment occurred between the baseline measures. These re-
sults suggest that the participants felt they could function

better after having completed the initial assessment. The
perceived improvements were preserved through the end
of the study. Finally, participants reported non-significant
changes in QOL (small effect (0.26) mean = 3.9, 95% CI = -5.5
- 13.4, P = 0.61).
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Figure 2. Maximal Knee Extension Data

5. Discussion

Our experience with this investigation suggests a
community-based, progressive aquatic program is feasible
and attractive to community dwelling adults with moder-
ate to severe knee osteoarthritis. While three participants
did not complete the program, none of the attrition was
related to the exercise routine. We did not formally follow
participants after the completion of the program, but sev-
eral continued to exercise at the Swymfit facility on a fee
basis after the study concluded.

The major findings of the study were the substantial
improvements on the 2 minutes walk test and the stair
climbing test. A 2 minutes walk test is commonly used as
a functional measure of endurance and community func-
tion. It has been suggested that individuals need to be able
to walk approximately 152 meters (500 feet) within 2 min-
utes for effective community ambulation (10). At baseline,
35% of our participants walked less than 152 meters. How-
ever, upon study completion, all of participants we able to
walk more than 171 meters (560 feet), indicating the abil-
ity for all participants to participate in ambulation within
their communities.

The 10 steps stair climb is related directly to one of the
most pain provoking functional activities that those with
knee OA must tolerate each day. Lower body strength and
functional ability are required to ascend 10 stairs. Partic-
ipants were asked to ascend the stairs as fast as possible.
Participants were significantly faster after 4 and 8 weeks of
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Table 2. Baseline Data

Baseline Values by Outcome Measure (Mean ± SD)

2MWT 10 SSC IKESR IKESL KOOS-SS KOOS-P KOOS-FDL KOOS-FS KOOS-QOL

B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2 B1 B2

158 ±
23

162 ±
16

4.98
± 1.4

4.67
± 1.82

252 ±
131

235 ±
107

236 ±
107

222 ±
97

64 ±
15

65 ±
12

62 ±
16

61 ±
13

62 ±
17

69 ±
11

22 ±
19

33 ±
22

37 ±
21

45 ±
14

Abbreviations: B1, baseline 1; B2, baseline 2; 2MWT, meters covered in 2 minutes; 10SSC, seconds to ascend 10 steps; IKES, isometric knee extension strength in Newtons; KOOS, knee injury and osteoarthrisis outcome score; SS, symptoms
and stiffness; P, pain; FDL, function of daily living; FS, function of sport; QOL, quality of life.

aquatic exercise. The magnitude of improvement cannot
be interpreted against standard values or reported clini-
cally important differences due to the nonstandard stair
height at the Swymfit facility.

Isometric knee extension strength was obtained as a
measure of quadriceps muscle strength. Quadriceps mus-
cle strength has been linked to the ability to rise from a
chair, (11), climb stairs (12) and function in the commu-
nity. The force generated by the quadriceps decreased be-
tween the 1st and 2nd baseline measures. However, at mid-
point measurement, participants had returned to baseline
values and exceeded baseline values at the end of their
exercise program. The initial decrease in strength was
likely due to joint and muscle pain caused by the unac-
customed maximal effort during testing. However, the
small improvements at the end of the program indicate
the progressive aquatic program was building quadriceps
strength. We can only speculate on the effects of a longer
program, but it is known that muscle force development
will continue to improve beyond 8 weeks of resistance
training.

The KOOS instrument provides a means of self-report
on 5 aspects of a knee osteoarthritis patient’s daily expe-
riences. Our participants reported improvement in their
symptoms and stiffness, which suggests a clinically mean-
ingful benefit. There were also improvements of daily liv-
ing function, as well as sports and recreation function, in-
dicating participants rated themselves as better able to
tolerate both daily and recreational activities. As noted
in the results however, the bulk of improvement in self-
reported function occurred between the baseline measure-
ments suggesting that the completion of testing altered
the participants’ perception of their abilities. These im-
provements were maintained throughout the exercise pro-
gram.

Although the average decrease in reported pain was
not statistically significant, less pain was reported after
completion of the aquatic exercise program suggesting
possible clinical benefit (13). Moreover, these data suggest
that the increase in physical activity associated with the
exercise program and the noted improvements in perfor-
mance were not associated with an increase in knee pain.

We believe that an investigation of the effects of a longer
progressive exercise program on pain is warranted.

There was not a significant improvement in self-
reported QOL; however, there also was no decrease in qual-
ity of life sub-classification scores. These results suggest
that a patient’s OA associated symptoms and stiffness, as
well as walking and climbing ability are among many
factors within the multi-faceted aspects that impact self-
reported QOL. We are confident that the exercise program
did not diminish quality of life. The continuation of par-
ticipants in an exercise program after the completion of
the study suggests that our participants valued the expe-
rience and hoped to make further gains through regular,
long-term participation.

This study is not without limitations. We chose not to
include a control group because the study offered partici-
pants no-cost access of up to 10 weeks of supervised aquatic
exercise training. Data from control groups of recent stud-
ies (14-17) involving osteoarthritis and exercise were re-
viewed. Improvements in function were noted in both
land- based strengthening programs and aquatic-based ex-
ercise programs; however, the authors of each study dis-
cussed a lack of improvement in control groups on all out-
comes measures. The improvements we observed in mea-
sures of walking distance and stair climbing are objective
findings. We acknowledge the potential for bias in self-
report measures. Given that existing literature suggests
that little change would be expected in a control group and
that the improvements in self-report measures correspond
to the functional improvements noted, we believe these
data represent real change. In acknowledging the limita-
tions of our work it is also important to note that the pro-
gram was free of charge for a limited period of time. The
addition of a control group would have precluded so vol-
unteers from receiving the potential benefits of the exer-
cise program. We choose equipoise over rigid control to
maximize the opportunities for our volunteers.

Scheduling did not permit extending the duration of
the study and thus we choose to allow all volunteers to be-
gin the exercise training once they were cleared by their
physician and completed baseline testing. It is unlikely
that the observed improvements in 2-minute walk perfor-
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mance or stair climbing were related to placebo or the
natural history of knee OA, which typically worsens over
time. While self-reported improvements could occur due
to a feeling of improvement or desire to report antici-
pated benefits, the functional improvements reported cor-
respond to the improvements in walking and stair climb-
ing ability. The more modest changes in pain also suggest
that the self-report values reflect real functional change.

As noted, the stair height at the Swymfit Inc. facility
was 14.2 cm rather than a standard 20.3 cm. This difference
did not affect our ability to detect improvement, as test-
ing was consistent across all participants during all assess-
ment sessions. The magnitude of improvement however
might have been different using a standard stair height
and cannot be compared to changes in stair climbing per-
formance reported in studies where stair height was a stan-
dard 20.3 cm (8 inches).

In summary, an 8 - 10 week progressive aquatic exer-
cise program for community dwelling adults with Grade
II/III knee osteoarthritis is feasible and can improve com-
munity and self-reported function and reduce symptoms
and stiffness, without exacerbating pain. The impact of
a longer training period, particularly as related to self-
reported pain, as well as longer follow up warrants further
investigation.
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Supplementary material(s) is available here.
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Table 1. Progressive Aquatic Exercise Program

Warm-up Sessions (10 - 15 minutes) Specific Strength Exercise (35 - 40 minutes)

Week 1- Sessions 1, 2, and 3
Learn basic movement patterns; Learn proper body
mechanics; *Continue Week 1; Warm up before each

session

Forward/backward walking -double/alternate arms

Short and long strides

Vertical stretch (w/long barbells)

Standing squats (w/long barbells)

Sitting on long barbell (leg extensions + leg curls)

Vertical jogging (long barbell dragging)

Week 2 – Session 1

Strength exercises from week 1 (60% RPE)

Progress from vertical jog w/ barbell dragging

Barbell squats (Focus on balance and knee ROM)

Week 2 – Session 2

Strength exercises from week 1 (60% RPE)

Power strides (long-reaching strides)

Power running (4 steps 50% RPE → 4 steps 70% RPE), legs only

Week 2 – Session 3

Strength Exercises from Week 1 (60% RPE)

Sitting on barbell (without arms)

Vertical jogging with barbell (4 Slow 50% RPE → 4 Fast 70% RPE)

Barbell squats

Week 3 - Sessions 1, 2, and 3

Strength exercises from week 2

(Work to steady rate 70% - 80% RPE)

Straight leg kicks in vertical position (60% RPE)

Week 4 - Session 1

Power strides (long reaching strides)

Power running (4 steps 50% RPE → 4 steps 70% RPE)

Prone bent knee double/alternate knee kicks (60% RPE)

Week 4 - Session 2

Easy Day

Stretching under water (60% RPE Max)

Focus strictly on form and position

*Use all previous exercises

Week 4 - Session 3
Repeat Week 4 (Session 1)

Prone double/alt knee kicks (4 Slow 50% RPE → 4 Fast 70% - 80% RPE)

Week 5 - Sessions 1, 2, and 3

Repeat Week 2 exercises

Perform all exercises with small ankle cuffs

*Focus on Strength

Week 6 - Sessions 1, 2, and 3

Repeat Week 3 exercises

Perform all exercises with small ankle cuffs

*Focus on Strength

Week 7 - Session 1 *Perform warm-up with Water-Walkers, 50% RPE

Remove small ankle cuffs for all exercises

Vertical jogging combination

High knee stride

Lateral steps

Combination (High knee stride + Lateral steps)
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Power running (60% - 70% RPE)

Week 7 - Session 2

Power strides (long reaching strides)

Power running (4 steps forward →4 steps sprinting in place)

Straight leg kicks

Week 7 - Session 3

Use water-walkers for all exercises

Vertical jogging (4 steps 50% RPE → 4 steps 70% RPE)

High knee stride

Lateral steps

Combination (High knee stride + Lateral steps)

Horizontal jogging (4 steps 50% RPE → 4 steps 70% RPE)

Week 8 - Session 1

Use small ankle cuffs for all exercises (Steady state - 70% RPE)

Sitting on barbell (forward/backward)

Vertical jogging (Barbell dragging)

Power strides

Straight leg kicks

Week 8 - Session 2

Remove small ankle cuffs for all exercises (Steady state - 70% RPE)

Seated barbell (Forward/Backward)

Alternate/double knee kicks

Barbell squats

Week 8 - Session 3

Use water walkers with small ankle cuffs (Steady state - 70% RPE)

Vertical/Horizontal jogging

High knee strides

Lateral steps

Combination (high knee strides + Lateral steps)
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