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Abstract
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IMPORTANCE Therapeutic aquatic exercise is frequently offered to patients with chronic low back
pain, but its long-term benefits are unclear.

Question Is therapeutic aquatic
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modalities in the management of adults

OBJECTIVE To assess the long-term effects of therapeutic aquatic exercise on people with chronic
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Findings In this randomized clinical trial
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physical therapy modalities group. The therapeutic aquatic exercise group received aquatic exercise,
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significantly higher than that of physical
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therapy modalities.
Meaning The findings of this trial

MAIN OUTCOMES AND MEASURES The primary outcome was disability level, which was measured
using the Roland-Morris Disability Questionnaire; scores range from 0 to 24, with higher scores
indicating more severe disability. Secondary outcomes included pain intensity, quality of life, sleep

suggest that therapeutic aquatic
exercise is an effective treatment for
adults with chronic low back pain.

quality, recommendation of intervention, and minimal clinically important difference. Intention-totreat and per-protocol analyses were performed.
RESULTS Of the 113 participants, 59 were women (52.2%) (mean [SD] age, 31.0 [11.5] years).
Participants were randomly allocated into the therapeutic aquatic exercise group (n = 56) or the
physical therapy modalities group (n = 57), and 98 patients (86.7%) completed the 12-month
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follow-up. Compared with the physical therapy modalities group, the therapeutic aquatic exercise
group showed greater alleviation of disability, with adjusted mean group differences of −1.77 (95% CI,
−3.02 to −0.51; P = .006) after the 3-month intervention, −2.42 (95% CI, −4.13 to −0.70; P = .006)
at the 6-month follow-up, and −3.61 (95% CI, −5.63 to −1.58; P = .001) at the 12-month follow-up
(P < .001 for overall group × time interaction). At the 12-month follow-up point, improvements were
significantly greater in the therapeutic aquatic exercise group vs the physical therapy modalities
group in the number of participants who met the minimal clinically important difference in pain (at
least a 2-point improvement on the numeric rating scale) (most severe pain, 30 [53.57%] vs 12
[21.05%]; average pain, 14 [25%] vs 11 [19.30%]; and current pain, 22 [39.29%] vs 10 [17.54%]) and
disability (at least a 5-point improvement on the Roland-Morris Disability Questionnaire) (26
(continued)
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Abstract (continued)

[46.43%] vs 4 [7.02%]). One of the 56 participants (1.8%) in the therapeutic aquatic exercise group
vs 2 of the 57 participants (3.5%) in the physical therapy modalities group experienced low back pain
and other pains related to the intervention.
CONCLUSIONS AND RELEVANCE The therapeutic aquatic exercise program led to greater
alleviation in patients with chronic low back pain than physical therapy modalities and had a longterm effect up to 12 months. This finding may prompt clinicians to recommend therapeutic aquatic
exercise to patients with chronic low back pain as part of treatment to improve their health through
active exercise rather than relying on passive relaxation.
TRIAL REGISTRATION Chinese Clinical Trial Registry: ChiCTR1800016396
JAMA Network Open. 2022;5(1):e2142069. doi:10.1001/jamanetworkopen.2021.42069

Introduction
Low back pain is a high-incidence and high-burden condition.1 The incidence rate of low back pain in
a lifetime is 84% and that of chronic low back pain is approximately 23%.2 A systematic analysis of
global burden of disease showed that the number of years lived by patients with low back pain
disability increased by 17.5% between 2007 and 2017.3 In the US, the annual total direct expenses for
each patient with chronic low back pain reached $8386.4 Clinical practice guidelines recommend
therapeutic exercise and physical therapy modalities for low back pain.5-7 Therapeutic exercise and
physical therapy modalities can relieve pain intensity and alleviate back disability for patients with
low back pain.8-12 Transcutaneous electrical nerve stimulation and infrared ray thermal therapy are
common modalities that are frequently used for treatment of chronic low back pain.13,14 Among the
numerous therapeutic exercises available, therapeutic aquatic exercise is often prescribed by
physicians for chronic low back pain, and it is becoming increasingly popular for treatment of chronic
low back pain.15,16 Therapeutic aquatic exercise refers to water-based treatments or exercise. Water
is an ideal environment for conducting an exercise program given its various properties, including
buoyancy pressure, density, thermal capacity, and conductivity.17-22
Two systematic reviews suggested that therapeutic aquatic exercise can reduce pain intensity
and improve function in patients with chronic low back pain.23,24 However, to our knowledge,
evidence of the long-term benefits of therapeutic aquatic exercise in patients with chronic low back
pain does not exist, and no study has compared the efficacy of therapeutic aquatic exercise and
physical therapy modalities for chronic low back pain. Thus, we conducted a single-blind randomized
clinical trial to compare the effects of therapeutic aquatic exercise with physical therapy modalities
in patients with chronic low back pain over a 12-month follow-up period.

Methods
Study Design and Participants
We conducted a 3-month assessor-blinded randomized clinical trial with a 12-month follow-up period
to compare the effects of therapeutic aquatic exercise and physical therapy modalities on chronic
low back pain. All participants were included in a WeChat group for them to receive information
about the trial. Regular offline health lectures were also held to offer educational information to the
participants and carry out the measurements during the follow-up period. The protocol of this study
was registered in the Chinese Clinical Trial Registry and is provided in Supplement 1. This study was
approved by the ethics committee of the Shanghai University of Sport, Shanghai, China. Before
enrolling in the project, all participants provided written informed consent. We recruited participants
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between September 10, 2018, and March 12, 2019. The trial follow-up was completed March 17,
2020. This study followed the Consolidated Standards of Reporting Trials (CONSORT) reporting
guideline.
Inclusion criteria were age between 18 and 65 years; pain between the buttock band and the rib
arch, with or without lower limb pain; pain intensity (when the most painful) of 3 or higher on a
numeric rating scale; and chronic low back pain lasting at least 3 months. Exclusion criteria comprised
mental illness or cognitive impairment, specific lumbago, regular low back pain exercise intervention
during the past 6 months, pregnancy or lactation, chlorine allergy, and water-related anxiety or
inability to adapt to an aquatic environment.

Randomization and Blinding
A researcher who was separate from the intervention team selected 113 numbers from a certain
position in the random number table and randomly divided them into the experimental and control
groups. Then, the paper with numbers was placed into a sealed, opaque envelope. The envelopes
were scrambled and numbered in turn. After inclusion, participants received the numbered
envelopes consecutively and were divided into the corresponding groups according to the number
on the paper within the envelope. Assessors were responsible for the measurements but unaware of
the group assignments and remained distant from the intervention.

Interventions
The intervention sessions were carried out by qualified physiotherapists (M.-S.P., Y.-Z.W., and C.-C.C.)
who did not participate in data collection. Both programs lasted for 12 weeks and were administered
for 60 minutes twice per week for a total of 24 treatment sessions. The participants were
encouraged to complete the intervention as designed. The expected adherence rate was at least
75%.25 Attendance frequency and adverse events during the sessions were recorded on a daily
record form. Once a participant was observed to be absent from an intervention session, they were
contacted immediately to determine the reason for their absence. Participants who withdrew
halfway, failed to attend the evaluations, or missed more than 2 weeks were considered to have
dropped out.25
Participants in the therapeutic aquatic exercise group started the exercise with a 10-minute
active warm-up session to enhance neuromuscular activation. Then, they performed an aquatic
session for 40 minutes and had a 10-minute cool-down session. The target exercise intensity
depended on the individual’s self-rated score of approximately 13, indicating 60% to 80% of their
maximum heart rate on the Borg Scale Rating of Perceived Exertion, which is a measure sufficiently
reliable for quantifying the training load for aquatic exercise.26 The participants in the physical
therapy modalities group received transcutaneous electrical nerve stimulation and infrared ray
thermal therapy. Both modalities were focused on pain points, and each had a duration of 30
minutes.27-30 Details of the interventions are presented in Supplement 1.

Outcome Measures
Experienced physiotherapists carried out the measurements at baseline, after the 3-month
intervention, at the 6-month follow-up, and at the 12-month follow-up from baseline. The primary
outcome was the Roland-Morris Disability Questionnaire, which contains 24 items that are closely
related to the daily life activities of patients with chronic low back pain.31 With scoring of 1 (yes) and 0
(no), the final score varies from 0 to 24. Higher scores are associated with more severe disability.32
The secondary outcome was a numeric rating scale, which consisted of 11 numbers from 0 to 10:
0 (painless), 1 to 3 (mild pain), 4 to 6 (moderate pain), and 7 to 10 (strong and unbearable pain). The
participants reported the pain intensity they felt at the time of the report and that they experienced
during the past week (slightest, average, and most serious).33
Considering that chronic low back pain may seriously affect the sleep quality of patients who
have been experiencing pain for a long time and may lead to adverse psychological reactions, such as
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fear avoidance belief, we included the 36-item Short-form Health Survey,34 Self-rating Anxiety
Scale,35 Zung Self-Rating Depression Scale,36 Pittsburgh Sleep Quality Index,37 Pain Anxiety
Symptoms Scale,38 Tampa Scale for Kinesiophobia,39,40 Fear Avoidance Beliefs Questionnaire,41
minimal clinically important difference in pain and function,42,43 global perceived effect,44,45 adverse
events, and participants’ recommendation levels on the intervention that they received as the
secondary outcomes. Details on the outcome measures are presented in Supplement 1.

Sample Size Calculation
Sample size was calculated by G*Power, version 3.1.9 (Heinrich-Heine-Universität Düsseldorf) based
on the following conditions. As in the Costantino and Romiti46 trial, the participants in the
intervention cohort received 3 months of therapeutic aquatic exercise, and those in the control
group received the back school program. The effect size was calculated to be 0.35 by using the
Roland-Morris Disability Questionnaire mean (SD) score of the intervention group (5.37 [1.82]) and
the control group (6.11 [2.36]) during the 3-month follow-up. Results in the 2 groups were measured
4 times by using a mixed design of repeated-measures analysis of variance. Considering that α = .05,
power (1-β) = 0.95, and correlation among repeated measures = 0.5, the total sample size was 70.
Considering the possibility of a 20% missing rate, the minimum sample size was 88.

Statistical Analysis
The data were collected and analyzed with Microsoft 2016 (Microsoft Corp) and SPSS, version 20.0
(IBM SPSS). In all analyses, statistical significance was accepted as P < .05 (2-tailed). For baseline
variables, the χ2 test was used to test categorical variables (eg, sex and educational level), and the
Mann-Whitney test was used to test continuous variables (eg, age and body mass index). The results
are presented as number (percentage) or mean (SD).
The experimental results were compared through adjusted 2-way repeated-measures analysis
of variance (group × time). The adjustment factors included sex, age, body mass index, physical
activity, low back pain duration, numeric rating scale level of the most severe low back pain,
medication, and smoking history. A χ2 test was conducted to compare the proportion of each group’s
participants who met the minimal clinically important difference for pain and function at
postintervention. Although the use of the minimal clinically important difference for the RolandMorris Disability Questionnaire and numeric rating scale remains controversial, values of 5.0 and 2.0
are considered reasonable and are commonly used.43 The χ2 test was also applied to determine the
difference between the 2 groups for the proportion of participants reporting global perceived effect,
adverse events, and treatment recommendations.
Considering that some participants might drop out midway, all of the data were analyzed by
using intention-to-treat analysis (including all randomized participants) and per-protocol analysis
(participants who completed the intervention). Intention-to-treat was regarded as the primary
analysis. Participants who withdrew from the intervention were contacted immediately to
investigate their reasons for dropping out and were encouraged to continue the measurements to
minimize the loss of follow-up data. If the participants failed to follow-up or withdrew from the
group, their last observation results were carried forward to fill in the missing data for intention-totreat analysis.

Results
Of the 191 potential participants who were screened, 113 met all inclusion criteria and were randomly
allocated into the therapeutic aquatic exercise group (n = 56) or the physical therapy modalities
group (n = 57); of these, 98 patients (86.7%) completed the 12-month follow-up (Figure). The
overall mean (SD) age of the participants was 31.0 (11.5) years, 54 were men (47.8%), and 59 were
women (52.2%) (Table 1; eTable 1 in Supplement 2).
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Outcomes
Compared with the participants in the physical therapy modalities group, those in the therapeutic
aquatic exercise group showed improvement in disability by an additional −1.77 (95% CI, −3.02 to
−0.51) points after the 3-month intervention, −2.42 (95% CI, −4.13 to −0.70) points at 6 months, and
−3.61 (95% CI, −5.63 to −1.58) points at the 12-month follow-up (P < .001 for overall group × time
interaction) (Table 2). Functional improvement was not significantly affected by age, sex, body mass
index, low back pain duration, educational level, or pain level.
The secondary outcomes are presented in Table 3. Compared with the participants in the
physical therapy modalities group, those in the therapeutic aquatic exercise group showed
improvement in the most severe pain by an additional −0.79 (95% CI, −1.31 to −0.27) points after the
3-month intervention, −1.34 (95% CI, −2.06 to −0.62) points at 6 months, and −2.04 (95% CI, −2.75
to −1.34) points at the 12-month follow-up (P < .001 for overall group × time interaction). The
slightest pain of the therapeutic aquatic exercise group improved by an additional −0.64 points after
the 3-month intervention, −0.72 points at 6 months, and −1.17 at the 12-month follow-up (P = .005).
All pain scores at each time point were significantly different between the 2 groups. The effect of the
intervention on the most severe pain was significantly modified by the participants’ most severe pain
level. Compared with the participants in the physical therapy modalities group, those in the
therapeutic aquatic exercise group showed more improvements on the 36-item Short-form Health
Survey (overall group × time interaction, P = .003), Pittsburgh Sleep Quality Index (overall
group × time interaction, P = .02), Tampa Scale for Kinesiophobia (overall group × time interaction,

Figure. Flow Diagram of the Participants
191 Recruited and assessed for eligibility
78 Excluded
63 Did not meet inclusion criteria
12 Age >65 y
39 Most painful numeric rating scale score <3
9 Low back pain lasts <3 mo
3 Refused randomization
7 Physically active
5 Declined to participate
3 Other reasons for inability to participate

113 Randomized

56 Allocated to therapeutic aquatic exercise intervention
51 Received intervention as allocation
5 Did not receive intervention as allocation
2 No longer interested
1 Unexpected family obligation
2 Received intervention <18 times

57 Allocated to physical therapy modalities intervention
50 Received intervention as allocation
7 Did not receive intervention as allocation
1 No longer interested
2 Unexpected illness
3 Received intervention <18 times
1 Unsatisfied with randomization

53 3-mo Assessment
1 Time conflict
2 No longer interested

53 3-mo Assessment
1 Time conflict
3 No longer interested

51 6-mo Follow-up
3 Time conflict
1 No longer interested
1 Unable to be contacted
50 12-mo Follow-up
1 Time conflict
1 No longer interested
4 Unable to be contacted

50 6-mo Follow-up
3 Time conflict
2 No longer interested
2 Unable to be contacted
48 12-mo Follow-up
3 Time conflict
2 No longer interested
4 Unable to be contacted

56 Intention-to-treat analysis
50 Per-protocol analysis

57 Intention-to-treat analysis
48 Per-protocol analysis
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Table 1. Baseline Demographic and Clinical Characteristics
Group, No. (%)
Therapeutic aquatic exercise
(n = 56)
31.7 (11.3)

Physical therapy modalities
(n = 57)
30.4 (11.8)

Male

30 (53.6)

24 (42.1)

Female

26 (46.4)

33 (57.9)

23.19 (2.86)

22.94 (3.98)

Most serious pain in previous week

5.55 (1.28)

5.40 (1.49)

Average pain in previous week

3.96 (1.14)

4.02 (1.37)

Current pain intensity

2.70 (1.57)

2.72 (1.67)

Characteristic
Age, mean (SD), y
Sex

BMI, mean (SD)
Current back pain intensity, mean (SD)a

Work absence or reduced hours, mean (SD), h

7.51 (23.90)

3.36 (12.06)

Medical expenditure on back pain last year,
mean (SD), yuanb
Cause of first-onset pain

0.54 (1.01)

0.37 (0.82)

Hyperactivity or improper exercise

23 (41.1)

21 (36.8)

Sedentary lifestyle

14 (25.0)

22 (38.6)

Pregnancy

0

2 (3.5)

Other

19 (33.9)

12 (21.1)

Left

8 (14.3)

11 (19.3)

Right

12 (21.4)

14 (24.6)

Middle

21 (37.5)

13 (22.8)

Both sides

10 (17.9)

16 (28.1)

Other

5 (8.9)

3 (5.3)

Left

10 (17.9)

8 (14.0)

Right

13 (23.2)

11 (19.3)

Middle

18 (32.1)

14 (24.6)

Both sides

8 (14.3)

21 (36.8)

Other

7 (12.5)

3 (5.3)

Site of first-onset low back pain

Site of current low back pain

Duration of the latest low back pain, mean (SD), d

12.66 (29.30)

13.82 (27.66)

Frequency of low back pain last month, mean (SD)

9.95 (8.71)

11.05 (9.90)

Duration of low back pain per day last week,
mean (SD), h
Pain mode in 24 h

7.04 (6.60)

5.82 (6.20)

Gradually aggravated

17 (30.4)

18 (31.6)

Gradually relieved

18 (32.1)

16 (28.1)

No change

13 (23.2)

11 (19.3)

Other

8 (14.3)

12 (21.1)

Sitting

45 (80.4)

44 (77.2)

Standing

36 (64.3)

33 (57.9)

Walking

24 (42.9)

23 (40.4)

Bending

30 (53.6)

26 (45.6)

Squatting

10 (17.9)

9 (15.8)

Climbing stairs

3 (5.4)

7 (12.3)

Descending stairs

8 (14.3)

7 (12.3)

Postural change

5 (8.9)

2 (3.5)

Other

5 (8.9)

8 (14.0)

Factors aggravating low back pain

Factors to relieve low back pain
Recumbent rest

46 (82.1)

43 (75.4)

Sitting rest

4 (7.1)

14 (24.6)

Small-intensity activities

22 (39.3)

17 (29.8)

Other

5 (8.9)

10 (17.5)
(continued)
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Table 1. Baseline Demographic and Clinical Characteristics (continued)
Group, No. (%)
Therapeutic aquatic exercise
(n = 56)

Physical therapy modalities
(n = 57)

Soreness

41 (73.2)

44 (77.2)

Distended

19 (33.9)

23 (40.4)

Radiating

13 (23.2)

9 (15.8)

Burning

0

1 (1.8)

Needling

10 (17.9)

10 (17.5)

a

Based on NRS score.

Other

2 (3.6)

0

b

1 US dollar = 6.3734 yuan.

Characteristic
Nature of pain

Abbreviations: BMI, body mass index (calculated as
weight in kilograms divided by height in meters
squared); NRS, numeric rating scale.

Table 2. Primary Outcomes at 3, 6, and 12 Months

RMDQ

Therapeutic aquatic
exercise group
(n = 56)

Physical therapy
modalities group
(n = 57)

Adjusted between-group difference,
mean (95% CI)a

P value

Baseline

8.82 (5.82)

8.37 (5.41)

NA

NA

3 mo

3.23 (2.90)

4.63 (3.98)

−1.77 (−3.02 to −0.51)

.006

6 mo

3.55 (4.19)

5.61 (5.49)

−2.42 (−4.13 to −0.70)

.006

12 mo

3.52 (4.43)

6.67 (6.47)

−3.61 (−5.63 to −1.58)

.001

F value

P value for overall
group × time interaction

8.28

<.001

Abbreviations: NA, not applicable; RMDQ, Roland-Morris Disability Questionnaire.
a

Mean differences between groups were adjusted for sex, age, body mass index, physical activity, low back pain duration, numeric rating scale of the most severe low back pain,
medication, and smoking history.

P < .001), and Fear-Avoidance Beliefs Questionnaire (physical activity subscale overall group × time
interaction, P = .04). These improvements were not influenced by age, sex, body mass index, low
back pain duration, educational level, or pain level.
For minimal clinically important difference, the number of participants who had at least a
2-point improvement on the numeric rating scale for the most severe pain differed between the 2
groups at all time points (3 months: odds ratio [OR], 5.24; P = .001; 6 months: OR, 3.68, P = .001; and
12 months: OR, 4.24; P < .001). For average pain, the percentage of patients who met the minimal
clinically important difference varied between the 2 groups after 3 months of intervention (OR, 2.14;
P = .048). For current pain, the percentage of patients who met the minimal clinically important
difference varied between the 2 groups at the 12-month follow-up (OR, 3.04; P = .01). Moreover, the
number of patients who met the minimal clinically important difference threshold for the disability
significantly differed between the 2 groups at all time points (3 months: OR, 2.53; P = .02; 6 months:
OR, 3.89; P = .001; and 12 months: OR, 11.48; P < .001) (eTable 2 in Supplement 2).
Two of 56 participants (3.6%) in the therapeutic aquatic exercise group vs 4 of the 57
participants (7.0%) in the physical therapy modalities group experienced low back pain and other
pains related to the intervention. Several patients also experienced pain that was unrelated to the
intervention. Characteristics of participants who reported adverse events were not different
between the 2 groups. A total of 41 participants (73.2%) in the therapeutic aquatic exercise group
and 37 participants (64.9%) in the physical therapy modalities group reported improvements in their
low back pain symptoms after the 3-month intervention. Global perceived effect in the therapeutic
aquatic exercise group was significantly better than that in the physical therapy modalities group
(χ2 = 11.7; P = .03). Among the participants, 52 (92.9%) were willing to recommend therapeutic
aquatic exercise to other patients with low back pain, whereas 44 (77.2%) were willing to
recommend physical therapy modalities. The recommendation rates for the 2 treatments differed
significantly (χ2 = 9.5, P = .01). (Table 4).
The results of per-protocol analysis are included in eTable 3 and eTable 4 in Supplement 2. An
intention-to-treat analysis using the worst case of the participants’ group was performed to minimize
the bias of follow-up; the results are presented in eTable 5 in Supplement 2.
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Table 3. Secondary Outcomes at 3, 6, and 12 Months
Therapeutic aquatic
exercise group
(n = 56)

Physical therapy
modalities group
(n = 57)

Adjusted between-group difference,
mean (95% CI)a

Baseline

5.55 (1.28)

5.40 (1.49)

NA

NA

3 mo

2.70 (1.55)

3.39 (1.60)

−0.79 (−1.31 to −0.27)

.003

6 mo

2.93 (1.52)

4.25 (2.19)

−1.34 (−2.06 to −0.62)

<.001

12 mo

3.16 (1.66)

4.82 (2.21)

−2.04 (−2.75 to −1.34)

<.001

Baseline

3.96 (1.14)

4.02 (1.37)

NA

NA

3 mo

1.64 (1.15)

2.47 (1.31)

−0.87 (−1.30 to −0.43)

<.001

6 mo

2.07 (1.09)

3.30 (1.80)

−1.28 (−1.87 to −0.70)

<.001

12 mo

2.27 (1.39)

3.72 (1.87)

−1.74 (−2.33 to −1.15)

<.001

Baseline

2.70 (1.57)

2.72 (1.67)

NA

NA

3 mo

0.95 (1.00)

1.30 (1.32)

−0.52 (−0.94 to −0.09)

.02

6 mo

1.55 (1.32)

1.89 (1.70)

−0.46 (−1.06 to −0.14)

.13

12 mo

1.50 (1.32)

2.86 (1.89)

−1.65 (−2.28 to −1.02)

<.001

Baseline

110.17 (12.76)

113.42 (12.01)

NA

NA

3 mo

119.56 (14.17)

119.17 (12.45)

0.29 (−5.18 to 5.75)

.92

6 mo

121.51 (13.04)

118.57 (12.92)

2.09 (−3.15 to 7.31)

.43

12 mo

123.79 (12.27)

117.46 (15.84)

6.59 (0.82 to 12.35)

.03

Baseline

42.05 (8.64)

42.23 (9.79)

NA

NA

3 mo

36.13 (7.16)

40.74 (10.81)

−4.09 (−7.80 to −0.39)

.03

6 mo

40.64 (8.73)

41.46 (10.46)

−0.49 (−4.45 to 3.47)

.81

12 mo

38.86 (7.50)

40.16 (10.46)

−2.10 (−5.78 to 1.58)

.26

Baseline

41.82 (9.07)

43.63 (9.84)

NA

NA

3 mo

38.71 (9.54)

41.79 (11.46)

−3.79 (−8.08 to 0.51)

.08

6 mo

39.16 (9.39)

45.81 (13.14)

−6.35 (−11.05 to −1.65)

.009

12 mo

39.84 (8.72)

45.04 (13.75)

−5.32 (−10.04 to −0.60)

.03

Baseline

7.04 (3.45)

6.91 (3.50)

NA

NA

3 mo

5.21 (2.80)

6.11 (3.11)

−1.05 (−2.26 to 0.17)

.09

6 mo

5.88 (3.23)

5.70 (3.69)

0.09 (−1.30 to 1.48)

.90

12 mo

5.75 (2.59)

6.91 (3.42)

−1.32 (−2.56 to −0.09)

.04

Baseline

27.77 (12.25)

27.33 (12.77)

NA

NA

3 mo

18.66 (10.36)

23.32 (12.94)

−4.86 (−9.29 to −0.43)

.03

6 mo

17.36 (10.18)

22.07 (10.63)

−5.74 (−9.71 to −1.77)

.005

12 mo

18.07 (13.91)

22.26 (14.25)

−4.33 (−9.80 to 1.15)

.12

Baseline

44.82 (5.70)

42.30 (4.99)

NA

NA

3 mo

38.91 (7.31)

40.81 (5.36)

−1.84 (−4.34 to 0.66)

.15

6 mo

37.70 (9.18)

40.16 (5.61)

−2.81 (−5.76 to 0.13)

.06

12 mo

37.84 (8.26)

41.12 (5.88)

−3.49 (−6.27 to −0.70)

.02

Baseline

12.29 (4.34)

12.58 (4.14)

NA

NA

3 mo

9.05 (4.89)

11.25 (4.70)

−2.39 (−4.28 to −0.50)

.01

6 mo

8.86 (4.72)

10.40 (5.09)

−1.94 (−3.85 to −0.02)

.048

12 mo

7.71 (4.79)

10.82 (5.86)

−3.31 (−5.46 to −1.16)

.003

Outcome
NRS

P value

F value

P value for overall
group × time interaction

12.23

<.001

9.36

<.001

7.31

<.001

5.06

.003

2.16

.09

2.27

.09

3.45

.02

2.72

.06

10.35

<.001

2.86

.04

Most severe

Average

Current

SF-36

SAS

SDS

PSQI

PASS

TSK

FABQ
FABQ-PA

(continued)
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Table 3. Secondary Outcomes at 3, 6, and 12 Months (continued)
Therapeutic aquatic
exercise group
(n = 56)

Physical therapy
modalities group
(n = 57)

Adjusted between-group difference,
mean (95% CI)a

Baseline

25.70 (9.46)

24.32 (9.16)

NA

NA

3 mo

20.68 (11.10)

22.07 (11.06)

−1.38 (−5.70 to 2.94)

.53

6 mo

20.96 (9.07)

22.61 (11.93)

−1.40 (−5.62 to 2.82)

.51

12 mo

19.75 (10.38)

22.56 (11.24)

−1.88 (−6.10 to 2.33)

.38

Baseline

37.98 (11.83)

36.89 (11.48)

NA

NA

3 mo

29.73 (14.94)

23.32 (13.86)

−3.77 (−9.34 to 1.81)

.18

6 mo

29.82 (12.38)

33.02 (15.73)

−3.34 (−8.91 to 2.23)

.24

12 mo

27.46 (14.22)

33.39 (15.17)

−5.19 (−10.95 to 0.56)

.08

Outcome
FABQ-W

P value

F value

P value for overall
group × time interaction

1.52

.21

2.38

.07

FABQ total

Abbreviations: FABQ, Fear-Avoidance Beliefs Questionnaire; FABQ-PA, FABQ physical
activity; FABQ-W, FABQ work; NA, not applicable; NRS, numeric rating scale; PASS, Pain
Anxiety Symptoms Scale; PSQI, Pittsburgh Sleep Quality Index; SAS, Self-Rating Anxiety
Scale; SDS, Zung Self-rating Depression Scale; SF-36, 36-item Short-Form Health Survey;
TSK, Tampa Scale for Kinesiophobia.

a

Mean differences between groups were adjusted for sex, age, body mass index,
physical activity, low back pain duration, NRS of the most severe low back pain,
medication, and smoking history.

Discussion
The intention-to-treat analyses of the3-month intervention trial and 12-month follow-up of
therapeutic aquatic exercise vs physical therapy modalities for chronic low back pain showed that the
participants in the therapeutic aquatic exercise group gained significantly greater and more clinically
meaningful improvement in disability compared with improvement in the physical therapy
modalities group. We also found that therapeutic aquatic exercise was a more effective treatment
than physical therapy modalities on pain intensity, quality of life, sleep quality, kinesiophobia, and
fear avoidance for patients with chronic low back pain.
Shi et al23 published a meta-analysis that included 8 randomized clinical trials of therapeutic
aquatic exercise for chronic low back pain. The duration of the therapeutic aquatic exercise
intervention was 4 to 15 weeks. The intervention was administered 2 to 5 times a week, each for 30
to 80 minutes. The results suggested that therapeutic aquatic exercise could significantly reduce the
pain intensity of patients with chronic low back pain and improve their functional level. Consistent
with these results, our findings showed that the improvement in pain and dysfunction in the
therapeutic aquatic exercise group was not only statistically significant but was also clinically
significant. Baena-Beato et al47 and Bronwyn48 divided patients with chronic low back pain into the
therapeutic aquatic exercise group and the waiting group and found that therapeutic aquatic exercise
could significantly improve pain degree, dysfunction level, and quality of life. In addition, therapeutic
aquatic exercise had a good effect on the anxiety level of patients with chronic low back pain. Sugano
and Nomura49 reported that therapeutic aquatic exercise lowered the anxiety level in patients with
chronic low back pain and, in a study by Bayraktar et al,50 most patients had high adherence to
therapeutic aquatic exercise and were willing to recommend this treatment to others.
To our knowledge, the efficacy of therapeutic aquatic exercise in the treatment of patients with
chronic low back pain has never been compared with that used in our control group of physical
therapy modalities. Some researchers who chose to carry out similar exercises in water and on land
discovered that the efficiency of therapeutic aquatic exercise and degree of pain relief associated
with therapeutic aquatic exercise were better than those of land exercise.19,51,52 Even after a single
intervention, the frequency of pain in the therapeutic aquatic exercise group was reduced to half of
that in the land exercise group. Participants in the therapeutic aquatic exercise group also
experienced greater improvement in quality of life and dysfunction than those in the land exercise
group. Other researchers provided treatment, such as conventional physical therapy (low back pain
pamphlet and lumbar exercise), multimodal physical therapy, or low back pain school, as an
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intervention in the control group.46,53,54 The dysfunction and quality of life of patients with chronic
low back pain significantly improved after the therapeutic aquatic exercise intervention was added to
the treatments.

Strengths and Limitations
Our study had several strengths. To our knowledge, this was the first study to compare the efficacy
of therapeutic aquatic exercise and physical therapy modalities in the treatment of chronic low back
pain. The control treatment consisted of transcutaneous electrical nerve stimulation and infrared
ray thermal therapy, which are widely used in clinical practice and are proven to exert good curative
effects in patients with chronic low back pain. Second, self-reported information related to chronic
low back pain was recorded in detail, and basic information, such as age, sex, low back pain duration,
and pain level, which might affect the results, were selected as covariates in statistical analysis. Third,
considering that differences between adherent and nonadherent participants might influence the
results, intention-to-treat analysis and per-protocol analysis were performed. Both analyses
supported the fact that therapeutic aquatic exercise was better than physical therapy modalities in
some measured aspects. Fourth, this work had a long follow-up period and a large experimental

Table 4. Adverse Events, GPE, and Recommendation of Participants After 3 Months of Intervention
Group, No. (%)
Therapeutic aquatic
exercise (n = 56)

Physical therapy
modalities (n = 57)

Yes

1 (1.8)

2 (3.5)

No

52 (92.9)

54 (94.7)

Don't know

3 (5.4)

1 (1.8)

Yes

7 (12.5)

8 (14.0)

No

44 (78.6)

43 (75.4)

Don't know

5 (8.9)

6 (10.5)

Yes

1 (1.8)

2 (3.5)

No

53 (94.6)

52 (91.2)

Don't know

2 (3.6)

3 (5.3)

Yes

6 (10.7)

4 (7.0)

No

50 (89.3)

52 (91.2)

Don't know

0

1 (1.8)

Very much improved

5 (8.9)

0

Much improved

14 (25.0)

7 (12.3)

Minimally improved

22 (39.3)

30 (52.6)

No change

14 (25.0)

18 (31.6)

Minimally worse

0

1 (1.8)

Measure

χ2 value

P value

1.38

.61

0.16

.92

0.68

.77

1.38

.63

11.67

.03

9.46

.01

Adverse events
Low back pain related to intervention

Low back pain unrelated to intervention

Other pain related to intervention

Other pain unrelated to intervention

Global perceived effect

Much worse

1 (1.8)

0

Very much worse

0

1 (1.8)

Highly recommended

15 (26.8)

6 (10.5)

Recommended

37 (66.1)

38 (66.7)

Unclear

3 (5.4)

12 (21.1)

Not recommended

1 (1.8)

1 (1.8)

Strongly deprecated

0

0

Recommendation
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sample, which ensured adequate statistical power for detecting the minimal clinical and longterm effects.
This study also had several limitations. First, although the age range was limited to 18 to 65
years, most of the participants were younger. Therefore, a stratified age design should be considered
for future studies. Second, the self-reported pain level was low. Thus, the research results may not
be generalizable to the whole population of people with chronic low back pain. The benefits and
safety of therapeutic aquatic exercise for people with high levels of low back pain warrant study.
Thus, individuals with different pain levels should be considered in future research. Third, given that
the therapeutic aquatic exercise group received aquatic exercise and the physical therapy modalities
group did not receive exercise, whether the effect of therapeutic aquatic exercise originated from
the benefits of the water environment or from the benefits of active exercise was unclear. Future
studies designed to include a group that receives land exercise to reflect the benefits of therapeutic
aquatic exercise on chronic low back pain are needed. Fourth, combining therapeutic aquatic
exercise and physical therapy modalities might be a better rehabilitation program for patients with
chronic low back pain—this is widely used in some rehabilitation centers. Further studies could design
a 3-group comparison. Fifth, blinding of participants and interventionists was impossible. Sixth,
whether the medical costs and productivity losses of the 2 treatment options differed was unclear;
socioeconomic indicators can be included for analysis in future works.

Conclusions
In this randomized clinical trial, patients with chronic low back pain who received therapeutic aquatic
exercise showed greater improvement in terms of function, pain, quality of life, sleep quality, and
mental state than those who underwent physical therapy modalities. Therapeutic aquatic exercise is
a safe treatment for chronic low back pain and most participants who received it were willing to
recommend it to other patients with chronic lowe back pain.

ARTICLE INFORMATION
Accepted for Publication: November 7, 2021.
Published: January 7, 2022. doi:10.1001/jamanetworkopen.2021.42069
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Peng MS
et al. JAMA Network Open.
Corresponding Authors: Pei-Jie Chen, PhD (chenpeijie@sus.edu.cn) and Xue-Qiang Wang, PhD
(wangxueqiang@sus.edu.cn), Department of Sport Rehabilitation, Shanghai University of Sport,
399 Changhai Rd, Shanghai, 200438, China.
Author Affiliations: Department of Sport Rehabilitation, Shanghai University of Sport, Shanghai, China (Peng,
R. Wang, Y.-Z. Wang, Liu, Song, P.-J. Chen, X.-Q. Wang); Department of Rehabilitation Medicine, The Second
Affiliated Hospital of Hainan Medical University, Haikou, China (Peng); Department of Rehabilitation Medicine,
Qingtian People’s Hospital, Lishui, China (C.-C. Chen); Department of Rehabilitation Medicine, Changzhou Seventh
People’s Hospital, Jiangsu Changzhou, China (J. Wang); The Second School of Clinical Medicine, Xuzhou Medical
University, Xuzhou, China (Guo); Department of Rehabilitation Medicine, Shanghai Shangti Orthopaedic Hospital,
Shanghai, China (P.-J. Chen, X.-Q. Wang).
Author Contributions: Dr X.-Q. Wang and Ms Peng had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.
Concept and design: Peng, C. Chen, Song, P.-J. Chen, X.-Q. Wang.
Acquisition, analysis, or interpretation of data: R. Wang, Y.-Z. Wang, J. Wang, Liu, Guo, P.-J. Chen.
Drafting of the manuscript: Peng, Song.
Critical revision of the manuscript for important intellectual content: Peng, R. Wang, Y.-Z. Wang, C.-C. Chen, J. Wang,
Liu, Guo, P.-J. Chen, X.-Q. Wang.
Statistical analysis: J. Wang.

JAMA Network Open. 2022;5(1):e2142069. doi:10.1001/jamanetworkopen.2021.42069 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 05/05/2022

January 7, 2022

11/15

JAMA Network Open | Physical Medicine and Rehabilitation

Efficacy of Aquatic Exercise vs Physical Therapy for Patients With Chronic Low Back Pain

Administrative, technical, or material support: C. Chen, Guo, P.-J. Chen.
Supervision: Peng, R. Wang, Y.-Z. Wang, Liu.
Conflict of Interest Disclosures: None reported.
Funding/Support: This study was supported by grants 81871844 from the National Natural Science Foundation
of China, 161092 from the Fok Ying-Tong Education Foundation of China, 19080503100 from the Science and
Technology Commission of Shanghai Municipality, and 11DZ2261100 from the Shanghai Key Lab of Human
Performance (Shanghai University of Sport), as well as by the Shanghai Frontiers Science Research Base of Exercise
and Metabolic Health.
Role of the Funder/Sponsor: The funding organizations had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for publication.
Data Sharing Statement: See Supplement 3.
Additional Contributions: We thank all of the patients for participation in this study; Yi-Li Zheng, MSc, Hao-Yu Hu,
MSc, Jing-Zhao Yang, MSc, Bao Wu, MSc, Qing Cao, MSc, Tian-Tian Chang, MSc, Xuan Su, MSc, and Yan-Qiao Zhao,
MSc (Department of Sport Rehabilitation, Shanghai University of Sport, Shanghai, China), assisted with completion
of the study. No financial compensation outside of salary was provided.
REFERENCES
1. Maher C, Underwood M, Buchbinder R. Non-specific low back pain. Lancet. 2017;389(10070):736-747. doi:10.
1016/S0140-6736(16)30970-9
2. Balagué F, Mannion AF, Pellisé F, Cedraschi C. Non-specific low back pain. Lancet. 2012;379(9814):482-491.
doi:10.1016/S0140-6736(11)60610-7
3. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, regional, and national incidence,
prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017:
a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1789-1858. doi:10.
1016/S0140-6736(18)32279-7
4. Gore M, Sadosky A, Stacey BR, Tai KS, Leslie D. The burden of chronic low back pain: clinical comorbidities,
treatment patterns, and health care costs in usual care settings. Spine (Phila Pa 1976). 2012;37(11):E668-E677. doi:
10.1097/BRS.0b013e318241e5de
5. Bernstein IA, Malik Q, Carville S, Ward S. Low back pain and sciatica: summary of NICE guidance. BMJ. 2017;
356:i6748. doi:10.1136/bmj.i6748
6. Chou R, Deyo R, Friedly J, et al. Nonpharmacologic therapies for low back pain: a systematic review for an
American College of Physicians clinical practice guideline. Ann Intern Med. 2017;166(7):493-505. doi:10.7326/
M16-2459
7. Qaseem A, Wilt TJ, McLean RM, et al; Clinical Guidelines Committee of the American College of Physicians.
Noninvasive treatments for acute, subacute, and chronic low back pain: a clinical practice guideline from the
American College of Physicians. Ann Intern Med. 2017;166(7):514-530. doi:10.7326/M16-2367
8. Miyamoto GC, Franco KFM, van Dongen JM, et al. Different doses of Pilates-based exercise therapy for chronic
low back pain: a randomised controlled trial with economic evaluation. Br J Sports Med. 2018;52(13):859-868. doi:
10.1136/bjsports-2017-098825
9. Wang XQ, Gu W, Chen BL, et al. Effects of whole-body vibration exercise for non-specific chronic low back pain:
an assessor-blind, randomized controlled trial. Clin Rehabil. 2019;33(9):1445-1457. doi:10.1177/
0269215519848076
10. Saper RB, Lemaster C, Delitto A, et al. Yoga, physical therapy, or education for chronic low back pain:
a randomized noninferiority trial. Ann Intern Med. 2017;167(2):85-94. doi:10.7326/M16-2579
11. Huang Z, Ma J, Chen J, Shen B, Pei F, Kraus VB. The effectiveness of low-level laser therapy for nonspecific
chronic low back pain: a systematic review and meta-analysis. Arthritis Res Ther. 2015;17:360. doi:10.1186/s13075015-0882-0
12. Jauregui JJ, Cherian JJ, Gwam CU, et al. A meta-analysis of transcutaneous electrical nerve stimulation for
chronic low back pain. Surg Technol Int. 2016;28:296-302.
13. Jamison RN, Wan L, Edwards RR, Mei A, Ross EL. Outcome of a high-frequency transcutaneous electrical nerve
stimulator (hfTENS) device for low back pain: a randomized controlled trial. Pain Pract. 2019;19(5):466-475. doi:
10.1111/papr.12764
14. Wong CH, Lin LC, Lee HH, Liu CF. The analgesic effect of thermal therapy after total knee arthroplasty. J Altern
Complement Med. 2012;18(2):175-179. doi:10.1089/acm.2010.0815

JAMA Network Open. 2022;5(1):e2142069. doi:10.1001/jamanetworkopen.2021.42069 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 05/05/2022

January 7, 2022

12/15

JAMA Network Open | Physical Medicine and Rehabilitation

Efficacy of Aquatic Exercise vs Physical Therapy for Patients With Chronic Low Back Pain

15. Uthman OA, van der Windt DA, Jordan JL, et al. Exercise for lower limb osteoarthritis: systematic review
incorporating trial sequential analysis and network meta-analysis. BMJ. 2013;347:f5555. doi:10.1136/bmj.f5555
16. Zampogna B, Papalia R, Papalia GF, et al. The role of physical activity as conservative treatment for hip and
knee osteoarthritis in older people: a systematic review and meta-analysis. J Clin Med. 2020;9(4):1167. doi:10.
3390/jcm9041167
17. Lahart IM, Metsios GS. Chronic physiological effects of swim training interventions in non-elite swimmers:
a systematic review and meta-analysis. Sports Med. 2018;48(2):337-359. doi:10.1007/s40279-017-0805-0
18. Baena-Beato PA, Arroyo-Morales M, Delgado-Fernández M, Gatto-Cardia MC, Artero EG. Effects of different
frequencies (2-3 days/week) of aquatic therapy program in adults with chronic low back pain: a non-randomized
comparison trial. Pain Med. 2013;14(1):145-158. doi:10.1111/pme.12002
19. Dundar U, Solak O, Yigit I, Evcik D, Kavuncu V. Clinical effectiveness of aquatic exercise to treat chronic low
back pain: a randomized controlled trial. Spine (Phila Pa 1976). 2009;34(14):1436-1440. doi:10.1097/BRS.
0b013e3181a79618
20. Rivas Neira S, Pasqual Marques A, Pegito Pérez I, Fernández Cervantes R, Vivas Costa J. Effectiveness of
aquatic therapy vs land-based therapy for balance and pain in women with fibromyalgia: a study protocol for a
randomised controlled trial. BMC Musculoskelet Disord. 2017;18(1):22. doi:10.1186/s12891-016-1364-5
21. Carroll LM, Volpe D, Morris ME, Saunders J, Clifford AM. Aquatic exercise therapy for people with Parkinson
disease: a randomized controlled trial. Arch Phys Med Rehabil. 2017;98(4):631-638. doi:10.1016/j.apmr.2016.
12.006
22. Bressel E, Dolny DG, Gibbons M. Trunk muscle activity during exercises performed on land and in water. Med
Sci Sports Exerc. 2011;43(10):1927-1932. doi:10.1249/MSS.0b013e318219dae7
23. Shi Z, Zhou H, Lu L, et al. Aquatic exercises in the treatment of low back pain: a systematic review of the
literature and meta-analysis of eight studies. Am J Phys Med Rehabil. 2018;97(2):116-122. doi:10.1097/PHM.
0000000000000801
24. Waller B, Lambeck J, Daly D. Therapeutic aquatic exercise in the treatment of low back pain: a systematic
review. Clin Rehabil. 2009;23(1):3-14. doi:10.1177/0269215508097856
25. Li F, Harmer P, Fitzgerald K, et al. Tai chi and postural stability in patients with Parkinson’s disease. N Engl J
Med. 2012;366(6):511-519. doi:10.1056/NEJMoa1107911
26. Wallace LK, Slattery KM, Coutts AJ. The ecological validity and application of the session-RPE method for
quantifying training loads in swimming. J Strength Cond Res. 2009;23(1):33-38. doi:10.1519/JSC.
0b013e3181874512
27. Elserty N, Kattabei O, Elhafez H. Effect of fixed versus adjusted transcutaneous electrical nerve stimulation
amplitude on chronic mechanical low back pain. J Altern Complement Med. 2016;22(7):557-562. doi:10.1089/acm.
2015.0063
28. Khadilkar A, Odebiyi DO, Brosseau L, Wells GA. Transcutaneous electrical nerve stimulation (TENS) versus
placebo for chronic low-back pain. Cochrane Database Syst Rev. 2008;(4):CD003008. doi:10.1002/14651858.
CD003008.pub3
29. Diab AA, Moustafa IM. Lumbar lordosis rehabilitation for pain and lumbar segmental motion in chronic
mechanical low back pain: a randomized trial. J Manipulative Physiol Ther. 2012;35(4):246-253. doi:10.1016/j.jmpt.
2012.04.021
30. Gale GD, Rothbart PJ, Li Y. Infrared therapy for chronic low back pain: a randomized, controlled trial. Pain Res
Manag. 2006;11(3):193-196. doi:10.1155/2006/876920
31. Mbada CE, Idowu OA, Ogunjimi OR, et al. Cross-cultural adaptation, reliability, and validity of the Yoruba
version of the Roland-Morris Disability Questionnaire. Spine (Phila Pa 1976). 2017;42(7):497-503. doi:10.1097/BRS.
0000000000001899
32. Yi H, Ji X, Wei X, et al. Reliability and validity of simplified Chinese version of Roland-Morris questionnaire in
evaluating rural and urban patients with low back pain. PLoS One. 2012;7(1):e30807. doi:10.1371/journal.pone.
0030807
33. Morone NE, Rollman BL, Moore CG, Li Q, Weiner DK. A mind-body program for older adults with chronic low
back pain: results of a pilot study. Pain Med. 2009;10(8):1395-1407. doi:10.1111/j.1526-4637.2009.00746.x
34. Zhang Y, Qu B, Lun SS, Guo Y, Liu J. The 36-item Short Form Health Survey: reliability and validity in Chinese
medical students. Int J Med Sci. 2012;9(7):521-526. doi:10.7150/ijms.4503
35. Samakouri M, Bouhos G, Kadoglou M, Giantzelidou A, Tsolaki K, Livaditis M. Standardization of the Greek
version of Zung’s Self-rating Anxiety Scale (SAS) [in Greek]. Psychiatriki. 2012;23(3):212-220.

JAMA Network Open. 2022;5(1):e2142069. doi:10.1001/jamanetworkopen.2021.42069 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 05/05/2022

January 7, 2022

13/15

JAMA Network Open | Physical Medicine and Rehabilitation

Efficacy of Aquatic Exercise vs Physical Therapy for Patients With Chronic Low Back Pain

36. Jokelainen J, Timonen M, Keinänen-Kiukaanniemi S, Härkönen P, Jurvelin H, Suija K. Validation of the Zung
self-rating depression scale (SDS) in older adults. Scand J Prim Health Care. 2019;37(3):353-357. doi:10.1080/
02813432.2019.1639923
37. Hita-Contreras F, Martínez-López E, Latorre-Román PA, Garrido F, Santos MA, Martínez-Amat A. Reliability and
validity of the Spanish version of the Pittsburgh Sleep Quality Index (PSQI) in patients with fibromyalgia.
Rheumatol Int. 2014;34(7):929-936. doi:10.1007/s00296-014-2960-z
38. Zhou XY, Xu XM, Wang F, et al. Validations and psychological properties of a simplified Chinese version of pain
anxiety symptoms scale (SC-PASS). Medicine (Baltimore). 2017;96(10):e5626. doi:10.1097/MD.
0000000000005626
39. Aguiar AS, Bataglion C, Visscher CM, Bevilaqua Grossi D, Chaves TC. Cross-cultural adaptation, reliability and
construct validity of the Tampa scale for Kinesiophobia for temporomandibular disorders (TSK/TMD-Br) into
Brazilian Portuguese. J Oral Rehabil. 2017;44(7):500-510. doi:10.1111/joor.12515
40. Wei X, Xu X, Zhao Y, Hu W, Bai Y, Li M. The Chinese version of the Tampa Scale for Kinesiophobia was crossculturally adapted and validated in patients with low back pain. J Clin Epidemiol. 2015;68(10):1205-1212. doi:10.
1016/j.jclinepi.2015.07.003
41. Franchignoni F, Giordano A, Rocca B, Ferriero G, Monticone M. A further Rasch analysis of the Fear-Avoidance
Beliefs Questionnaire in adults with chronic low back pain suggests the revision of its rating scale. Eur J Phys
Rehabil Med. 2021;57(1):110-119. doi:10.23736/S1973-9087.20.06328-5
42. Lee MK, Yost KJ, McDonald JS, Dougherty RW, Vine RL, Kallmes DF. Item response theory analysis to evaluate
reliability and minimal clinically important change of the Roland-Morris Disability Questionnaire in patients with
severe disability due to back pain from vertebral compression fractures. Spine J. 2017;17(6):821-829. doi:10.1016/j.
spinee.2017.01.002
43. Ostelo RW, Deyo RA, Stratford P, et al. Interpreting change scores for pain and functional status in low back
pain: towards international consensus regarding minimal important change. Spine (Phila Pa 1976). 2008;33
(1):90-94. doi:10.1097/BRS.0b013e31815e3a10
44. Evans R, Bronfort G, Maiers M, Schulz C, Hartvigsen J. “I know it’s changed”: a mixed-methods study of the
meaning of global perceived effect in chronic neck pain patients. Eur Spine J. 2014;23(4):888-897. doi:10.1007/
s00586-013-3149-y
45. Kamper SJ, Ostelo RW, Knol DL, Maher CG, de Vet HC, Hancock MJ. Global perceived effect scales provided
reliable assessments of health transition in people with musculoskeletal disorders, but ratings are strongly
influenced by current status. J Clin Epidemiol. 2010;63(7):760-766.e1. doi:10.1016/j.jclinepi.2009.09.009
46. Costantino C, Romiti D. Effectiveness of back school program versus hydrotherapy in elderly patients with
chronic non-specific low back pain: a randomized clinical trial. Acta Biomed. 2014;85(3):52-61.
47. Baena-Beato PA, Artero EG, Arroyo-Morales M, Robles-Fuentes A, Gatto-Cardia MC, Delgado-Fernández M.
Aquatic therapy improves pain, disability, quality of life, body composition and fitness in sedentary adults with
chronic low back pain: a controlled clinical trial. Clin Rehabil. 2014;28(4):350-360. doi:10.1177/
0269215513504943
48. Bronwyn M. A randomised controlled study of the outcome of hydrotherapy for subjects with low back or
back and leg pain. Physiotherapy. 1998;84(1):17-26. doi:10.1016/S0031-9406(05)65898-1
49. Sugano A, Nomura T. Influence of water exercise and land stretching on salivary cortisol concentrations and
anxiety in chronic low back pain patients. J Physiol Anthropol Appl Human Sci. 2000;19(4):175-180. doi:10.2114/
jpa.19.175
50. Bayraktar D, Guclu-Gunduz A, Lambeck J, Yazici G, Aykol S, Demirci H. A comparison of water-based and landbased core stability exercises in patients with lumbar disc herniation: a pilot study. Disabil Rehabil. 2016;38(12):
1163-1171. doi:10.3109/09638288.2015.1075608
51. Sjogren T, Long N, Storay I, Smith J. Group hydrotherapy versus group land-based treatment for chronic low
back pain. Physiother Res Int. 1997;2(4):212-222. doi:10.1002/pri.107
52. Psycharakis SG, Coleman SGS, Linton L, Kaliarntas K, Valentin S. Muscle activity during aquatic and land
exercises in people with and without low back pain. Phys Ther. 2019;99(3):297-310. doi:10.1093/ptj/pzy150
53. Cuesta-Vargas AI, Adams N, Salazar JA, Belles A, Hazañas S, Arroyo-Morales M. Deep water running and
general practice in primary care for non-specific low back pain versus general practice alone: randomized
controlled trial. Clin Rheumatol. 2012;31(7):1073-1078. doi:10.1007/s10067-012-1977-5

JAMA Network Open. 2022;5(1):e2142069. doi:10.1001/jamanetworkopen.2021.42069 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 05/05/2022

January 7, 2022

14/15

JAMA Network Open | Physical Medicine and Rehabilitation

Efficacy of Aquatic Exercise vs Physical Therapy for Patients With Chronic Low Back Pain

54. Cuesta-Vargas AI, García-Romero JC, Arroyo-Morales M, Diego-Acosta AM, Daly DJ. Exercise, manual therapy,
and education with or without high-intensity deep-water running for nonspecific chronic low back pain:
a pragmatic randomized controlled trial. Am J Phys Med Rehabil. 2011;90(7):526-534. doi:10.1097/PHM.
0b013e31821a71d0
SUPPLEMENT 1.
Trial Protocol
SUPPLEMENT 2.
eTable 1. Demographic and Clinical Characteristics of Participants in Each Group at Baseline
eTable 2. The Number and Percentage of Participants Who Met MCID for Pain Level and Functional Status at 3, 6
and 12 Months
eTable 3. Primary Outcomes for the Two Groups at 3, 6, and 12 Months (Per-Protocol Analysis)
eTable 4. Secondary Outcomes for the Two Groups at 3, 6, and 12 Months (Per-Protocol Analysis)
eTable 5. Outcomes for the Two Groups at 3, 6, and 12 Months (Intention-to-Treat Analysis With the Worst Case)
SUPPLEMENT 3.
Data Sharing Statement

JAMA Network Open. 2022;5(1):e2142069. doi:10.1001/jamanetworkopen.2021.42069 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 05/05/2022

January 7, 2022

15/15

