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Abstract 

Chronic low back pain is a clinical condition that significantly affects 

individuals' functionality, emotional well-being, and social life. 

Various interventions are recommended for its management, with 

physical exercise, whether land- or water-based, standing out as one of 

the most effective. 

Thus, in this study, we initially conducted a randomized controlled 

trial protocol aimed to compare the effect of a combined aquatic and 

land-based exercise program with an aquatic-exercise program in 

adults with chronic low back pain. The findings could offer valuable 

insights for the management of chronic low back pain. 

Subsequently, and based on the previously established protocol, we 

conducted a randomized controlled study with both exercise programs 

described earlier, over a period of 8 weeks. The aim was to assess the 

effect on pain, functional disability, fear of movement, and lumbar 

mobility. Additionally, the impact of the exercise programs on these 

same variables was analyzed after a 4-week detraining period. 

The results showed that, after 8 weeks, both exercise programs 

contributed significantly to the reduction of pain, functional disability, 

and fear of movement, as well as to the improvement of lumbar 

mobility. Nevertheless, the combined exercise program appeared to 

yield significantly better results compared to the aquatic-exercise 

program on pain, functional disability, and fear of movement. After 

the 4-week detraining period, participants in both groups experienced 

a significant increase in pain, functional disability, and fear of 

movement, along with a decrease in lumbar mobility. 

Further research should be conducted considering a detraining period 

longer than the one analyzed. 

 

Keywords 

Aquatic Therapy, Disability, Exercise, Kinesiophobia, Low Back 

Pain. 
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Resumo 

A dor lombar crónica é uma condição clínica que afeta de forma 

significativa a funcionalidade, o bem-estar emocional e a vida social 

dos indivíduos. Diversas estratégias terapêuticas são recomendadas 

para a sua gestão, destacando-se, o exercício físico, realizado tanto em 

meio terrestre como em meio aquático, como uma das mais eficazes. 

Assim, neste trabalho, realizámos inicialmente um protocolo de estudo 

randomizado controlado que procuraria comparar o efeito de um 

programa de exercício combinado aquático e terrestre com um 

programa de exercício aquático, em adultos com dor lombar crónica. 

Os resultados poderiam oferecer informações valiosas para a gestão da 

dor lombar crónica. 

Posteriormente, e com base no protocolo efetuado, desenvolvemos um 

estudo randomizado controlado, com os dois programas de exercício 

previamente descritos, ao longo de 8 semanas. Procurou-se avaliar o 

efeito na dor, incapacidade funcional, medo de movimento e 

mobilidade lombar. Adicionalmente, analisou-se o efeito dos 

programas de exercício nas mesmas variáveis após um período de 

destreino de 4 semanas. 

Os resultados demonstraram que ao final das 8 semanas, os dois 

programas de exercício contribuíram significativamente para a 

redução da dor, incapacidade funcional e medo do movimento, bem 

como para o aumento da mobilidade lombar. Ainda assim, o programa 

de exercício combinado aparentou ter resultados significativamente 

superiores comparativamente ao programa de exercício aquático na 

dor, incapacidade funcional e medo do movimento. Após as 4 

semanas de destreino verificou-se que os participantes dos dois grupos 

aumentaram significativamente a dor, incapacidade funcional e medo 

do movimento e diminuíram a mobilidade lombar. 

Mais investigação deve ser desenvolvida considerando um período de 

destreino superior ao analisado. 

 

Palavras chave 

Cinesiofobia, Dor Lombar, Exercício, Incapacidade, Terapia 

Aquática. 
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Introduction 

in 

Exercise Prescription and Health Promotion, of the School of Education and Social 

Sciences, Polytechnic University of Leiria. The main content of this work is organized 

into two parts, namely: Chapter 1 - Effects of a land and aquatic exercise-based program 

on pain, mobility and quality of life in patients with chronic low back pain: a study 

protocol for a randomized controlled trial; and Chapter 2  Effects of a land and aquatic 

exercise-based program on pain and functional disability in patients with chronic low 

back pain: a randomized controlled trial. 

Chronic low back pain constitutes one of the most prevalent public health challenges 

worldwide. It has a significant impact on functionality, well-being, and quality of life, 

leading to limitations in both social and professional life for affected individuals, with 

economic implications and associated direct and indirect annual costs related to 

healthcare resource utilization. Therefore, it is essential to investigate therapeutic 

strategies for the relief of this condition. Exercise is recommended as a first-line 

treatment for reducing pain and disability levels. However, there is still insufficient 

research detailing all its parameters. Accordingly, Chapter 1 presents a study protocol 

for a randomized controlled trial that aimed to analyze the effects of an 8-week aquatic 

and land-based exercise program compared to an aquatic-only exercise program in 

adults with chronic low back pain. Additionally, the detraining effects after 4 weeks 

were also assessed in both groups. 

In Chapter 2, based on the study protocol established in Chapter 1, we conducted a 

randomized controlled trial to evaluate the effects of an 8-week aquatic and land-based 

exercise program compared to an aquatic-only exercise program in adults with chronic 

low back pain. Additionally, the detraining effects after 4 weeks were assessed in both 

groups. The variables analyzed included pain at rest, at movement, and at night through 

the Visual Analogue Scale, disability level through the Oswestry Disability Index, fear 

of movement through the Tampa Scale of Kinesiophobia-13 and lumbar mobility 

through the Modified-Modified Schober Test. 
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Chapter 1 - Effects of a land and aquatic exercise-based 

program on pain, mobility and quality of life in patients 

with chronic low back pain: a study protocol for a 

randomized controlled trial 

 

Abstract 

Background: Chronic low back pain (CLBP) is a disease with significant functional, 

emotional and social impact. Several interventions are proposed for its management and 

exercise is one of main, land-based or water-based. This study describes a randomized 

controlled trial that will analyze the effect of a combined aquatic and land-based 

exercise program compared to an aquatic based program on pain, functional incapacity 

and quality of life in adults with CLBP. Additionally, it will analyze the effects of 

exercise cessation in the same outcomes. 

Methods and design: A blind randomized controlled trial will be developed with a 1:1 

allocation ratio. Around 30 adults with mechanical CLBP will be randomly allocated in 

two groups. The experimental group (ALG) will complete an aquatic and land-based 

exercise program and control group (AG) will carry out only an aquatic program, both 

for 8 weeks. Participants will be assessed with Visual Analogue Scale, Oswestry 

Disability Index, Short-Form 36, Tampa Scale of Kinesiophobia-13 and Modified-

Modified Schober Test, collected at baseline (M0), after 8 weeks (M1) and 4 weeks 

after the end of the intervention (M2). 

Discussion: This study may provide a relevant contribution to understand the potential 

effect of a combined land and aquatic exercise program on pain, functional disability, 

fear of movement, quality of life and lumbar mobility. The results may provide 

important information for CLBP management. 

Trial registration: This trial is registered with ClinicalTrials.gov (registration number: 

NCT06641570; date of registration: October 14, 2024). 
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Introduction 

weeks (GBD, 2023; Knezevic et al., 2021; Violante et al., 2015). It can be distinguished 

in two main categories: specific, when the cause is attributed to a pathology or structural 

lesion and non-specific (accounts for about 90% of cases), when it is not possible to 

determine a recognizable known cause (GBD, 2023). Low physical activity levels, 

obesity, smoking and high stress constitute risk factors for its occurrence (Stevans et al., 

2021). 

This is one of the most frequent public health problems with a high prevalence in the 

world population (Freburger et al., 2009). According to GBD (2023), CLBP in 2020 

affected around 619 million people worldwide, and it is estimated that more than 80% 

of the population will have at least one episode of low back pain in their life (Freburger 

et al., 2009). The prevalence of CLBP is 4.2% in people aged between 24 and 39 years 

old and 19.6% between 20 and 59 years old, noting that women have CLBP more 

frequently than men (Meucci et al., 2015). Therefore, CLBP has a strong impact on 

functionality, well-being and quality of life, leading to limitations in social and work 

life of who suffers from this health condition, with economy implications and direct and 

indirect annual costs associated with health care resources usage (Balagué et al., 2012; 

Dagenais et al., 2008; Vlaeyen et al., 2018). 

These justify the need to study therapeutic strategies to manage this chronic condition. 

Some guidelines for the management of CLBP recommend physical exercise as a first-

line treatment to reduce pain and disability, with programs duration superior than 

twenty hours for higher benefits, not mentioning the most appropriate type or intensity 

(National Collaborating Centre for Primary Care, 2009; Savigny et al., 2009; WHO, 

2023). A systematic review with meta-analysis conducted by Hayden et al. (2021) 

concluded that exercise can provide benefits in pain and disability caused by CLBP, 

compared to controls without treatment or with placebo intervention. Additionally, the 

same authors added that few studies report side effects associated with exercise. 

On the other hand, prolonged periods of physical inactivity negatively impact the 

recovery from pain and functional disability caused by CLBP, so it is recommended that 

these individuals remain physically active (NHS, 2022). Some authors suggest a variety 
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of exercise types for managing CLBP, including aerobic exercise (from light to high 

intensity) (Chan et al., 2011; Chatzitheodorou et al., 2007), muscle strengthening 

exercises (Inani & Selkar, 2013; Stankovic et al., 2012), and flexibility exercises 

(Kuukkanen & Mälkiä, 2000). Furthermore, Psycharakis et al. (2022) highlight core 

stability exercises, as they recruit lumbar spine and pelvis stabilizing muscles. These 

exercises aim to counteract the decreased spine and pelvis neuromotor control and the 

muscle weakness of the abdominal and hip muscles observed in individuals with CLBP 

(D'Hooge et al., 2013; Nourbakhsh & Arab, 2002). However, there is no consensus on 

the most suitable type of exercise, making it a controversial topic that requires further 

scientific research (Hayden, et al., 2005b; Smith & Osborn, 2007). 

The reduction of lumbar spine stability due to decreased core muscle activity can lead to 

CLBP, with some studies indicating that activation exercises for the abdominal and 

spinal extensor muscles may play an important role in this condition management 

(Danneels et al., 2000; Gordon & Bloxham, 2016; Willson et al., 2005). In turn, 

decreased lumbar spinal joint mobility and reduced flexibility in muscles such as the 

spinal extensors, hip flexors, and hamstrings may also contribute to CLBP persistence, 

justifying the inclusion of stretching exercises in exercise programs (Gordon & 

Bloxham, 2016; Turci et al., 2023). 

Another proposed modality is aquatic exercise, which utilizes the properties and 

characteristics of water for physical activity, aiming to reduce pain, strengthen muscles, 

and promote relaxation, among other benefits (Camilotti et al., 2009; Cimbiz et al., 

2005). Thus, aquatic exercise is of particular interest, as the unique properties of water, 

such as buoyancy and hydrostatic pressure, reduce joint stress on the spine and other 

joints, and enhance balance, mobility, and pain control (Baena-Beato et al., 2014; 

Bressel et al., 2011; Camilotti et al., 2009). Additionally, the aquatic environment 

allows individuals to perform movements that are typically difficult or impossible on 

land (Becker & Cole, 2004). Beyond this, continuous movement of the limbs against the 

resistance of the water leads to increased muscle strength and cardiovascular benefits 

(Campbell et al., 2003; Pöyhönen et al., 2002; Yozbatiran et al., 2004). A systematic 

review by Ma et al. (2022) found that aquatic exercise programs were effective in 

reducing pain and improving quality of life and functional capacity in patients with 

CLBP, compared to other interventions or control groups with no intervention. Some 

authors argue that the buoyancy achieved during aquatic exercise can reduce the impact 
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of gravity on the body, decreasing joint stress during exercise and pain (Abadi et al., 

2019; Louw et al., 2016; Waller et al., 2009). Other researchers found that aquatic may 

be more beneficial than land-based programs in lumbar pain, health related quality of 

life, and functional disability (Bello et al., 2010; Dundar et al., 2009; Yücesoy et al., 

2021). In contrast, Yalfani et al. (2020) compared a Pilates exercise program performed 

in water with the same program conducted on land and found that both significantly 

reduced pain and dysfunction, with no significant differences between the programs. In 

light of these differences in the literature, no study has yet investigated whether there is 

an additional effect from combining land-based and water-based exercises on the same 

variables, compared to an exclusive water exercise program. 

Moreover, few authors have investigated the effects of cessation of exercise (Glass et 

al., 2004; Mujika & Padilla, 2000). Mujika & Padilla (2000) argue that detraining can 

be divided into two study periods: short-term, less than 4 weeks, and long-term, more 

than 4 weeks. Therefore, Toraman & Ayceman (2005) found that after 4 weeks of 

interruption following a 9-week aerobic, strength, and flexibility training program, 

conducted 3 times a week, participants showed a reduction in performance levels on 

various functional tests, standing out the Chair Sit and Reach, compared to the end of 

the intervention, although the changes were not statistically significant. Thus, the 

impact of aquatic exercise, core stability exercise, and trunk and lower limb stretching 

cessation on individuals with CLBP remains unclear. 

This trial aims to assess the effect of a combined aquatic and land-based exercise 

program compared to an aquatic program on pain, functional disability, and quality of 

life in adults with CLBP. Secondary objectives include investigating the effects on 

lumbar mobility and fear of movement, as well as the impact of training cessation on 

these variables 4 weeks after the end of the intervention. We hypothesize that combined 

aquatic and land-based exercise decreases significantly pain, and functional disability, 

and increases quality of life in adults with CLBP. 
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Materials and methods 

Study design 

This investigation will follow a quantitative model and a randomized controlled trial 

(RCT) study design, according to the Statement guidelines for standard protocol items 

in clinical trials (SPIRIT) and the Consolidated Standards of Reporting Trials 

(CONSORT) statement (Chan et al., 2013; Schulz et al., 2010). Appendix 3 shows the 

SIPRIT checklist. This study protocol is registered in the Clinicaltrials. gov ID: 

NCT06641570 (date of registration: October 14, 2024). 

Participants 

The study sample will consist of both gender Portuguese participants, over 18 years, 

with CLBP lasting three months or longer and with an intensity of 3 or higher on the 

visual analogue scale (VAS) at rest. Individuals who refuse to participate or do not 

provide informed consent will be excluded, as well as those with pain radiating to the 

lower limb, recent pregnancy or childbirth (less than 8 weeks ago) (Kalra et al., 2017), 

ongoing physical therapy treatments, severe rheumatological, neurological, neoplastic, 

cardiovascular diseases, or other conditions that could prevent full participation in the 

intervention, a history of spinal surgery, inflammatory, infectious, or malignant spinal 

diseases, and psychiatric disorders that may affect adherence and symptom assessment 

(Bello et al., 2010; Dundar et al., 2009; Yücesoy et al., 2021). 

The sample will be randomly divided into two groups: the experimental group, which 

will undergo the aquatic and land-exercise program (ALG), and the control group, 

which will perform the aquatic-exercise program (AG). 

The required sample size was calculated using the G*Power software (3.1.9.4; Heinrich 

Heine University Düsseldorf, DE), based on a study with 65 participants by Dundar et 

al. (2009) and corroborated by other studies (Assis et al., 2006; Geneen et al., 2017; 

Hayden, et al., 2005a). The aim was to detect differences in pain intensity (VAS) 

between the aquatic exercise program group and the control group (land exercise), with 

an effect size of 1.079, =0.05, and a power of 80%. The total sample size needed to 

achieve the objective will be 30 participants (15 in each group). 
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Thus, the study should start with an additional 15% of the planned sample size for each 

group to account for potential dropouts and as well as adopt cognitive-behavioral 

strategies to reduce dropout rates, such as setting flexible and participant-driven goals or 

providing positive and individualized feedback (Collado-Mateo et al., 2021; Robison & 

Rogers, 1994). 

Ethics 

According to the Helsinki Declaration protocol (1964), written informed consent 

(Appendix 4) will be obtained from the participants (WMA, 2013). All participants 

receive a signed copy. Each participant will receive a unique coded alphanumeric 

identification ensuring data anonymity in accordance with the General Data Protection 

Regulation (GDPR), following Regulation (EU) 2016/679 of the European Parliament 

of April 27, 2016, and the Personal Data Protection Law, according to Law No. 58/2019 

of August 8. The files that connect alphanumeric codes to participants identifying 

information will be stored in a separate locked file protected by a password access 

system, only known by the principal investigator (Chan et al., 2013). 

This study will be based on the ethical standards required in scientific research and was 

submitted for review by the Ethics Committee of the Polytechnic University of Leiria 

(Appendix 5) and approved on March 27, 2024 (reference: CE/IPLEIRIA/47/2024). 

Study procedures, protocol risks voluntary character of participation and expected 

results will be explained to the participants. The right to withdraw without any prejudice 

or consequence will be ensured. 

Intervention 

The intervention will take place over 8 weeks at the Municipal Pool of Paião, located in 

Figueira da Foz, Portugal. The AG will conduct the aquatic exercise program, while the 

ALG will carry out both aquatic and land-based exercise programs. The intervention 

will begin after a one-week washout period, during which participants will cease any 

additional physical exercise, which they will maintain throughout the intervention 

weeks. 

To monitor the intensity of the interventions, Borg CR-10 scale will be used. This is a 

tool to rate dyspnea and/or perceived exertion (RPE) experienced by an individual. The 
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scale consists of a numerical list with 10 points (0 10), an adaptation of the original 

scale (6 20), that assesses and monitors the intensity/severity of shortness of 

ever experienced or the worst imaginable dyspnea/ fatigue (Borg, 1998; Williams, 

2017). This instrument will not be used during the assessment moments before and after 

the exercise programs but only to monitor the intensity during the sessions of both 

aquatic and land-based exercise programs. This scale is validated for monitoring 

dyspnea and fatigue, showing an excellent correlation with heart rate (r = 0.92) and 

VO2 (r=0.92 0.93) and moderate reliability (ICC=0.50 0.66) (Grant et al., 1999). 

Participants will be encouraged to maintain their daily activities as usual outside of the 

study. The participants may not participate in any other exercise programs. 

Aquatic-exercise program 

This intervention will consist of an aquatic-exercise program (Table 1), administered by 

a physiotherapist. It will include 16 sessions, twice a week, over 8 weeks at a water 

temperature between 32 34ºC. Each session will be conducted in groups of 8 12 

patients and will last about 45 minutes. The aquatic exercise sessions will include a 

warm-up phase (5 minutes): walking forwards, sideways, and backwards; a training 

phase (35 minutes): active range of motion exercises (10 minutes) for the spine, upper 

and lower limbs; aerobic exercises (5 minutes) with jumps and static running at various 

speeds; muscle strengthening (10 15 minutes), (8 12 repetitions), 1 2 sets, 8 10 

exercises including hip flexion, extension, adduction, and abduction, knee flexion and 

extension, knee cycling, shoulder flexion, extension, and abduction, elbow flexion, 

extension, and pronation-supination, squatting, and stretching exercises (5 10 minutes) 

for the neck, trunk, and limbs; and a relaxation/cool-down phase (5 minutes): including 

lying supine and low-impact exercises such as slow walking, squatting, and standing 

(Abadi et al., 2019; Bello et al., 2010; Dundar et al., 2009; Ma et al., 2022; Psycharakis 

et al., 2022). For participants who cannot complete any exercise due to difficulty or 

discomfort, a modified version of each exercise will be offered. The load progression 

will be managed using auxiliary equipment, including flotation devices, plates, balls, 

pull- -10 

scale. 



9 
 T

ab
le

 1
 -

 A
qu

at
ic

-e
xe

rc
is

e 
pr

og
ra

m
 

T
yp

e 
F

re
qu

en
cy

 a
n

d 

du
ra

ti
on

 

In
te

ns
it

y 

W
ee

k
 1

-4
 

W
ee

k 
5-

8 

A
qu

at
ic

 

ex
er

ci
se

: 

ae
ro

bi
c,

 

re
si

st
an

ce
, 

an
d 

fl
ex

ib
ili

ty
 

tr
ai

ni
ng

 

pe
rf

or
m

ed
 

in
 w

at
er

. 

2 
tim

es
 p

er
 

w
ee

k.
 S

es
si

on
 

du
ra

ti
on

: 4
0-

45
 

m
in

 (
w

ar
m

-u
p 

ph
as

e:
 5

 m
in

, 

tr
ai

ni
ng

 p
ha

se
: 

30
-3

5 
m

in
; a

nd
 

re
la

xa
ti

on
/c

oo
l-

do
w

n 
ph

as
e:

 5
 

m
in

).
 

W
ar

m
-u

p
 p

h
as

e:
 

L
ow

-i
nt

en
si

ty
 a

er
ob

ic
 e

xe
rc

is
e:

 w
al

ki
ng

 f
or

w
ar

ds
, s

id
ew

ay
s,

 a
nd

 

ba
ck

w
ar

ds
. R

PE
: 3

-4
 (

B
or

g 
C

R
-1

0 
S

ca
le

).
 

T
ra

in
in

g 
p

ha
se

: 

A
ct

iv
e 

ra
ng

e 
of

 m
ot

io
n 

ex
er

ci
se

s:
 s

pi
ne

, u
pp

er
 a

nd
 lo

w
er

 li
m

bs
. R

PE
: 3

-

4 
(B

or
g 

C
R

-1
0 

Sc
al

e)
. 

M
od

er
at

e-
in

te
ns

it
y 

ae
ro

bi
c 

ex
er

ci
se

: j
um

ps
 a

nd
 s

ta
ti

c 
ru

nn
in

g 
at

 v
ar

io
us

 

sp
ee

ds
. R

PE
: 5

-6
 (

B
or

g 
C

R
-1

0 
Sc

al
e)

. 

M
us

cl
e 

st
re

ng
th

en
in

g 
ex

er
ci

se
s:

 8
-1

2 
re

ps
, 1

 s
et

, 8
-1

0 
ex

er
ci

se
s 

(h
ip

 

fl
ex

io
n,

 e
xt

en
si

on
, a

dd
uc

ti
on

, a
nd

 a
bd

uc
ti

on
, k

ne
e 

fl
ex

io
n 

an
d 

ex
te

ns
io

n,
 

kn
ee

 c
yc

li
ng

, s
ho

ul
de

r 
fl

ex
io

n,
 e

xt
en

si
on

, a
nd

 a
bd

uc
ti

on
, e

lb
ow

 f
le

xi
on

, 

ex
te

ns
io

n,
 a

nd
 p

ro
na

ti
on

-s
up

in
at

io
n,

 s
qu

at
ti

ng
).

 R
PE

: 5
-6

 (
B

or
g 

C
R

-1
0 

Sc
al

e)
. 

St
at

ic
 s

tr
et

ch
in

g 
ex

er
ci

se
s:

 s
tr

et
ch

in
g 

fo
r 

30
-4

5s
, 1

 r
ep

, 8
-1

0 
ex

er
ci

se
s 

(n
ec

k,
 tr

un
k,

 a
nd

 li
m

bs
).

 R
P

E
: 3

-4
 (

B
or

g 
C

R
-1

0 
S

ca
le

).
 

R
el

ax
at

io
n/

co
ol

-d
ow

n 
ph

as
e:

 

L
ow

-i
nt

en
si

ty
 e

xe
rc

is
e:

 s
lo

w
 w

al
ki

ng
, s

qu
at

ti
ng

 a
nd

 s
ta

nd
in

g.
 R

PE
: 2

-4
 

(B
or

g 
C

R
-1

0 
Sc

al
e)

. 

D
ia

ph
ra

gm
at

ic
 b

re
at

hi
ng

/ F
lo

at
in

g.
 R

P
E

: 0
-2

 (
B

or
g 

C
R

-1
0 

S
ca

le
).

 

W
ar

m
-u

p
 p

h
as

e:
 

L
ow

-i
nt

en
si

ty
 a

er
ob

ic
 e

xe
rc

is
e:

 w
al

ki
ng

 f
or

w
ar

ds
, s

id
ew

ay
s,

 a
nd

 

ba
ck

w
ar

ds
. R

P
E

: 3
-4

 (
B

or
g 

C
R

-1
0 

S
ca

le
).

 

T
ra

in
in

g 
p

ha
se

: 

A
ct

iv
e 

ra
ng

e 
of

 m
ot

io
n 

ex
er

ci
se

s:
 s

pi
ne

, u
pp

er
 a

nd
 lo

w
er

 li
m

bs
. 

R
P

E
: 3

-4
 (

B
or

g 
C

R
-1

0 
S

ca
le

).
 

M
od

er
at

e-
to

-h
ig

h 
in

te
ns

it
y 

ae
ro

bi
c 

ex
er

ci
se

: j
um

ps
 a

nd
 s

ta
ti

c 

ru
nn

in
g 

at
 v

ar
io

us
 s

pe
ed

s.
 R

P
E

: 6
-8

 (
B

or
g 

C
R

-1
0 

S
ca

le
).

 

M
us

cl
e 

st
re

ng
th

en
in

g 
ex

er
ci

se
s:

 8
-1

2 
re

ps
, 2

 s
et

s,
 8

-1
0 

ex
er

ci
se

s 

(h
ip

 f
le

xi
on

, e
xt

en
si

on
, a

dd
uc

ti
on

, a
nd

 a
bd

uc
ti

on
, k

ne
e 

fl
ex

io
n 

an
d 

ex
te

ns
io

n,
 k

ne
e 

cy
cl

in
g,

 s
ho

ul
de

r 
fl

ex
io

n,
 e

xt
en

si
on

, a
nd

 a
bd

uc
tio

n,
 

el
bo

w
 f

le
xi

on
, e

xt
en

si
on

, a
nd

 p
ro

na
ti

on
-s

up
in

at
io

n,
 s

qu
at

ti
ng

).
 

R
P

E
: 6

-7
 (

B
or

g 
C

R
-1

0 
S

ca
le

).
 

St
at

ic
 s

tr
et

ch
in

g 
ex

er
ci

se
s:

 s
tr

et
ch

in
g 

fo
r 

45
-6

0s
, 1

 r
ep

, 8
-1

0 

ex
er

ci
se

s 
(n

ec
k,

 tr
un

k,
 a

nd
 li

m
bs

).
 R

P
E

: 3
-4

 (
B

or
g 

C
R

-1
0 

S
ca

le
).

 

R
el

ax
at

io
n/

co
ol

-d
ow

n 
ph

as
e:

 

L
ow

-i
nt

en
si

ty
 e

xe
rc

is
e:

 s
lo

w
 w

al
ki

ng
, s

qu
at

ti
ng

 a
nd

 s
ta

nd
in

g.
 R

PE
: 

2-
4 

(B
or

g 
C

R
-1

0 
S

ca
le

).
 

D
ia

ph
ra

gm
at

ic
 b

re
at

hi
ng

/ F
lo

at
in

g.
 R

PE
: 0

-2
 (

B
or

g 
C

R
-1

0 
Sc

al
e)

.

N
ot

es
: m

in
, m

in
ut

es
; R

P
E

, r
at

e 
of

 p
er

ce
iv

ed
 e

xe
rt

io
n;

 r
ep

s,
 r

ep
et

it
io

ns
; s

, s
ec

on
ds

. 



10 
 

Land-exercise program. 

This program will include specific land-based exercises (Table 2), guided by a 

physiotherapist. This intervention will include 8 sessions in 8 weeks, once a week, on a 

different day from the aquatic exercise program. Each session will last between 25 to 35 

minutes and will be divided into two components: core stability exercises and stretching 

of the trunk and lower limbs (Kim & Yim, 2020). Core stability exercises (15 20 

minutes): these will consist of isometric exercises which contraction was maintained for 

7 8 seconds, 8 12 repetitions, 1 set, with brief rest intervals of 3 seconds between 

repetitions and 30 seconds to 1 minute between exercises (ASPN, 2022; Kim & Yim, 

2020). Exercises will include abdominal hollowing, side bridge (both sides), supine 

extension bridge, lower limb extension from prone (both sides), and alternate arm and 

leg raise from quadruped. Intensity will increase gradually by reducing rest time 

Participants will be instructed to contract and hold their abdominal muscles while 

maintaining normal breathing patterns (Saleh et al., 2019). Stretching exercises (10 15 

minutes): participants will perform muscle stretching exercises, holding the maximum 

stretch for 30 seconds to 1 minute, and returning to the original position, followed by 5

10 seconds of rest. Each exercise will be repeated two to three times (Han et al., 2016). 

Stretches will target the hamstrings, iliopsoas, piriformis, and tensor fasciae latae. 

Participants will be instructed to minimize tension in other body muscles and maintain 

their usual breathing pattern during stretching (Castellote-Caballero et al., 2014; 

Gulledge et al., 2014; Umehara et al., 2015; Wakefield & Cottrell, 2015). 

Procedures 

The experimental procedures will be conducted at the Municipal Pool of Paião, in 

Figueira da Foz. The research team will consist of a principal investigator, an examiner, 

a data analyst, and two intervention administrators. The SPIRIT schedule of the study 

protocol is presented in Table 3. 
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Table 3 - Schedule of enrolment, interventions and assessments.

 STUDY PERIOD 

 Baseline Intervention Follow-ups 

 Visit 1 Visit 2 Visit 3 Sessions Visit 4 Visit 5 

Week -4 a -3 -3 a - 1 -1 a 0 0 a 8 9 12 

Baseline Screening  

Informed consent, review 

inclusion and exclusion 

criteria 

X      

Sociodemographic 

information and PARQ 
X      

Interventions  

Aquatic and land  exercise 

group 
   X   

Aquatic  exercise group    X   

Assessments  

Visual Analogue Scale  X   X X 

Oswestry Disability Index  X   X X 

MOS Short Form Health 

Survey 36 
 X   X X 

Tampa Scale of 

Kinesiophobia-13 
 X   X X 

Modified-Modified Schober 

Test 
 X   X X 

Randomization   X    

 

 

Feasibility study 

To assess the need for any adjustments in the experimental procedures and evaluate the 

feasibility of the clinical study methodology, a trial of the data collection protocol will 
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Sample selection and characterization 

Participant recruitment has begun in September 2024 and is expected to be completed in 

January 2025. Participants will be invited and recruited to the study through posters, 

individuals will complete a written selection and characterization questionnaire, and the 

principal investigator will provide detailed information about all procedures involved in 

the study. 

Randomization and Blinding 

Participants who meet eligibility criteria will be given an alphanumeric code to maintain 

data confidentiality and anonymity. Participants will be randomly assigned to either 

ALG or AG, with a 1:1 allocation. Randomization will be performed by the principal 

investigator using a block randomization method generated by a computer program to 

ensure equal sample sizes in both groups. The block size will not be disclosed to 

maintain concealment. Participants will be informed of their group allocation (ALG or 

AG) via telephone contact. The principal investigator will not be actively involved in 

the intervention, data collection or data analysis. Randomization will only be known to 

the physiotherapists responsible for the intervention and the principal investigator. The 

examiner will evaluate participants before the intervention and after 8 weeks of 

intervention, ensuring blinding to group allocation, and participants will be asked not to 

disclose this information to the examiner. Each intervention will have a physiotherapist 

allocation to other research team members. Both data collector and data analyst will be 

Only the principal investigator will have full knowledge of the entire research flow. 

Data Collection 

After enrollment, participants will complete three evaluation phases: before the 

intervention (M0), after the intervention (M1), and 4 weeks after the end of the 

intervention (M2). Data collection started in November 2024 and is expected to be 

completed in April 2025. During data collection, participants will start each data 

collection session by filling out the questionnaires (Oswestry Disability Index, MOS 

Short Form Health Survey 36 Item, and Tampa Scale of Kinesiophobia-13) and the 
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Visual Analog Scale for pain at rest, during movement, and at night, which will take 

approximately 30 minutes. Following this, the physiotherapist responsible for the 

assessment will measure weight and height, and then assess lumbar spine mobility using 

the Modified-Modified Schober Test, taking the best of three measurements. To 

standardize data collection, each participant will be asked to stand barefoot on a paper 

where the outline of their feet will be drawn to ensure consistent positioning across all 

measurements. This procedure will be repeated three times, with a 30 second break 

between repetitions. Participants will be instructed to place their feet at hip width apart 

and their upper limbs relaxed along the body in the test starting position (Amjad et al., 

2022; Cidem et al., 2012). Figure 1 shows the study design with key moments of the 

intervention and data collection.

Outcome measures

Sample Selection and Characterization Questionnaire

A questionnaire (Appendix 6) will be developed to select and characterize the study 

sample. It will collect personal data (age and sex), anthropometric data (height and 

weight), symptom duration, comorbidities, and professional status.

Primary outcomes

Visual Analogue Scale (VAS) (Appendix 7). The VAS is a unidimensional measure of 

pain intensity used to track its progression over time. This instrument consists of a 100-

Figure 1 - Study design with key moments of the intervention and data collection.
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millimeter line, presented either vertically or horizontally, with an initial value of 0 

asked to mark a perpendicular line on the scale that corresponds to their level of pain. 

The scale is recorded on a single-use sheet of paper, and the value is obtained by 

measuring the distance from the origin (0) to the mark (Hawker et al., 2011). The VAS 

is a validated tool for assessing the intensity of CLBP, with moderate to strong construct 

validity (0.50 0.81), moderate to excellent testretest reliability [Intraclass Correlation 

Coefficient (ICC) = 0.49 0.90], and a standard error of measurement (SEm) of 0.1% 

(Chiarotto et al., 2019). Additionally, the minimal clinically important difference 

(MCID) for this instrument is 20mm for CLBP (Ostelo & de Vet, 2005). 

Oswestry Disability Index  version 2.0 (ODI) (Appendix 8). The ODI is a tool used 

to measure and assess the disability caused by low back pain. It consists of 10 questions, 

each rated on a Likert scale from 0 to 5, where 0 represents no dysfunction and 5 

represents the highest level of dysfunction. The final score is expressed as a percentage, 

indicating the level of disability experienced by the individual with low back pain: 0%

20% (minimal disability); 21% 40% (moderate disability); 41% 60% (severe 

disability); 61% 80% (very severe disability); 81% 100% (exaggerated symptoms) 

(Davidson & Keating, 2002; Fairbank et al., 1980). This instrument has been translated 

and validated for the Portuguese population, showing a good correlation with the MOS 

Short Form Health Survey 36 (r = 0.59 to 0.75) and excellent internal consistency 

 = 0.95) and reproducibility (ICC = 0.90) (Martins, 2002; Pereira, 2003). 

The MCID for this questionnaire was established at 10% (Hägg et al., 2003; Ostelo & 

de Vet, 2005). 

MOS Short Form Health Survey 36 Item v2 (SF-36 v2) (Appendix 9). The SF-36 v2 

questionnaire is an assessment tool primarily designed to measure and evaluate the 

health status and quality of life of populations and individuals, whether they have health 

conditions or not. It consists of 36 items, rated on a scale from 1 to 5 (Likert scale). The 

questionnaire is divided into 8 dimensions (physical functioning, physical role 

limitations, bodily pain, general health perceptions, energy/vitality, social functioning, 

emotional role limitations and mental health), which can be grouped into two 

components (physical health and mental health). Scores for each dimension are 

presented on a positively oriented scale from 0 (worst health state) to 100 (best health 
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state) (Ware & Sherbourne, 1992). The instrument was previously validated and 

translated for the Portuguese population, demonstrating good content validity (r>0.401) 

 = 0.60 0.87) and 

test-retest reliability (ICC = 0.45-0.84) across its various domains (Ferreira, 2000a, 

2000b). For this instrument, the MCID has been established at 6 for mental health and 

14 for physical health (Jayadevappa et al., 2017). 

Secondary outcomes 

Tampa Scale of Kinesiophobia-13 (TSK-13) (Appendix 10). The TSK-13 is a simple 

tool designed to quantify fear of movement or (re)injury. The questionnaire consists of 

13 items, rated on a 4-point Likert scale (strongly disagree, disagree, agree, and strongly 

agree), with a final score ranging from 13 to 52 points (Miller et al., 1991). The final 

classification of fear of movement can be categorized as subclinical (13 22), mild (23

32), moderate (33 42), and severe (43 52) (Neblett et al., 2016). The questionnaire has 

been translated for the Portuguese population, with construct validity established 

through its correlation with the VAS for pain intensity (r = 0.691) and confidence in 

movement (r = 0.772). The instrument shows excellent reliability (ICC = 0.94 0.98) 

 = 0.82) (Cordeiro et al., 2013). The MCID for 

this questionnaire has been established at 5.5 points (Monticone et al., 2016). 

Modified-Modified Schober Test (MMST). The MMST is a test originally designed 

to determine whether there is a reduction in lumbar spine range of motion due to various 

health conditions such as CLBP. It has subsequently been used to measure the effects of 

therapeutic interventions on lumbar mobility (Macrae & Wright, 1969). To perform this 

test, the participant should be in an upright position so that the examiner can mark both 

Posterior Superior Iliac Spines (PSIS) using a skin marker, then draw a horizontal line 

between them and mark a point at the intersection of this line with the spine (center of 

both marks). Next, the examiner should mark a second point 15 cm above the first. The 

examiner should measure the distance between the upper and lower lines again. An 

increase of less than 5 cm in the measured distance indicates a decrease in lumbar spine 

range of motion (Hershkovich et al., 2022). The MMST is a validated test for 

individuals with CLBP, showing a moderate correlation (r = 0.67) with the gold 

standard metric (X-ray) and excellent reliability, specifically in interclass correlations (r 
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= 0.91) and intraclass correlations (r = 0.95) (Tousignant et al., 2005). For this test, the 

minimal detectable difference is 1 cm (Sakulsriprasert et al., 2011). 

Anthropometry. Body mass will be assessed using a portable scale (Inbody 270, USA) 

with an accuracy of 0.1kg, while participants will be asked to wear minimal clothes. 

Height will be measured using a portable stadiometer (SECA Bodymeter 208, 

Germany), with an accuracy of 1 millimeter, following standardized procedures 

(Lohman & Roche, 1998). Body Mass Index (BMI) will be calculated using the 

formula: BMI = (weight/height2) (Ferreira et al., 2022). Skeletal muscle mass (kg), fat 

mass (kg), bone mineral mass (%), and body fat (%) will be assessed using the 

tetrapolar bioimpedance (Inbody 270, USA). The impedance measurements will be 

performed according to the literature and manufactory recommendations (Khalil et al., 

2014). 

Adverse events 

During the procedures, participants may experience some adverse events and should be 

aware of the potential risks during both the assessment phase and the intervention. To 

address this, a cardiovascular risk assessment will be conducted to contraindicate the 

performance of physical exercise/activity according to the American College of Sports 

Medicine flowchart, and the PAR Q questionnaire will be administered. Participants 

classified as high risk will be excluded from the study to minimize the risk associated 

with physical exercise. For the remaining risk categories, the risk of a cardiovascular 

event is null or reduced (Hayden et al., 2021). Participants will be instructed to regularly 

check their skin and contact the principal investigator if they experience a rash, redness, 

itching, or any other sign of an allergic reaction, although such adverse reactions are 

rare (Ma et al., 2022). Thus, the physiotherapist will record any adverse events that may 

occur by asking participants if they have experienced any health issues (injuries, pain, 

etc.) since the previous session. All adverse events will be reviewed by the research 

team and appropriately referred for clinical treatment or rest. 

Participant adherence 

Individual participation in each exercise session (both land and aquatic) will be recorded 

articipates. Strategies will be 
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adopted to promote adherence to the exercises, including text messages and/or email 

(Connelly et al., 2013). If a participant misses two consecutive sessions, he/she will be 

contacted to resume the exercise sessions, as lack of adherence may affect the results 

obtained (Sherrington et al., 2011). At the end of the interventions, participants who do 

not achieve at least 80% of the total sessions will be excluded from data analysis 

(Brellenthin et al., 2019; Ferreira et al., 2022). 

Statistical analysis 

An inspection of the data will be made for missing values or univariate outliers. A priori 

power analysis through G*Power (3.1.9.7) and ANOVA repeated measures, within-

between interaction will be use to determine the required sample size considering the 

following input parameters: (effect size f = 0.4;  err prob = 0.05; statistical power = 

0.95) (Faul et al., 2007; Flores et al., 2024). Data analyses will be performed using 

SPSS Statistics version 29.0 (SPSS Inc., IBM Company, Chicago, Illinois, USA). 

Descriptive statistics (mean ± SD) will be performed for all variables in the analysis. 

Assuming data normality, a 2 × 3 within-between interaction factorial ANOVA will be 

applied for intra and inter group comparisons. To control for Type I errors, multiple 

comparisons will be adjusted using the Bonferroni correction (i.e., alpha level divided 

by the number of tests) as suggested by several authors (e.g., Ho, 2014). The magnitude 

d 

effect size is categorized according to the following criteria: d = < 0.20 (small), 0.21

0.79 (medium) and > 0.80 (large) (Cohen, 1988; Silva et al., 2022; Silva et al., 2024). 

Significance level set at  

completed in May 2025. 

Discussion 

This study will investigate and compare the effectiveness of a water-based and land-

based exercise program versus a solely water-based program on pain levels, functional 

disability, quality of life, lumbar mobility, and fear of movement in adults with CLBP. 

Additionally, an effort will be made to assess the effect of the cessation of exercise on 

the mentioned variables, 4 weeks after the end of the intervention. A minimum of 15 

participants per group is expected to ensure the calculated sample power. However, a 

higher number of participants should be ensured, as it is known that approximately 50% 
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of participants drop out within the first six months due to personal characteristics, 

environmental factors, or issues with the programs (Robison & Rogers, 1994). On the 

other hand, in order to maintain the methodological quality of the study, according to 

the Physiotherapy Evidence Database (PEDro) Scale, the variables should be measured 

at the end in more than 85% of the participants who were initially randomized (Maher et 

al., 2003). 

Previously, an author conducted a RCT with 12 participants (6 in the experimental 

group and 6 in the control group) in which the effect of an aquatic exercise program 

(experimental) was compared with that of a land-based program (control) on the level of 

pain and mobility of the lumbar spine (Bello et al., 2010). At the end of the 

interventions (6 weeks), no statistically significant differences were observed in pain 

(VAS) (  = 0.523), nor in the lumbar spine mobility test (Modified-Modified Schober 

Test) (  = 0.56). Another author also studied in a RCT the differences between a group 

of participants who engaged in an aquatic exercise program (experimental) and a group 

who engaged in a land-based program (control) with 65 individuals with LBP (32 in the 

experimental group and 33 in the control group) (Dundar et al., 2009). After 4 weeks of 

intervention, statistically significant differences were observed favoring the 

experimental intervention in the ODI score (  < 0.001) and in the physical function (  < 

0.001) and physical performance (  < 0.001) domains of the SF-36 questionnaire. No 

statistically significant differences were found between the groups in rest pain, pain 

during movement, or nocturnal pain (VAS), in lumbar mobility test (Modified-Modified 

Schober Test), or in the remaining domains of the SF-36 questionnaire. 

The study (RCT) with the most similar methodology was conducted with 66 

participants (33 in each group) and aimed to examine the effect of an experimental 

aquatic and land-based exercise program compared to a control program of exclusively 

land-based (home-based) (Yücesoy et al., 2021). After two weeks of intervention, 

statistically significant differences were observed favoring the experimental intervention 

in pain: VAS at rest (  < 0.001), during exercise (  < 0.001), and overall in the lumbar 

spine (  < 0.001); in the ODI score (  = 0.045); and in the SF-36 domains of physical 

performance (  = 0.033), mental health (  = 0.021), pain (  = 0.014), and general health 

(  = 0.05). No statistically significant differences were found between the groups in the 
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remaining domains of the SF-36 questionnaire or in the Modified-Modified Schober 

Test. 

No study with a similar methodology has reported results for the TSK-13 questionnaire 

to date. Thus, it is challenging to predict the results of the study, as the methodologies 

differ and the sample sizes and intervention durations vary considerably among authors. 

It is not possible to project whether the group that will undertake the additional land-

based exercise session will achieve better outcomes than the experimental group at the 

end of the intervention, in the studied variables. However, the variables most sensitive 

to the presented interventions appear to be pain, measured by VAS, functional disability 

measured by ODI, and some domains of the SF-36 related to pain and physical 

performance. These are likely to be the variables with the greatest variability at the end 

of the study. On the other hand, it is difficult to predict the trend of changes in the 

studied variables after 1 month of exercise cessation due to the lack of reference 

literature. 

Thus, this study aims to provide implications for the practice and prescription of 

physical exercise and effective strategies that may contribute to potential benefits for 

individuals with LBP. Like all studies, this one will have some limitations: it will be 

impossible to fully control activities outside of the protocol, which may affect the 

studied variables either positively or negatively, and aquatic exercise limits the 

calculation of exercise intensity, which will be monitored only through perceived 

exertion. 

Dissemination of results 

Upon completion of the study, regardless of the direction and magnitude of the results, 

they will be published. The results will be communicated to the participants and their 

families, the scientific community, and the general public, through oral presentations 

and publications in recognized journals in the field. 

Authorship of the manuscripts resulting from this study will be based on: significant 

contributions to the study conceptualization or design, formal analysis and/or 

interpretations of the data, and revising and editing the manuscript critically. 
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Chapter 2 - Effects of a land and aquatic exercise-based 

program on pain and functional disability in patients with 

chronic low back pain: a randomized controlled trial 

 

Abstract 

Background: Chronic low back pain (CLBP) is a common musculoskeletal condition 

with significant global impact. Exercise programs, whether land-based or aquatic, are 

considered a primary treatment for reducing pain and disability. This study aimed to 

evaluate the effects of a combined aquatic and land-based exercise program to an 

aquatic-only program on pain, functional disability, fear of movement, and lumbar 

mobility in adults with CLBP. It also assessed the impact of training cessation 4 weeks 

post-intervention. 

Methods: This randomized controlled trial included 58 participants, randomly assigned 

to either the control group (AG) or the study group (ALG). The AG performed 8-week 

of 45 minutes aquatic-exercise sessions, twice a week. The ALG followed the same 

aquatic program and added 8 weeks of 25-35 minutes land-based exercise sessions, 

once a week. Pain at rest, at movement and at night (Visual Analogue Scale), disability 

(Oswestry Disability Index), fear of movement (Tampa Scale of Kinesiophobia-13), and 

lumbar mobility (Modified-Modified Schober Test) were assessed at baseline, 8 weeks, 

and 12 weeks. 

Results: A total of 41 participants completed the intervention (ALG, n = 20; AG, n = 

21). Pain at rest, at movement and at night (P < 0.001), disability (P < 0.001), fear of 

movement (P = 0.001), and lumbar mobility (P < 0.001) were improved in both groups 

after interventions (time effect). ALG showed greater reductions in pain at rest (P = 

0.043), at movement (P = 0.005) and at night (P = 0.004), and disability (P = 0.014) 

compared to the AG (interaction effect). All results significantly worsened following 

the detraining period (P < 0.001). 

Conclusion: This study demonstrated that both exercise programs effectively improved 

the assessed outcomes, with the combined-exercise program showing a slightly better 
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response. Additionally, a 4-week detraining period negatively impacted all outcomes in 

CLBP patients. 

Keywords: Aquatic Therapy, Disability, Exercise, Kinesiophobia, Low Back Pain. 

 

Introduction 

Chronic low back pain (CLBP) is one of the most frequent public health problems, 

affecting near 619 million people worldwide according to the GBD (2023) and it is 

estimated that over 80% of people will experience at least one episode of low back pain 

in their lifetime (Freburger et al., 2009). Usually, CLBP is distinguished in two main 

categories: specific, when the cause is linked to a specific pathology or structural injury, 

and non-specific, which accounts for approximately 90% of cases, when no identifiable 

cause can be determined (GBD, 2023). Studies show that CLBP is the single leading 

cause of disability worldwide (WHO, 2023a), leading to long-term work absence 

(Serranheira et al., 2020), and elevated direct and indirect annual costs associated with 

health care resources usage (Balagué et al., 2012; Dagenais et al., 2008; Vlaeyen et al., 

2018). 

CLBP is usually related to sedentary behavior activities, such as prolonged sitting time 

and driving time (Baradaran Mahdavi et al., 2021). Previous studies identified potential 

mechanisms connecting prolonged sitting to CLBP (Gupta et al., 2015; Korshøj et al., 

2018; Sribastav et al., 2018), including increased intra-discal pressure (Roman-Liu et 

al., 2023), stiffness of the lumbar spine (Beach et al., 2005), and reduced skeletal 

muscle mass and strength of the spine muscles (Pinto et al., 2023). It is proposed that 

prolonged sitting position can increase the stress on passive lumbopelvic structures, 

leading to reduced requirement for trunk muscles activity (O'Sullivan et al., 2006), that 

simultaneously contributes to the decrease of the spinal passive and active stability 

(Howarth et al., 2013; Kett et al., 2021). To maintain the spinal stability, the 

neuromuscular system typically generates a hyperexcitability reflexive response of the 

spinal muscles (Solomonow, 2012). These changes can impede microcirculation in 

muscle tissue, potentially leading to the formation of weak but persistent cross-bridges 

between myosin heads and actin filaments (Kett et al., 2021). As a result, there may be 

an increase in muscle stiffness (Proske & Morgan, 1999), loss of lumbar lordosis (Chun 
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et al., 2017), and deficiencies in spinal muscle morphology and composition 

(Seyedhoseinpoor et al., 2022), which is significantly related to CLBP (Chun et al., 

2017; Thomas et al., 1998). 

In addition, the persistence of CLBP commonly results in high levels of disability, 

conducting to difficulties with carrying out the activities of daily living, the social and 

work-life (Sielski et al., 2017). Chronic pain can also result in activity avoidance, due to 

fear of movement associated with the pain (Foster, 2011). Nevertheless, there appears to 

be no clear connection between high levels of kinesiophobia and the severity of 

disability in people with CLBP (Alaca et al., 2020). Thus, any intervention for 

managing CLBP should aim to significantly improve outcomes that are relevant to the 

patients (National Collaborating Centre for Primary Care, 2009), including pain 

(Sakulsriprasert et al., 2011), disability (Maughan & Lewis, 2010; Sakulsriprasert et al., 

2011), fear of movement (Alaca et al., 2020), and spinal mobility (Sakulsriprasert et al., 

2011; Tousignant et al., 2005).  

The significant impact of CLBP on these variables highlights the need for studying 

strategies to manage this condition. As prolonged periods of physical inactivity have 

high negative impact on CLBP (Alzahrani et al., 2020; NHS, 2022; Sribastav et al., 

2018), some guidelines for the management of CLBP recommend physical exercise as a 

first-line treatment to reduce pain and disability, not specifying the most suitable type or 

intensity of exercise (National Collaborating Centre for Primary Care, 2009; Savigny et 

al., 2009; WHO, 2023b). In line with this, previous studies concluded that exercise can 

offer benefits in reducing pain and disability caused by CLBP, compared to controls 

receiving no treatment or a placebo intervention (Hayden et al., 2021; Roren et al., 

2023). The most recent American College of Sports Medicine (ACSM) guidelines 

recommend people with CLBP to undertake aerobic exercise during a minimum of 150 

min/week of moderate intensity, or 75 min/week of vigorous intensity, or some 

equivalent combination of both, and to complete 2 to 3 sessions per week of resistance 

training (ACSM, 2018). There is no agreement on which modality of exercise is the 

most effective for managing CLBP, as it varies depending on the outcome being 

considered (Owen et al., 2020). 

Certain authors suggest different types of land-based exercises for controlling CLBP, 

which include aerobic (ranging from light to high intensity) (Chan et al., 2011; 
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Chatzitheodorou et al., 2007), muscle strengthening (Inani & Selkar, 2013; Stankovic et 

al., 2012), and flexibility exercises (Kuukkanen & Mälkiä, 2000). Furthermore, a study 

emphasizes the importance of core stability exercises, as they engage the stabilizing 

muscles of the lumbar spine and pelvis (Psycharakis et al., 2022). These exercises aim 

to address the impaired neuromotor control of the spine and pelvis, as well as the 

muscle weakness frequently observed in the abdominal and hip muscles of individuals 

with CLBP (D'Hooge et al., 2013; Nourbakhsh & Arab, 2002). However, there is no 

consensus on the most effective form of exercise, making it a debated issue that calls for 

further scientific investigation (Hayden, et al., 2005b; Smith & Osborn, 2007). As a 

reduction in core muscle activity, along with decreased lumbar spinal joint mobility and 

flexibility in muscles, can contribute to CLBP (Danneels et al., 2000; Gordon & 

Bloxham, 2016; Willson et al., 2005), some studies recommend activation exercises for 

the abdominal and spinal extensor muscles (Gordon & Bloxham, 2016; Willson et al., 

2005), as well as flexibility exercises (Gordon & Bloxham, 2016; Turci et al., 2023), to 

help manage this condition. 

Another suggested modality is aquatic exercise, which employs the characteristics and 

attributes of water for exercise, focusing on alleviating discomfort, enhancing muscle 

strength, and encouraging relaxation, along with other advantages (Camilotti et al., 

2009; Cimbiz et al., 2005). Therefore, exercise in water is of specific interest, due to the 

distinctive characteristics of water, including buoyancy and hydrostatic (Baena-Beato et 

al., 2014; Bressel et al., 2011; Camilotti et al., 2009), which allows people to execute 

actions that are usually challenging or unattainable on land (Becker & Cole, 2004). Ma 

et al. (2022) stated that aquatic exercise programs were effective in alleviating pain, 

enhancing quality of life, and improving functional capacity in patients with CLBP, 

when compared to other interventions or control groups that did not receive any 

treatment. These achievements, according to some authors, can be attributed to the 

buoyancy provided during aquatic exercise, which may reduce joint stress during 

physical activity and alleviate pain (Abadi et al., 2019; Louw et al., 2016; Waller et al., 

2009). 

Comparing both modalities, researchers have discovered that water-based exercises 

might offer greater benefits than land-based programs for relieving low back pain, 

enhancing health-related quality of life, and decreasing functional disability (Bello et 

al., 2010; Dundar et al., 2009; Yücesoy et al., 2021). In contrast, Yalfani et al. (2020) 
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compared a Pilate  exercise program conducted in water against the same regimen 

executed on land and found that both effectively alleviated pain and dysfunction, 

showing no significant differences between the two programs. 

Moreover, since aquatic exercise prevents individuals from training in a full weight-

bearing condition, similar to what is experienced on land, some authors suggest a 

combined approach of aquatic exercise and land-based training for optimal progression 

and improvement (Carayannopoulos et al., 2020; Deng et al., 2024). However, no study 

has yet explored whether combining land-based and water-based exercises have an 

additional effect on the same variables, compared to an exclusive water-based exercise 

program in people with CLBP. 

Additionally, few authors have explored the effects of exercise cessation (Glass et al., 

2004; Mujika & Padilla, 2000). Toraman & Ayceman (2005) found that after a 9-week 

aerobic training program, a 4-week break led to a noticeable decline in functional 

mobility assessments, among others. However, these changes, while evident, did not 

reach statistical significance when compared to the results at the end of the intervention. 

Consequently, the impact of water-based exercises, core strengthening routines, and the 

trunk and lower limb stretching training cessation for individuals with CLBP remains 

uncertain. 

Therefore, the purpose of this study was to evaluate the effects of a combined aquatic 

and land-based exercise program compared to an aquatic program on pain and 

functional disability in adults with CLBP. Additionally, this investigation aimed to 

analyze the effects on fear of movement and lumbar mobility, as well as the impact of 

training cessation on these variables 4 weeks after the end of the intervention. 

 

Methods 

Study design and participants 

This study was a blinded, parallel-group, two-arm randomized controlled trial. Eligible 

participants were both gender Portuguese individuals (aged  18 years), with CLBP 

lasting three months or longer and with an intensity of 3 or higher on the visual 

analogue scale (VAS) at rest. Participants were excluded if they had pain radiating to 
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the lower limb, recent pregnancy or childbirth (  8 weeks ago) (Kalra et al., 2017), 

ongoing physical therapy treatments, severe rheumatological, neurological, neoplastic, 

cardiovascular diseases, or other conditions that could prevent full participation in the 

intervention, a history of spinal surgery, inflammatory, infectious, or malignant spinal 

diseases, and psychiatric disorders that could affect adherence and symptom assessment 

(Bello et al., 2010; Dundar et al., 2009; Yücesoy et al., 2021). 

Participants who met all the eligibility criteria were enrolled into either the experimental 

group, which underwent a combined aquatic and land-based exercise program (ALG), 

or the control group, which performed an aquatic-exercise program (AG), with a 1:1 

allocation. Written informed consent was obtained from all participants following a 

comprehensive explanation of the study objectives, experimental protocols, and any 

associated risks. The study was reported according to the Consolidated Standards of 

Reporting Trials (CONSORT) statement (Schulz et al., 2010), registered in 

Clinicaltrials.gov (ID: NCT06641570; date of registration: October 14, 2024) and 

ethically approved (Ethics Committee of the Polytechnic University of Leiria; 

CE/IPLEIRIA/47/2024). 

Intervention 

A detailed description of the intervention protocol was published previously (Borges et 

al., 2025). Briefly, the intervention took place over 8 weeks at the Municipal Pool of 

Paião in Figueira da Foz, Portugal. The AG participated exclusively in the aquatic-

exercise program, whereas ALG engaged in both aquatic and land-based exercise 

programs. The exercise sessions begun after a one-week washout period, during which 

participants were instructed to stop any additional physical exercise and to maintain 

their diet during the intervention period.  

Adherence to the intervention was monitored and expressed as the percentage of total 

exercise sessions attended by each participant. Only those participants who achieved an 

adherence rate of 80% or higher were included in the final analysis (Brellenthin et al., 

2019; Ferreira et al., 2022). 
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Aquatic-exercise program 

Participants completed 8 weeks of aquatic-exercise training, twice a week, on 

nonconsecutive days (Monday and Wednesday), for 45 minutes per session at a water 

temperature between 32 34ºC. Exercise sessions were conducted in groups of 8 12 

patients by a physiotherapist with extensive experience in aquatic training. Each 

exercise training session consisted of a warm-up (5 minutes), a training phase (35 

minutes), and a relaxation/cool-down (5 minutes). The training phase included active 

range of motion exercises for the spine, upper and lower limbs, aerobic exercises (jumps 

and static running at various speeds), muscle strengthening exercises, performing 8 12 

repetitions, 1 2 sets, 8-10 exercises, including hip flexion, extension, adduction, and 

abduction, knee flexion and extension, knee cycling, shoulder flexion, extension, and 

abduction, elbow flexion, extension, and pronation-supination, and squatting, and 

stretching exercises (5 10 minutes) for the neck, trunk, and limbs (Abadi et al., 2019; 

Bello et al., 2010; Dundar et al., 2009; Ma et al., 2022; Psycharakis et al., 2022). 

Exercise intensity was individualized and 

exertion (RPE) using the Borg CR-10 scale (Borg, 1998; Williams, 2017), with a 

progressive increase in intensity over time and the incorporation of auxiliary equipment 

(e.g. plates, pull-buoys). (Table 1) For participants unable to complete an exercise due 

to difficulty or discomfort, a modified version of the respective exercise was provided 

to accommodate their capabilities. 

Land-based exercise program 

This program included 8 weeks of specific land-based exercises training, once a week 

(Friday), for 25-35 minutes per session. All sessions were supervised by a 

physiotherapist with specialized expertise in therapeutic exercise and conducted in 

groups of 4-8 patients. Training sessions comprised core stability exercises (15 20 

minutes) and stretching exercises of the trunk and lower limbs (10 15 minutes). Core 

stability exercises consisted of isometric exercises, each involving muscle contractions 

held for 7 8 seconds, performed for 8 12 repetitions in a single set, with brief rest 

intervals of 3 seconds between repetitions and 30 seconds to 1 minute between different 

exercises. (Table 2) (ASPN, 2022; Kim & Yim, 2020; Saleh et al., 2019; Turci et al., 

2023). Stretching exercises were performed by holding each stretch at its maximum 

range for 30 seconds to 1 minute, returning to the original position, and resting for 5 10 
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seconds between repetitions. Each exercise was repeated 2-3 times (Han et al., 2016; 

Turci et al., 2023). Exercise intensity was progressively increased by reducing rest 

intervals between exercises and increasing the number of repetitions, based on 

RPE (Turci et al., 2023; Williams, 2017). 

Procedures 

Over a two-month period (September to October 2024), participants were invited and 

recruited for the study through informational posters distributed by the principal 

investigator, who also provided comprehensive details about all study procedures. 

Participants who meet the eligibility criteria were assigned an alphanumeric code to 

ensure data confidentiality and maintain anonymity throughout the study. 

Randomization was performed by the principal investigator using a block 

randomization (block size of 4) method generated by a computer program to ensure 

equal sample sizes in both groups. Group allocation was kept confidential and was only 

known to the physiotherapists overseeing the intervention and the principal investigator. 

The principal investigator was not actively involved in the intervention, data collection, 

or data analysis. An independent examiner assessed participants both prior to the 

intervention and after the 8-week intervention period, remaining blinded to group 

allocation. Both the data collector and data analyst were blinded to group assignments 

to ensure unbiased results. Only the principal investigator had full access to the entire 

research process and group allocation details. 

Outcomes 

All outcome measures were assessed in a consistent order between November 2024 and 

March 2025 across three time points: baseline (M0), 8-week follow-up (M1), and 12-

week follow-up (4 weeks after the end of the intervention) (M2). At the beginning of 

each data collection session, participants completed several questionnaires, including 

the Visual Analog Scale to assess pain at rest, during movement, and at night, the 

Oswestry Disability Index, and the Tampa Scale of Kinesiophobia-13. Afterward, the 

physiotherapist in charge of the assessment measured the participants' weight and 

height, and evaluated lumbar spine mobility using the Modified-Modified Schober Test. 
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Primary outcomes 

Visual Analogue Scale (VAS). The VAS is a unidimensional tool used to assess pain 

intensity and monitor its changes over time. It consists of a 100-millimeter line, which 

starts at 0, representing "No Pain," and ends at 10, indicating the "Worst Pain". 

Participants were asked to mark a perpendicular line on the scale that reflects their pain 

level at rest, during movement, and at night. The result was recorded on a single-use 

sheet of paper, and the pain intensity was determined in centimeters by measuring the 

distance from the origin (0) to the participant's mark (Chiarotto et al., 2019; Hawker et 

al., 2011). The minimal clinically important difference (MCID) for this instrument was 

determined to be 20mm for CLBP (Ostelo & de Vet, 2005). 

Oswestry Disability Index  version 2.0 (ODI). A 10-item questionnaire was used to 

measure and assess the disability caused by low back pain, rated on a Likert scale 

ranging from 0 to 5, where 0 indicates no dysfunction and 5 represents the highest level 

of dysfunction. The final score was presented as a percentage, which indicates the 

degree of disability experienced by the individual with low back pain: 0% 20% 

(minimal disability), 21% 40% (moderate disability), 41% 60% (severe disability), 

61% 80% (very severe disability), and 81% 100% (exaggerated symptoms) (Davidson 

& Keating, 2002; Fairbank et al., 1980). The MCID for this questionnaire was set at 

10% (Hägg et al., 2003; Ostelo & de Vet, 2005). 

Secondary outcomes  

Tampa Scale of Kinesiophobia-13 (TSK-13). Fear of movement was assessed using a 

13-item questionnaire, with each item rated on a 4-point Likert scale (strongly disagree, 

disagree, agree, and strongly agree) (Miller et al., 1991). The score ranges from 13 to 52 

points, categorizing fear of movement as follows: subclinical (13 22), mild (23 32), 

moderate (33 42), and severe (43 52) (Neblett et al., 2016). The MCID calculated for 

this questionnaire was 5.5 points (Monticone et al., 2016). 

Modified-Modified Schober Test (MMST). The MMST was used to assess the effects 

of the interventions on lumbar range of motion (ROM) (Macrae & Wright, 1969). The 

participants were instructed to stand in an upright position, enabling the examiner to 

mark both Posterior Superior Iliac Spines (PSIS) with a skin marker. The examiner then 

drew a horizontal line between the two marks, marking a point at the intersection of this 
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line with the spine (the center of both marks), and a second point was marked 15 cm 

above the first. Finally, the participant was instructed to bend their trunk as if 

attempting to "touch their toes

upper and lower lines once again. This measurement was used to indicate the amount of 

lumbar flexion, and the procedure was repeated three times, with a 30-second break 

between repetitions, taking the best result (Tousignant et al., 2005). To standardize data 

collection, each participant was instructed to stand barefoot on a piece of paper where 

the outline of their feet was drawn, ensuring consistent positioning for all 

measurements. Participants were instructed to place their feet at hip-width apart and 

their upper limbs relaxed along the body in the test starting position (Amjad et al., 2022; 

Cidem et al., 2012). The minimal detectable difference (MDC) for MMST was 

calculated to be 1 cm (Sakulsriprasert et al., 2011; Tousignant et al., 2005). 

Sample size 

The sample size calculation was based on a similar study by Dundar et al. (2009), and 

was corroborated by other studies (Assis et al., 2006; Geneen et al., 2017; Hayden, et 

al., 2005a), which included 65 participants and aimed to detect differences in pain 

intensity (VAS) between the aquatic-exercise program group and the control group 

(land exercise). In order to achieve a significant and an identical effect size of 1.079 

with a power of 0.80, and an  of 0.05, 30 participants (15 in each group) were needed 

to complete the study. This sample size was calculated using the G*Power software 

(version 3.1.9.4; Heinrich Heine University Düsseldorf, DE). The expected drop-out 

rate was approximately 15% (Collado-Mateo et al., 2021; Robison & Rogers, 1994), 

indicating that a minimum of 36 participants (18 per group) needed to be enrolled at 

baseline.  

Statistical Analysis 

Sociodemographic variables were collected to describe the sample. Continuous 

variables are presented as mean ± SD and categorical variables as counts and 

percentages. The normality of the data was assessed through histograms, normal 

probability plots (P P graphs), and the Shapiro Wilk 

the homogeneity of variances. The z values, calculated by dividing skewness and 

kurtosis by their corresponding standard error, were also analyzed to assess the 
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statistical significance of any deviations from normal distribution. A z value less than 

1.96 indicated that the data followed a normal distribution (Field, 2024). Comparisons 

between groups at baseline were conducted using -test for 

continuous outcomes and the chi-square test or Fisher's exact test for categorical 

outcomes. A 2 × 3 within-between interaction factorial ANOVA was used to examine 

the main effects of time, group, and interaction (time*group) and the Holm Bonferroni 

post hoc test was conducted when significant differences were observed (Ho, 2014). 

The Geisser 

correction when required. The magnitude of the global effect size was calculated using 

 (d) d was categorized according to the following 

criteria: d = < 0.20 (trivial), 0.21-0.50 (small), 0.51 0.79 (medium) and > 0.80 (large) 

(Cohen, 1988; Silva et al., 2022; Silva et al., 2024). The mean change between time 

points ( ) was calculated for each outcome (M1-M0, M2-M1, and M2-M0) and 

compared to the MCID to assess clinical differences. The IBM SPSS Statistics, version 

29.0 (IBM Corporation, Armonk, NY) was used to perform all statistical analyses. 

Graphs were generated using GraphPad Prism 9.0 software (Dotmatics, Boston, MA). 

Significance level was set at P 05. 

 

Results 

A total of 58 participants were initially assessed for eligibility. Seventeen participants 

were excluded from the study, leaving 41 individuals who were successfully 

randomized (ALG, n = 20; AG, n = 21) (Figure 2). The participants had a mean age of 

61.66 ± 11.74 years, with 71.1% being female. No significant baseline differences were 

observed between the groups for continuous (0.058 P  0.748) and categorical (0.139 

 P  1.000) variables. Detailed baseline characteristics are outlined in Table 4. The 

drop-out rate was 4.88% at 8 weeks (ALG = 0%; AG = 9.52%) and 7.32% at 12 weeks 

(ALG = 0%; AG = 14.29%). 

Adherence to the exercise programs was calculated, revealing an adherence rate of 

95.56% (ALG) and 95.49% (AG) to the aquatic-exercise program and 94.38% (ALG) to 

the land-based exercise program. No adverse events related to the study intervention or 

procedures were reported. 
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Figure 2 - Flowchart of participant enrolment, allocation, and analysis. 
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Table 4 - Baseline characteristics of all study participants.

  All 
Aquatic-
exercise 
group 

Aquatic and 
land-exercise 

group 
P value 

  (n = 38) (n = 18) (n = 20)  

Age (years) 61.66 ± 11.74 61.00 ± 12.65 62.25 ± 11.16 0.748a 

Height (m) 1.62 ± 0.07 1.63 ± 0.07 1.61 ± 0.07 0.385a 

Weight (Kg) 74.21 ± 12.85 72.27 ± 12.74 75.97 ± 13.03 0.383a 

BMI (Kg.m-2) 28.28 ± 4.55 27.24 ± 4.84 29.21 ± 4.17 0.187a 

Gender, n (%)    0.572b 

Male 11 (28.9) 6 (33.3) 5 (25.0)  

Female  27 (71.1) 12 (66.7) 15 (75.0)   

Comorbidities, n (%)         

Hypertension 13 (34.2) 4 (22.2) 9 (45.0) 0.139b 
Dyslipidemia 21 (55.3) 9 (50.0) 12 (60.0) 0.536b 
Diabetes 8 (21.1) 4 (22.2) 4 (20.0) 1.000b 
Gastrointestinal disease 2 (5.3) 0 (0.0) 2 (10.0) 0.488b 
Respiratory disease 1 (2.6) 1 (5.6) 0 (0.0) 0.474b 
Osteoarticular disease 3 (7.9) 2 (11.1) 1 (5.0) 0.595b 
Mental Disorder 3 (7.9) 2 (11.1) 1 (5.0) 0.595b 
Smoking habits, n (%)       0.482b 
Smoker 3 (7.9) 1 (5.6) 2 (10.0)  

Non-smoker 31 (81.6) 14 (77.8) 17 (85.0)  

Ex-smoker 4 (10.5) 3 (16.7) 1 (5.0)  

Pain         

Disease duration (years) 10.49 ± 10.71 7.47 ± 7.25 13.20 ± 12.64 0.093a 
Pain at rest (VAS) (cm) 5.79 ± 1.65 5.95 ± 1.74 5.65 ± 1.61 0.584a 
Pain at movement (VAS) (cm) 5.99 ± 2.26 5.76 ± 2.48 6.20 ± 2.08 0.557a 
Pain at night (VAS) (cm) 4.44 ± 2.71 4.18 ± 2.64 4.67 ± 2.82 0.583a 
Disability level         
ODI (%) 39.89 ± 14.43 43.56 ± 15.74 36.60 ± 12.63 0.140a 
Fear of movement         
TSK-13 (score) 33.24 ± 4.59 34.50 ± 4.34 32.10 ± 4.62 0.109a 
Lumbar mobility         
MMST (cm) 20.69 ± 1.11 20.33 ± 1.21 21.01 ± 0.92 0.058a 
Adherence to exercise program (%)       
Aquatic-exercise program 96.05 ± 4.91 95.49 ± 5.17 95.56 ± 4.74 0.507a 
Land-exercise program 94.38 ± 6.38 - 94.38 ± 6.38 - 

Notes: Values are expressed in mean ± SD or n (%). 
a Independent Samples t Test. 
b Chi-squared test or Fisher's exact test. 

Abbreviations: BMI = body mass index; VAS = Visual Analogue Scale; ODI = Oswestry Disability Scale; TSK-13 = 
Tampa Scale for Kinesiofobia-13; MMST = Modified-Modified Schober Test. 
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Primary outcomes 

Pain and disability level outcomes at baseline, after 8- and 12-week follow-ups are 

presented in Table 5. The analysis revealed a significant effect of time on pain at rest, 

movement, and night, indicating noticeable differences across the various time points. 

Pairwise comparisons showed that pain at rest, at movement and at night decreased 

from baseline to 8-week (P < 0.001, for all 3 variables), and from baseline to 12-week 

follow-up (P < 0.001, for all 3 variables). Furthermore, between the 8- and 12-week 

follow-ups pain significantly increased (P < 0.001, for all 3 variables).  

Additionally, mean change results showed that participants in the ALG experienced a 

greater reduction compared to the AG in pain at rest (ALG: -3.90, d = -2.69, large; 

AG: -2.45, d = -1.25, large), at movement (ALG: -4.02, d = -2.62, large; AG: 

= -1.71, d = -0.75, medium) and at night (ALG: -3.77, d = -1.99, large; AG: -

1.46, d = -0.62, medium) from baseline to the 8-week follow-up. When comparing the 

mean change between baseline and the 12-week follow-up, the ALG sustained a greater 

reduction than the AG in pain at rest (ALG: -2.63, d = -1.82, large; AG: -1.53, 

d = -0.74, medium), at movement (ALG: -2.63, d = -1.53, large; AG: -1.41, d = 

-0.61, medium) and at night (ALG: -2.96, d = -1.48, large; AG: -1.12, d = -

0.48, small). On the other hand, between the 8- and 12-week follow-ups, the ALG 

, d = 0.99, large; 

.92, d = 0.40, small), at movement (ALG: 1.39, d = 1.18, large; AG: 

0.29, d = 0.14, trivial) and at night (ALG: 0.82, d = 0.76, .33, d 

= 0.16, trivial). The mean change values in the ALG exceeded the MCID for EVA (20 

mm) from baseline to the 8- and 12-week follow-ups in pain at rest, at movement and at 

night. In the AG, the MCID was only surpassed in pain at rest between baseline and the 

8-week follow-up. 

All pain-related outcomes showed a significant time-group interaction (Table 5). In 

addition, a significant difference between groups was found for pain at rest (Table 5).  

After the 8-week follow-up, the ALG was significantly lower than the AG for pain at 

rest (d = -0.94, large; P = 0.004) (Figure 3A), at movement (d = -1.18, large; P < 0.001) 

(Figure 3B), and at night (d = -1.14, large; P = 0.001) (Figure 3C). The ALG remained 

significantly lower than the AG after the 12-week follow-up for pain at rest (d = -0.74, 

medium; P = 0.028) (Figure 3A), and at night (d = -0.82, large; P = 0.016) (Figure 3C).
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Figure 3 - Differences between baseline, 8- and 12-week follow-ups, and between groups on (A) Pain at rest, (B) 
Pain at movement, (C) Pain at night, (D) Disability level, (E) Fear of movement and (F) Lumbar mobility.  

The light gray line represents the aquatic-exercise group and the black line represents the aquatic- and land based-
exercise group. All values are presented as mean ± SD. A 2 x 3 within-between interaction factorial ANOVA with 
Holm Bonferroni post hoc test was used. *P < 0.05, **P < 0.01, ***P < 0.001 difference between groups. VAS = 
Visual Analogue Scale; ODI = Oswestry Disability Index; TSK-13 = Tampa Scale of Kinesiophobia-13; MMST = 
Modified-Modified Schober Test. 
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Regarding disability level, the analyses revealed a significant effect of time (Table 5). 

Pairwise comparisons indicated that disability decreased from baseline to the 8-week 

and 12-week follow-ups (P < 0.001, for both comparisons). Between the 8- and 12-

week follow-ups, disability increased significantly over time (P < 0.001). Moreover, the 

ALG showed a larger reduction in mean change than the AG in disability level from 

baseline to the 8-week follow-up (ALG: -24.20, d = -2.53, large; AG: -11.22, d 

= -0.82, large) and to the 12-week follow-up (ALG: -15.90, d = -1.52, large; AG: 

= -7.22, d = -0.59, medium). The ALG , d = 1.13, large) had a greater increase 

in disability than the AG , d = 0.39, small) between the 8 and 12-week follow-

ups. Additionally, the mean change in the ALG overtook the MICD for ODI (10%) 

from baseline to the 8- and 12-week follow-ups. In contrast, the AG only exceeded the 

MCID between baseline and the 8-week follow-up. 

A significant time-group interaction was also observed for disability level (Table 5). 

The between-groups analysis revealed a significant difference between both groups 

(Table 5). Disability level in the ALG was significantly lower compared to the AG at 

the 8-week (d = -2.25, large; P < 0.001) and 12-week (d = -1.84, large; P = 0.001) 

follow-ups (Figure 3D). 

Secondary outcomes 

Fear of movement and lumbar mobility outcomes at baseline, after 8- and 12-week 

follow-ups are displayed in Table 5. A significant effect of time was found for fear of 

movement. A significant decrease in fear of movement was evidenced from baseline to 

8-week follow-up (P = 0.002). In contrast, this outcome significantly increased between 

the 8- and 12-week follow-ups (P < 0.001). 

The mean change results demonstrated a greater reduction in the ALG compared to the 

AG between baseline and the 8-week (ALG: -4.70, d = -1.03, -2.00, 

d = -0.40, small) and the 12-week follow-up -0.95, d = -0.64, medium; AG: 

-0.06, d = -0.01, trivial).  Nevertheless, from the 8- to the 12-week follow-ups, the 

AG ( 1.94, d = 0.35, 

1.75, d = 0.38, small). When mean changes were compared to the MCID for TSK-13 

(5.5 points), no clinical differences were observed in both groups. 
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No significant time-group interaction was found for this outcome (Table 5). However, 

fear of movement revealed significant differences between groups (Table 5). Further 

analysis revealed that fear of movement levels were significantly lower in the ALG 

compared to the AG at the 8- (d = -0.99, large; P = 0.004) and 12-week (d = -1.07, 

large; P = 0.002) follow-ups (Figure 3E). 

The analysis of lumbar mobility showed a significant effect of time (Table 5). Pairwise 

comparisons revealed a significant increase in this outcome between baseline and the 8-

week follow-up (P = 0.002). However, a significant decrease (P < 0.001) was observed 

for this outcome from the 8- to the 12-week follow-ups. 

In addition, the mean change results showed a slightly larger increase in the AG (

0.63, d = 0.53, medium) compared to the ALG ( 0.49, d = 0.45, small), between 

baseline and the 8-week follow-up. Furthermore, the ALG revealed a higher decrease 

than the AG from baseline to the 12-week follow-up (ALG: -0.73, d = -0.54, 

medium -0.15, d = -0.12, trivial) and between the 8- and 12-week follow-ups 

(ALG: -1.22, d = -0.81 -0.78, d = -0.65, medium). Comparison of 

mean change values with the MDC for MMST (1 cm) revealed no clinically relevant 

changes. 

Time-group interaction (Table 5) and between groups (Figure 3F) analysis presented no 

significant differences. 

 

Discussion 

The current study examined the effects of a combined aquatic and land-based exercise 

program compared to an aquatic-exercise program on pain and disability in participants 

with CLBP. Therefore, this study aimed to explore the effects on fear of movement and 

lumbar mobility, as well as the impact of training cessation on these variables 4 weeks 

after the end of the intervention. The main finding of this study shows that both 

combined and aquatic 8-week exercise programs reduce pain and disability in people 

with CLBP.  

These findings are consistent with previous studies that demonstrated the effects of 

aquatic (Abadi et al., 2019; Dundar et al., 2009; Han et al., 2011; Heidari et al., 2023; 
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Ma et al., 2022), and land-based (Fernández-Rodríguez et al., 2022; Hayden et al., 2021; 

Kim & Yim, 2020) exercise programs on pain and disability in people with CLBP. A 

previous study found that a 10-week aquatic-exercise program reduced VAS pain in 

people with CLBP (Han et al., 2011). Abadi et al. (Abadi et al., 2019) also revealed that 

a 12-week aquatic-exercise program may be effective to decrease functional disability 

in obese women with CLBP. Furthermore, both core stability exercise and hip muscle 

stretching 6-week land-based exercise programs had greater improvements in pain 

intensity and disability level than sham intervention (Kim & Yim, 2020). These findings 

are particularly significant, as both forms of exercise appear to contribute substantively 

to the reduction of the impact of CLBP (Hayden et al., 2021). However, when 

comparing aquatic to land-based exercise programs, the differences appear to be 

minimal regarding pain intensity and disability level, as both appear to be equally 

effective (Bello et al., 2010; Sjogren et al., 1997; Yalfani et al., 2020). Firstly, aquatic-

exercise can enhance blood flow velocity and promote muscle relaxation, which aids in 

reducing pain stimuli (Kamioka et al., 2010). On the other hand, evidence suggests that 

land-based exercises may induce greater improvements in muscle performance 

compared to water-based exercises (Booth et al., 2017), particularly when targeting the 

abdominal, spinal, and pelvic muscles, which is a crucial factor to manage CLBP (Kim 

& Lee, 2017; Lee et al., 2014). 

The observed reductions in pain and disability exceeded the MICD thresholds for both 

VAS and ODI, with the most pronounced improvements noted in the ALG group. This 

finding is particularly important, as a statistically significant mean difference does not 

necessarily reflect a clinically meaningful change from the perspective of the patients 

receiving treatment (Cook, 2008; Malec & Ketchum, 2020). This suggests that 

participants in this study may have experienced perceptible changes in pain and 

disability, indicating improvements of relevant clinical significance in the management 

of CLBP (Sedaghat, 2019). 

Another key finding of this study was that the combined-exercise program led to 

significantly greater improvements than aquatic-exercise program in pain intensity and 

disability. These results are in line with similar previous studies that that reported a 

decrease in pain intensity at rest and during exercise, and disability level in patients with 

CLBP (Dundar et al., 2009; Yücesoy et al., 2021). The study of Yücesoy et al. (2021) 

observed that a 2-week combined training significantly reduced VAS and ODI scores 
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compared to a home exercise program. These findings may be attributed to the 

combined advantages offered by both aquatic- and land-based exercise modalities. On 

one hand, water temperature and immersion play significant roles in influencing the 

expression of Interleukin (IL)-10 (Gálvez et al., 2018). IL-10 is known to enhance 

endogenous anti-cytokines and suppress pro-inflammatory cytokine receptors, 

potentially playing a key role in chronic pain management (Uçeyler et al., 2006; Zhang 

& An, 2007). On the other hand, land-based exercise programs that emphasize the 

strengthening of trunk and lumbopelvic musculature contribute to the maintenance of 

spinal stability during upper and lower limb movements, and promote more efficient 

neuromuscular recruitment patterns (Fernández-Rodríguez et al., 2022). In addition, 

core stability exercises enhance the functional synergy between the transversus 

abdominis and multifidus muscles, potentially leading to significant improvements in 

lumbar stability (Kim & Yim, 2020; Smrcina et al., 2022). These factors may have 

collectively accounted for the greater efficacy of combined-exercise interventions in 

reducing pain and disability in this study.  

These findings are particularly significant, as elevated pain intensity is associated with 

an increased risk of developing persistent and disabling CLBP (Hartvigsen et al., 2018). 

Thus, the implemented exercise programs may help interrupt the negative cycle of pain-

functional incapacity, which is often associated with reduced ability to perform daily 

activities and diminished quality of life, impacting physical, emotional, and social well-

being (Campbell et al., 2013; Dubois et al., 2014). 

Another notable finding of this study was the reduction in fear of movement observed in 

both groups. Previous studies have also reported significant reductions in kinesiophobia 

following a 12-week aquatic-exercise program (Peng et al., 2022) or a 12-week core 

stability land-based intervention (Cruz-Díaz et al., 2018). This reduction is particularly 

important for patients with CLBP within the framework of the fear-avoidance model, 

which posits that fear of pain leads to the avoidance of physical activities, ultimately 

contributing to functional disability (Hartvigsen et al., 2018). Therefore, increased 

patient confidence and engagement in physically demanding tasks may contribute to 

improved neuromuscular function, which in turn could positively influence levels of 

kinesiophobia (Cruz-Díaz et al., 2018). 



41 
 

Although the ALG demonstrated significantly greater improvements than the AG after 

the 8-week follow-up, neither group achieved changes exceeding the MICD. A possible 

explanation for the lack of effect is that pain beliefs are shaped by cognitive 

mechanisms influenced by prior experiences, cultural background, and educational 

factors (Alaca et al., 2020). Thus, incorporating cognitive-behavioral therapy or pain 

education may enhance the clinically relevant benefits of exercise interventions (Alaca 

et al., 2020; Sidiq et al., 2024). 

Both groups showed an increase in lumbar mobility after the 8-week interventions, 

though neither exceeded the MDC. These results align with previous studies showing 

increased lumbar mobility, measured by the Modified Schober Test, after 2 weeks of 

aquatic-exercise (Yücesoy et al., 2021), and 12 weeks of land-based stretch and strength 

training (Yildirim & Gultekin, 2022). Stretching and strengthening exercises improve 

the strength of weakened muscles and enhance hip and spinal ROM, which may reduce 

pressure on the spine and provide pain relief (Kang & Kim, 2019; Kim & Yim, 2020). 

Withal, ROM and 

intensity (Yalfani et al., 2020). Still, there were no differences between the groups post-

intervention. The study of Yücesoy et al. (2021) also found no differences in lumbar 

mobility between land-based exercise and combined aquatic- and land-based exercise 

after the intervention. Although the MMST is a valid and reliable measure of lumbar 

mobility (Amjad et al., 2022; Tousignant et al., 2005), a recent study suggested it may 

not fully reflect the mobility of the entire lumbar spine due to anatomical variations 

among participants (Taheri et al., 2024).    

In this study, the 4-week detraining period was enough to significantly increase pain, 

disability, and fear of movement, while decreasing mobility. However, all outcome 

measures after the detraining period showed better results than baseline, except for 

mobility. Previous studies show similar results when comparing baseline to 1-, 3-, and 

12-month follow-ups after treatment; although, none analyzed the detraining period 

(Dundar et al., 2009; Peng et al., 2022; Yücesoy et al., 2021). The worsening of results 

after the detraining period may be attributed to the decrease in physical activity among 

the participants. Insufficient physical activity is known to increase fat mass, decrease 

muscle mass, and cause lumbar spine stiffness, all of which play a significant role in the 

persistence of CLBP (Beach et al., 2005; Park et al., 2024; Seyedhoseinpoor et al., 

2022). Moreover, pro-inflammatory cytokines such as IL-6, tumor necrosis factor 
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(TNF)- -reactive protein, which increase inflammation, are strongly linked to 

low physical activity levels (Park et al., 2024), and contribute to higher pain intensity 

and dysfunction in CLBP patients (Koch et al., 2007; Kraychete et al., 2010). 

Regarding the strengths of our study, we conducted an 8-week blinded, randomized 

controlled trial featuring supervised aquatic- and land-based exercise sessions. Another 

 In 

addition, the magnitude of the effect observed provided the study with considerable 

robustness in the inferences made. Finally, incorporating an analysis of the detraining 

period introduces an innovative element to this study relative to prior research. 

However, the current investigation presents several limitations that justify discussion. 

First, the administration of anti-inflammatory or analgesic medications, as well as other 

non-pharmacological interventions that could influence CLBP symptoms, was not 

controlled. Future research should take this aspect into consideration. Second, the 

reduced sample size limited the ability to explore subgroup differences. More 

participants would make the study stronger. Finally, the effect of the intervention was 

not analyzed considering the risk factors for the occurrence of CLBP (low physical 

activity level, obesity, smoking, and high stress levels) (Stevans et al., 2021). A new 

investigation should incorporate these variables into their analyses. 

Further research should also be conducted to investigate the effects of an extended 

detraining period and to better understand its impact on CLBP. 

 

Conclusion 

This study suggests that both aquatic- and combined-exercise programs effectively 

reduce pain, disability, and kinesiophobia, while improving lumbar mobility. However, 

the combined-exercise program appears to have a greater effect than the aquatic 

program on pain, disability, and fear of movement. Additionally, a 4-week detraining 

period is sufficient to negatively impact all evaluated outcomes. Importantly, the study 

highlights the need for continuous exercise interventions, as interruptions may have 

negative clinical implications in CLBP patients. 
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General Conclusions 

The present work investigates the effects of a combined aquatic- and land-based 

exercise program compared to an aquatic-only exercise program in adults with chronic 

low back pain, including outcomes after a 4-week detraining period. So, we initially 

conducted a randomized controlled trial protocol that compared the previously 

described programs. Following the previously established protocol, we carried out an 8-

week randomized controlled study comparing the two exercise programs described 

earlier. The study aimed to evaluate their effects on pain, functional disability, fear of 

movement, and lumbar mobility. Furthermore, we analyzed how these variables were 

affected after a 4-week detraining period. 

The randomized controlled trial shows that both aquatic and combined exercise 

programs significantly decrease pain, disability, and kinesiophobia, while enhancing 

lumbar mobility. However, the combined-exercise program seems to produce greater 

improvements in pain, disability, and fear of movement compared to the aquatic 

program. Furthermore, a 4-week detraining period is enough to cause a decline in all 

measured outcomes. 

Thus, the data presented highlights the importance of continuous exercise interventions 

in managing CLBP. Further research with a larger sample size is needed to examine the 

effects of a prolonged detraining period and to gain a deeper understanding of its impact 

on chronic low back pain. Additionally, the administration of anti-inflammatory 

medications, analgesics, and other non-pharmacological interventions should be 

carefully controlled. 

 

 

 

 

 

 

  



44 
 

References 

Chapter 1 

-

-

 

-

-

 

-

-  

-  

-  

- - - -

-

-  

-

- -

-  

-  



45 
 

-

-

-  

 

-

-

 

-  

-

 

-

 

- - - -

-

 

 

-

 



46 
 

-

-

 

-

 

-

- - -  

-

 

 

- - -

- -

 

-

 

-

-

 



47 
 

-  

-

 

-

 

-

 

-  

-  

-

 

-

 

-

- -

- --

 

- -

- -

- --  



48 
 

-

 

-

 

-

-

- -  

 

-  

-

 

-

 

-

-

 



49 
 

- -

 

-

- -

-

-

 

 

-

 

-

- - - - -  

- -

 

 

- - - -  

-



50 
 

- - -

 

-  -

-  

-  

-  

-

-

 

-

- -  

-

-  

 

-

 

-

- -

-  

-  



51 
 

-  

 

 

-  

 

- - - -  

-

- - -  

-

 

-  

- -

 

-  

-

 



52 
 

 

-

 

-

 

-

- -  

-

 

-

-  

-

 

-

-  

-

- -

 



53 
 

-

-

 

-

 

-

 

-

-  

 

-

 

-

- -



54 
 

-  

-

-

-  

-

 

-

- - - - -

-  

- - -  

-

 

-  

- -

- -

 

-

 

- -

 

-  



55 
 

-

- -  

-

-

-  

-

 

- -

-

- -

- -  

 

 

 

 

 

 

 

 

 

 

 



56 
 

Chapter 2 

-

-

 

-  

-

-  

-

- - -  

-

-

 

-

-  

-  

- - - -

-

-  



57 
 

-

- -

-  

-

-

 

-  

-  

-

-

-  

-  

 

-

-

 

-

-

 



58 
 

-  

-

 

-  

- -

 

-

 

-

-

 

-

 

-

-  

-

- - -  



59 
 

-

 

 

- - -

- -

 

-  

- - - -

-

 

-  

-

 

-

 



60 
 

-

 

- -

-

- -

-  

-

-

-

 

-  

-  

- - - -

- - -

- -

-

-  

-

 

 

- - -  



61 
 

-

 

-

-

- -  

 

-  

-

 

-

 

- -

 

-  

- -

 



62 
 

- -

-  

-

- -

-

-

 

 

-

 

-

- - - - -  

-

-  

 

-

 



63 
 

- - - -  

-

- - -

 

-  

-

 

-  

-

 

-

-

 

-  

-



64 
 

-

- - -  

-

- -

-  

-

-

- -  

-

-  

-

 

-

 

-

- -

-  

-  

-

 



65 
 

- - -

-  

 

- - - -  

-

- - -  

-

 

-  

- -

 

-  

-

 

-

 



66 
 

-

- - -

 

-

 

 

-  

-

-

-  

-

 

-

- -  

-

 

 



67 
 

-

 

-

-  

-

 

-

-  

- --

-

-  

- -

-

-  

-

-  

-

 



68 
 

-

- - - -  

-

-

 

-

 

-

-  

-

 

-

-

 

-

 

-

-

 



69 
 

-

-  

 

- -

-  

-

- -  

-

 

-

- -

-  

-

-

-  



70 
 

-

 

- - -  

-

 

- - - -  

-

 

 -

-

 

-  

-

- -  

-

-

-  

-

-

 

- -



71 
 

-

- -

- -  

-

 

 

 



1 
 

Appendices 

 

 



2 
 A

pp
en

di
x 

1 
- 

O
ra

l c
om

m
un

ic
at

io
n 

ce
rt

if
ic

at
e 

 

 



3 
 A

pp
en

di
x 

2 
 C

ID
E

SD
 I

nt
er

na
ti

on
al

 C
on

gr
es

s 
20

25
 -

 E
-P

os
te

r 
 

 

 



4 
 

Appendix 3  Standard Protocol Items: Recommendations for 

Interventional Trials - Checklist 
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