N
N

N

HAL

open science

Identification of Responders to Balneotherapy among
Adults over 60 Years of Age with Chronic Low Back
Pain: A Pilot Study with Trajectory Model Analysis
Benjamin Raud, Charlotte Lanhers, Cindy Crouzet, Bénédicte Eschalier,

Frangois Bougeard, Anna Goldstein, Bruno Pereira, Emmanuel Coudeyre

» To cite this version:

Benjamin Raud, Charlotte Lanhers, Cindy Crouzet, Bénédicte Eschalier, Francgois Bougeard, et al..
Identification of Responders to Balneotherapy among Adults over 60 Years of Age with Chronic Low
Back Pain: A Pilot Study with Trajectory Model Analysis. International Journal of Environmental

Research and Public Health, 2022, 19 (22), pp.14669. 10.3390/ijerph192214669 . hal-04023054

HAL Id: hal-04023054
https://hal.inrae.fr /hal-04023054
Submitted on 10 Mar 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.inrae.fr/hal-04023054
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

International Journal of
Environmental Research

and Public Health

Article

Identification of Responders to Balneotherapy among Adults
over 60 Years of Age with Chronic Low Back Pain: A Pilot Study
with Trajectory Model Analysis

Benjamin Raud 1 Charlotte Lanhers !, Cindy Crouzet 2, Bénédicte Eschalier 2, Francois Bougeard 2

Anna Goldstein 3, Bruno Pereira

check for
updates

Citation: Raud, B.; Lanhers, C.;
Crouzet, C.; Eschalier, B.; Bougeard,
E,; Goldstein, A.; Pereira, B.;
Coudeyre, E. Identification of
Responders to Balneotherapy among
Adults over 60 Years of Age with
Chronic Low Back Pain: A Pilot
Study with Trajectory Model
Analysis. Int. ]. Environ. Res. Public
Health 2022, 19, 14669. https://
doi.org/10.3390/ijerph192214669

Academic Editors: Cesar Fernandez

-de-las-Pefas and Albert Nienhaus

Received: 8 August 2022
Accepted: 4 November 2022
Published: 8 November 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

3(0 and Emmanuel Coudeyre 1*

Service de Médecine Physique et de Réadaptation, CHU Clermont-Ferrand, INRAE, Université Clermont
Auvergne, F-63000 Clermont-Ferrand, France

Département de Médecine Générale, Université Clermont Auvergne, F-63000 Clermont-Ferrand, France
Unité de Biostatistique, Délégation Recherche Clinique et Innovation, CHU Clermont-Ferrand,

63003 Clermont-Ferrand, France

Correspondence: ecoudeyre@chu-clermontferrand.fr; Tel.: +33-4-73-750-900

Abstract: Balneotherapy may be a relevant treatment for chronic low back pain (LBP) in individuals
> 60 years old. This pilot study aimed to determine the effectiveness of balneotherapy for chronic
LBP in people > 60 years old and to determine profiles of responders with trajectory model analy-
sis. This was a pilot prospective open cohort study, with repeated measurements using validated
questionnaires; participants were their own controls. The primary endpoint was the proportion
of participants with a change in pain intensity between the start of treatment and 3 months after
treatment assessed with a numeric scale (NS) from 0 to 100 mm, with an effect size (ES) > 0.5. The
assessments involved questionnaires that were self-administered on days (D) 1 and 21 and at months
3 and 6. The secondary objective was to determine the profile of responders to balneotherapy. We
included 78 patients (69.2% women), mean age 68.3 £ 5.3 years. The mean pain score on the NS was
48.8 £ 19.9 at D1 and 39.1 & 20.5 at 3 months (p < 0.001). The ES was 0.47 [95% confidence interval
[CI] 0.25 to 0.69] for the whole sample; 36% (28/78) had an ES > 0.5; 23% (18/78) had a moderate
ES (0 to 0.5); and 41% (32/78) had an ES of zero (14/78) or < 0 (18/78), corresponding to increased
pain intensity. The pain trajectory model showed that the change in pain between D1 and D21 for
trajectory A (larger reduction in pain intensity) was —50% [95% CI —60 to —27], and for trajectory B
(smaller reduction in pain intensity), it was —13% [—33 to 0] (p < 0.001). Between Day 1 and month 3,
the change for trajectory A was —33% [—54; 0] and for trajectory B was —13% [—40 to 0] (p = 0.14).
Finally, between D1 and month 6, the change for trajectory A was —50% [—60 to 0] and for trajectory
B was —6% [—33 to 17] (p = 0.007). The patients in trajectory A reported performing more physical
activity than those in trajectory B (p = 0.04). They were also less disabled, with a mean Oswestry
Disability Index of 40.4 versus 45.7 for those in trajectory A and B, respectively, (p = 0.03) and had a
higher total Arthritis Self-Efficacy Scale score. This real-life study of the effectiveness of balneotherapy
on chronic LBP identified distinct pain trajectories and predictive variables for responders. These
criteria could be used in decision-making regarding the prescription of balneotherapy, to ensure
personalized management of chronic LBP.

Keywords: balneotherapy; chronic low back pain; aged; hydrotherapy; disability

1. Introduction

Chronic low back pain (LBP) is a major public health issue, that generates considerable
direct and indirect socioeconomic costs [1,2]. Chronic LBP is estimated to account for more
than 85% of the medical costs of all cases of LBP [3], although it represents only 10% to 15%
of the pain [4]. The estimated cost of chronic LBP in France is 2.7 billion euros per year (i.e.,
1.5% of the annual health expenditure [figure from the Public Health Orientation Law]). In
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the coming years, with the aging of the population, this burden is likely to increase; in 2050,
31.9% of the French population will be >60 years old [5,6]. Chronic low back pain can cause
disability, have a negative impact on mood, and reduce health-related quality of life [2]

A wide range of treatments for chronic LBP exist, including pharmacological treat-
ments, such as nonsteroidal anti-inflammatory drugs (NSAIDs), and non-pharmacological
treatments, such as physiotherapy and adapted physical activities. In 2019, the new recom-
mendations of the French National Authority for Health proposed a therapeutic strategy
to manage chronic LBP [7]. The only treatment recommended with grade A evidence
was NSAIDs. Physiotherapy and adapted physical activities were also recommended as
first-line treatment (grade B). Paracetamol has been evaluated in a few studies [8], but
none found that it effectively managed chronic LBP. Nevertheless, expert agreement rec-
ommends paracetamol, and it is cited as a first-line drug therapy. Although NSAIDs are
recommended as a first-line treatment, they can have numerous adverse effects, particularly
in older people [9,10]: their long-term use can affect the cardiovascular and gastrointestinal
systems. Furthermore, the recommendations focused on non-specific LBP in individuals
aged 18 to 55 years old. To our knowledge, there are no specific recommendations for the
management of chronic LBP in individuals above this age.

We conducted a review on PubMed using the keywords “chronic low back pain” with
the limitations “guideline, systematic review, ages + 65” for the last 10 years”. We did
not find any guidelines but did find three reviews. The prevalence of LBP among elderly
individuals ranged from 21 to 75%. [11]. Exercise is the most consistent intervention in
optimizing recovery from LBP, but the review was unable to draw conclusions regarding the
number and frequency of sessions that should be done [12]. Among the studies included in
the systematic review, six are related to physiotherapy modalities; one is related to strength
training, and two are related to endurance training. The low-quality evidence suggests
that physical therapy is associated with a small-to-moderate reduction in pain and a small
improvement in function. [13]

From a personalized medicine perspective, individuals’ preferences must be consid-
ered; this could be facilitated by a wider range of evidence-based treatment options.

In the 2000 recommendations [14], balneotherapy had grade B evidence, although
it was not evaluated in the latest recommendations. Balneotherapy involves bathing in
hot or warm baths of natural mineral water in spa centers (Mesh). Several clinical trials
have demonstrated the effectiveness of balneotherapy on pain and functional disability
in chronic LBP [15,16]. A study of individuals > 50 years old with chronic LBP, who
had balneotherapy treatment for 15 days, showed a reduced consumption of analgesia,
decreased pain levels, and improved functional capacity 3 months after the treatment [15].

People > 60 years old are classified as “elderly” by the World Health Organization
(WHO). Back pain is quite prevalent in this population and has a significant impact on
the daily lives of those affected [16-18]. The effectiveness of balneotherapy has not been
specifically evaluated in patients > 60 years old.

The results of studies on balneotherapy for the treatment of LBP are contradictory.
The 2004 European recommendations did not recommend the use of balneotherapy for
the management of chronic LBP [19]. However, in 2015, a systematic review and meta-
analysis found that pain intensity (visual analog scale [VAS]) and disability (Oswestry
Disability Index [ODI]) reduced significantly more after the balneotherapy than the control
treatment [20]. Further studies are therefore needed to determine if there is a particular
profile of older individuals who respond to balneotherapy [21].

The aim of this study was to measure the effectiveness of conventional balneother-
apy in older individuals with chronic LBP on pain intensity. The secondary aim was to
determine the profile of good responders to balneotherapy with trajectory model analysis.

2. Materials and Methods

This was a pilot, single-center, prospective open cohort study, with repeated mea-
surements using validated questionnaires (Appendix A). The study took place over 6
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months; the participants were their own controls, and the individual post-treatment change
was analyzed.

The study took place at the Neyrac-les-Bains thermal baths over 4 months. All the
treatments were identical and pre-determined and were administered 6 days per week
for 3 weeks. Four of the following hydrotherapy treatments were administered each
day: thermal steam bath at 45-48 °C, cataplasm, aerobath with mud, general jet shower,
mobilization pool, massage under thermal water, application of thermal water gel, exercise
in hot thermal mud, and high-pressure shower. The whole treatment lasted for 2 h.

The composition of the water was as follows (per 1 L): silica 127.6 mg anions, H,CO3
1711.1 mg, SO4 16.6 mg, C1 10.4 mg, cations, Ca++ 217 mg, Mg++ 63 mg, Na+ 274.4 mg,
B 270 mg, Cu < 0.02 ug, Ph 6.45, Zn < 0.02 ug, Fe 15 mg, Se <5 nug.

To be included in the study, individuals had to be aged 60 to 80 years old and have had
mechanical lumbar spine pain for >3 months. They were not included if they had a history
of spinal surgery, inflammatory rheumatic disease, a tumor or a traumatic or infectious
lesion, received balneotherapy in the 6 months before the start of the study, an evolving
disc hernia, a numeric scale (NS) rating of 0 at inclusion, difficulty understanding written
or oral French, or were unable to participate in the study.

2.1. Endpoints

The primary endpoint was the proportion of participants with a change in pain
intensity on the NS between the start of the treatment and 3 months post-treatment with an
effect size (ES) > 0.5. According to the recommendations proposed by Cohen [22]: ES < 0.2
was considered insignificant, 0.2 to 0.5 small, 0.5 to 0.8 moderate, and > 0.8 large.

The secondary endpoints were functional disability, measured with the Oswestry
Disability Index (ODI) [23] (a 10-item questionnaire, the score is calculated as a percentage
of disability from 0% to 100%); perceived self-efficacy, measured with the Arthritis Self-
Efficacy Scale (ASES) (a questionnaire that is validated in French [24] and has three parts:
six questions about personal pain management, nine questions about function, and six
questions about other symptoms); and fears and beliefs, measured with the physical part of
the Fear Avoidance Belief Questionnaire (FABQ) (evaluates fears and beliefs about physical
activity and pain) [25]. The consumption of analgesia was assessed by standardized
collection (molecule and dosage). We did not use the work dimension of the FABQ), given
the age of the target population.

We also determined the profile of good responders to balneotherapy with trajectory
model analysis.

2.2. Data Collection

The evaluations involved self-administered questionnaires that were distributed per-
sonally at the end of the inclusion visit (day [D] 1) and at the end-of-treatment visit (D21), as
well as being sent by mail to the participant’s home at 3 and 6 months. For the evaluations
at D1 and D21, a nurse from the balneotherapy study was available to help participants
complete the questionnaires, if necessary. The questionnaires were then collected from a
box in the entrance hall of the Neyrac-les-Bains spa. For the 3- and 6-month evaluations,
the investigator contacted the participants by telephone in the case of non-return.

2.3. Statistical Analysis

We calculated the number of participants required according to Fleming’s multistage
design [26] because this was a pilot study that evaluated the ES associated with the benefits
of conventional balneotherapy in older individuals with chronic LBP. This experimental
design considered a single group, and the sequential method analyzed efficacy, set as a
dichotomous criterion (and, more precisely, its confidence interval [CI]): the proportion
of participants with a reduction in pain level with an ES > 0.5 at month 3. In view of
the recruitment capacity, feasibility, and literature data, we chose a one-stage design
with a lower bound of maximum inefficiency of about 50% and an upper bound of 65%
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(minimum efficiency), for the alpha and beta error risks set at 0.05 and 0.20, respectively
(power of at least 80%). With these assumptions, we needed to include 78 individuals.
We considered that a reduction in pain intensity with an ES > 0.5 for >47/78 individuals
would demonstrate that balneotherapy was effective.

Continuous data are expressed as the mean + standard deviation, or the median and
[interquartile range], depending on the normality of their distribution (assessed with the
Shapiro-Wilk test). To analyze the longitudinal data, random-effects models for repeated
data were used, with time as a fixed effect and the individual as a random effect, to take
between- and within-individual variability into account. A Sidak’s Type I error correction
was applied for multiple comparisons. For continuous endpoints, the normality of residuals
was evaluated with the Shapiro-Wilk test. When appropriate, a logarithmic transformation
was proposed to achieve the normality of the dependent outcome. The results are expressed
as ESs and 95% ClIs and interpreted according to Cohen’s recommendations. To identify
the distinct trajectories of pain, we used semi-parametric mixture models (group-based
trajectory model) to model the relation between pain level and time, for each trajectory,
the shape of the trajectory, and the estimated proportion of the population belonging to
each trajectory. This model allows data to be grouped using different parameter values for
each group distribution. The groupings may identify distinct subpopulations. The analysis
provides a formal way to determine the best-fit number of trajectories and a precise estimate
of group membership allocation, which can be expressed by using observed probabilities
and posterior probabilities. Furthermore, the best-fitting model was selected according
to the Bayesian Information Criterion. The continuous variables were then compared
between the independent trajectory groups with the Student’s t-test or Mann-Whitney test.
Homoscedasticity was analyzed with the Fisher—Snedecor test. The categorical variables
were compared with the Chi-square or Fisher’s exact test. The statistical analyses were
performed with Stata 15 (StataCorp, College Station, TX, USA). All the tests were two-sided
and p < 0.05 was considered statistically significant.

2.4. Legal and Ethical Aspects

This project received ethical approval from the Comité de Protection des Person-
nes Sud Est VI on 26 April 2016 (2016/CE 28) and was registered on ClinicalTrials.gov
(NCT02894125). The individuals could participate in this study only after receiving verbal
information from the doctor. All the information was summarized in a written information
note given to each person. At any time, the participants could exercise their right of access
and rectification by contacting the study managers. Written consent was obtained and
kept. The anonymity of the participants was ensured by an anonymous number on all the
documents necessary for the research. All the research was conducted in accordance with
the Declaration of Helsinki.

3. Results
3.1. Participants

We included 78 individuals who met the inclusion criteria; 69.2% were women, the
mean age was 68.3 & 5.3 years, and the mean weight was 72.8 &= 15.5 kg. The data were
analyzed at D1, D21 (end of treatment), and at 3 months for all 78 participants (Figure 1).
One participant was lost for follow-up at 6 months due to hospitalization for another reason.
All the individuals were referred by their physician who made the diagnosis; they were
then seen by a specialist in the spa resort who confirmed the diagnosis. The diagnosis of
chronic LBP was made following a clinical examination under the HAS guidelines, as low
back pain is defined by pain between the costal margins and the inferior gluteal folds. In
the absence of any red flags, no imagery was required.
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Assessed foreligibility (n=78)

[ Enroliment } Excluded (n=10)

+ Not meeting inclusion criteria (n= 0)

+ Declined to participate (n= 0)

+ Other reasons (n=0)

[ Allocation ]

Allocated to intervention (n=78)
+ Received allocated intervention (n= 78)
« Did not receive allocated intervention (give

reasons) (n= 0)

[ Follow-Up ]

Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons) (n= 0)

[ e )

Analysed (n= 77)

« Excluded from analysis (hospitalized) (n= 1)

Figure 1. Flow diagram.

3.2. Analysis of Effectiveness of Balneotherapy on Pain

The mean pain intensity NS rating was 48.8 £19.9 points on D1 and 39.1 £ 20.5 at
month 3 (p < 0.001, ES = 0.47 [95% CI 0.25 to 0.69]). In total, 28/78 (36%) participants had
an ES > 0.5; 18/78 (23%) had a moderate ES (0 to 0.5); and 32/78 (41%) had no effect size
(14/78) or an ES < 0 (18/78) (i.e., an increase in pain intensity).

The following variables had no effect on the change in pain: age (p = 0.87, mean age
67.5 £ 4.8 vs. 68.3 £ 5.3 for all participants with an ES > 0.5), sex (p = 0.50, 46% of men vs.
41% of women with ES > 0.5), weight (p = 0.90, mean 73.8 4= 17.7 kg vs. 72.8 £ 15.5 for all
participants with ES > 0.5), family situation (p = 0.36), level of physical activity (p = 0.33),
and the number of previous spa treatments in the center (p = 0.74). On D21, the mean
pain level was 35.5 £ 19.5 (p < 0.001, ES = 0.64 [95% CI 0.42 to 0.86]) and, at month 6, was
39.7 £22.3 (p < 0.001, ES = 0.44 [0.22 to 0.66]).

3.3. Effect of Balneotherapy on ODI, ASES, and FABQ

Significant changes were found in ODI, ASES, and FABQ over time; these results are
presented in Table 1.
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Table 1. Change in Oswestry Disability Index, ASES, and FABQ scores over time.
D1 D21 Month 3 Month 6
404 +8.7 394+£95 40.3 £10.3
ODI 43.5 £10.6 0.37[0.15t0 0.59], 0.48[0.26 to 0.71], 0.37 [0.14 to 0.59],
p =0.001 p <0.001 p=0.001
352 +82 343 +£9.2 33.8£9.8
ASES: pain 33.2£89 0.23[0.01to0.45],  0.13[—0.09 to 0.07 [-0.16 to
p=0.045 0.35],p=0.26 0.29],p = 0.56
724 +£13.9 712 £14.3 721+16.5
ASES: function 71.0 £15.6 0.11[-0.11 to 0.02 [—0.21 to 0.08 [-0.14 to
0.331,p=10.33 0.24],p=0.89 0.31],p=046
ASES: other 452 +£10.7 471 +9.5 472 +10.2
svmptoms 477 £ 8.4 0.28[0.06 t0 0.50],  0.22[0.00 to 0.44], 0.23 [0.01 to 0.45],
ymp p =001 p=0.05 p =004
187+ 45 182 +5.1 185+55
FABQ 183 +£53 0.07 [-0.15 to —0.02[-0.25 to 0.04[—0.18 to
0.29],p=0.53 0.20],p=0.83 0.271,p=0.69

Data are mean + standard-deviation and effect-size with 95% confidence interval and p-value (in italics) for
comparisons with D1 values. ODI: Oswestry Disability Index, ASES: Arthritis Self-Efficacy Scale; FABQ: Fear
Avoidance Beliefs Questionnaire.

3.4. Trajectories of Pain

The trajectory model approach identified two distinct pain profiles (Figure 2): tra-

jectory A: a larger reduction in pain intensity, 41.0% of participants; and trajectory B:
a smaller reduction in pain intensity, 59% of trajectories (observed probabilities). The
posterior probabilities were 42.8% and 57.2%, respectively, (expected close to the aforemen-
tioned observed probabilities); the average posterior probabilities were 94.7% and 93.2%
(expected >70%); and the odds of correct classification based on the posterior probabilities
of group membership 25.8 and 9.6 (expected >5).

o

O -

—

o
(e0)

60

Pain

40
@
/

20

3 months 6 months

Time after balneotherapy

=== Trajectory A —— Trajectory B

Figure 2. Change in pain intensity from the start of balneotherapy until the 6-month follow-up for
both pain trajectories.

The change in pain level from D1 to D21 was —50% [95% CI —60 to —27] for trajectory
A and —13% [—33 to 0] for trajectory B (p < 0.001). The change from D1 to month 3 was
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—33% [—54 to 0] for trajectory A and —13% [—40 to O] for trajectory B (p = 0.14). Finally,
the change from D1 to M6 was —50% [—60 to 0] for trajectory A and —6% [—33 to 17] for
trajectory B (p = 0.007). Comparisons of the participant characteristics between the two
pain trajectories are provided in Table 2. The participants were similar in terms of weight
and age, but those with trajectory A declared doing more physical activity than those with
trajectory B: 46.9% performed > 3 h per week of physical activity versus 19.7% respectively
(p = 0.04) (Table 3). Those with trajectory A also had fewer functional limitations than those
in trajectory B (mean ODI 40.4 vs. 45.7; p = 0.03) and a higher total ASES score as well as
higher ASES subscores (all p < 0.05).

Table 2. Pain trajectories (1 = 77).

Trajectory A Trajectory B p-Value
Age (year) 68.1 4.9 68.5 5.6 0.77
Weight (kg) 749 + 144 714 +16.2 0.33
Physical activity 0.04
<1 h/week 4 (12.5%) 9 (19.6%)
1-3 h/week 13 (40.6%) 28 (60.9%)
>3 h/week 15 (46.9%) 9 (19.7%)
Number of spa treatments 0.14
1 4 (12.5%) 14 (30.4%)
1-5 17 (53.1%) 14 (30.4%)
>6 11 (34.4%) 18 (39.1%)
Physiotherapy 9 (28.1%) 15 (32.6%) 0.67
NSAIDs 7 (21.9%) 16 (34.8%) 0.22
Paracetamol 20 (62.5%) 36 (78.3%) 0.13
WHO level II pain killer 3(9.4%) 16 (34.8%) 0.02
WHO level III pain killer 0 0
ODI (0-100%) 40.4 £10.2 45.7 £10.5 0.03
ASES score
Pain (0-50) 35.6 £ 6.8 31.5+938 0.03
Function (0-90) 76.3 £12.3 67.3 +16.6 0.008
Other symptoms (0-60) 489 £ 8.4 42.6 £11.5 0.007
Total 160.8 £ 23.5 1415+ 324 0.003
FABQ physical score (0-24) 19 +47 178 £ 5.6 0.32

Data are mean =+ SD unless otherwise indicated. ASES, Arthritis Self-Efficacy Scale; FABQ, Fear Avoidance Belief
Questionnaire; NSAIDs, non-steroidal anti-inflammatory drugs; ODI, Oswestry Disability Index; WHO, World
Health Organization.

Table 3. Sample characteristics at baseline (1 = 78).

n %
Physical activity <1 h/week 13 16.7
1-3 h/week 41 52.6
>3 h/week 24 30.7
1st spa treatment Yes 10 12.8
Number of previous spa treatments 1 18 23.1
1-5 31 39.7

>6 29 37.2
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Table 3. Cont.

n %

Physiotherapy 24 30.8
NSAIDs 23 29.5
Paracetamol 56 71.8
WHO level II pain killer 19 24.4
WHO level III pain killer 0 0
ODI (0-100%) (mean =+ SD) 435+ 10.6
ASES score Pain (0-50) 33.2

Function (0-90) 71

Other

symptoms 452

(0-60)

Total 149.4
FABQ score (0-24) Physical 18.3

ASES, Arthritis Self-Efficacy Scale; FABQ, Fear Avoidance Belief Questionnaire; NSAIDs, non-steroidal anti-
inflammatory drugs; ODI, Oswestry Disability Index; WHO, World Health Organization.

4. Discussion

Three weeks of balneotherapy for chronic LBP resulted in a mean reduction of pain
intensity of 10 mm on the NS, with an ES of 0.47. The pain intensity was reduced with an
ES > 0.5 for only 36% (28/78) of the participants. Furthermore, the pain intensity was higher
at month 3 than before treatment for 23% and did not change for 18% of the participants.

We identified two different pain trajectories with a trajectory model analysis. The first
trajectory (A) involved a clear decrease in pain intensity (50% decrease) immediately after
the treatment (D21), with the effects continuing until month 3 (33% decrease from baseline)
and month 6 (50% decrease). For the second trajectory (B), the pain intensity reduced, to
a lesser extent, immediately post-treatment (13% reduction) and gradually returned to
the pre-treatment state, with a 13% and 6% improvement at months 3 and 6, respectively.
The mean ODI score for the whole sample reduced from 43.5 to 39.5, with an ES of 0.48 at
month 3, indicating a reduction in the disability level.

To our knowledge, this is one of the few studies to focus on chronic LBP in individuals
> 60 years old [27]. The characteristics of our sample were similar to those of people usually
treated in a balneotherapy setting for chronic LBP [20].

Our results showed a positive effect of balneotherapy on pain, as has been found
previously [21], with a moderate ES of 0.47. A meta-analysis conducted in 2007 listed the
ESs of the different therapies available for chronic LBP [28]. None of the ES were much
higher than that found for the balneotherapy in the present study: 0.25 for physical activity
(0.52 in the long term), 0.57 for cognitive-behavioral therapies (0.24 in the long term), 0.22
for transcutaneous electrical nerve stimulation, and 0.35 for spinal manipulation. Only
NSAIDs had an ES of 0.61 (relative risk) in the short term. However, balneotherapy has the
advantage of being safe [29,30], especially in older people in whom complications relating
to NSAID-use are frequent [31,32].

We considered that an improvement in >50% of the participants would indicate that
the balneotherapy was effective; however, improvement only occurred in 36%. The pain
trajectory analysis showed that a proportion of the participants had a clear improvement
by D21, with the benefits on pain persisting for up to 6 months. It also showed that, despite
the apparent good average reduction in pain (—10 mm for the whole population), little,
or no, improvement occurred in a proportion of participants (trajectory B). These results
indicate that some individuals respond to balneotherapy whereas others do not.

Our purpose was to identify the criteria that could predict response to balneotherapy;
we were unable to discern a typical profile, although we found several predictive variables.
As shown in Table 1, the responders had less initial disability, more frequently consumed
strong analgesics (stage II), had higher levels of self-efficacy, and were more physically ac-
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tive than non-responders. The evolution of the participants in trajectory B shows that some
individuals showed an altered condition, whether function or pain, after the balneotherapy.

These results suggest that balneotherapy alone is not sufficient for the treatment
of chronic LBP and, if used, it should be associated with a global management program,
including specific exercises and /or an educational program. Programs that combine specific
treatment with balneotherapy, 6 days per week for 3 weeks with following hydrotherapy
treatments, thermal steam bath at 45-48 °C, cataplasm, aerobath with mud, general jet
shower, mobilization pool, massage under thermal water, application of thermal water gel,
exercise in hot thermal mud, and high-pressure shower could reduce pain and disability in
individuals identified as responders [33].

Limitations

The aim of this study was to identify pain trajectory profiles; therefore, the open-
label design with no control or placebo group was not a limitation. However, although
observational research is valuable in bringing information needed to improve medical
decision-making, it is associated with some bias.

Another limitation is that the follow-up only lasted 6 months and not 12; this is the
main limitation of our study, but the effect of balneotherapy is at the medium term and no
study had ever demonstrated a long-term effect.

Either, we did not consider several psychosocial factors that could affect the experience
of chronic pain, particularly mood.

To finish with, we did not include a large sample size because we considered that a
reduction in pain intensity with an ES > 0.5 for >47/78 individuals would demonstrate that
balneotherapy was effective. Also, for this pilot study, we did not have any comparative
group and only included participants older than 60 years, because that was the aim of the
study. Another study with all ages would be relevant.

5. Conclusions

Despite numerous limitations, this real-life study of the effectiveness of balneotherapy
on aged participants with chronic LBP confirmed a medium-term effect at 3 months and
identified distinct pain trajectories and predictive variables for responders. Further studies
are required to fully determine the subgroups of individuals over the age of 60 who benefit
the most from balneotherapy. The ES for pain after the balneotherapy was similar to that
for other recommended therapies for chronic LBP. New studies must take into account a
long-term follow-up for this chronic pathology, a larger sample size and a comparative
group, and also participants of other age groups.

Despite the apparent efficacy of the treatment, we identified two responder profiles,
with some individuals clearly responding less to the balneotherapy than others. The criteria
for responders identified in this study could be used in decision-making regarding the
prescription of balneotherapy to ensure personalized management of chronic LBP.
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Appendix A

Table A1l. STROBE Statement—Checklist of Items that Should be Included in Reports of Observa-
tional Studies.

Item

No Recommendation Page
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 2
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background /rationale 2 Explain the scientific background and rationale for the investigation being reported 34
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper 5
. Describe the setting, locations, and relevant dates, including periods of
Setting 5 . . 5-6
recruitment, exposure, follow-up, and data collection
(a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of 5
Participants 6 case ascertainment and control selection. Give the rationale for the choice of cases X
and controls X
Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed X
Case-control study—For matched studies, give matching criteria and the X
number of controls per case
Variables v Cleallrly defm.e all (.)utcom.es, e?<pqsu1jes, pre?dlctors, potential confounders, and effect 67
modifiers. Give diagnostic criteria, if applicable
For each variable of interest, give sources of data and details of methods of
Data . . .
8 assessment (measurement). Describe comparability of assessment methods if 67
sources/measurement .
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 7-8
Study size 10 Explain how the study size was arrived at 7
Quantitative Explain how quantitative variables were handled in the analyses. If applicable,
. 11 . . . X
variables describe which groupings were chosen and why
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Table Al. Cont.

Itl\?:)n Recommendation Page
ig:ﬁ;ﬁ:l 12 (a) Describe all statistical methods, including those used to control for confounding 7
(b) Describe any methods used to examine subgroups and interactions X
(c) Explain how missing data were addressed X
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls 8
was addressed X
Cross-sectional study—If applicable, describe analytical methods taking X
account of sampling strategy
(e) Describe any sensitivity analyses
Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially
Participants 13 eligible, examined for eligibility, confirmed eligible, included in 8
the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage X
(c) Consider use of a flow diagram X
Descriptive data 14 (@) ine Chargcteristics of study participar}ts (eg demographic, clinical, social) X
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 8
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 9
Outcome data 15 Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
Main results 16 their precision (eg, 95% confidence interval). Make clear which 9-10
confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized X
() If relevant, consider translating estimates of relative risk into absolute risk X
for a meaningful time period
Other analyses 17 Rep(.)r.t cher analyses done—eg analyses of subgroups and interactions, and 10-14
sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 15
Limitati Discuss limitations of the study, taking into account sources of potential bias or
imitations 19 . - . L . 11 15
imprecision. Discuss both direction and magnitude of any potential bias
Give a cautious overall interpretation of results considering objectives, limitations,
Interpretation 20 multiplicity of analyses, results from similar studies, and other 15-16
relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 16
Other
information
Fundi Give the source of funding and the role of the funders for the present study
unding 22 . - . . o X
and, if applicable, for the original study on which the present article is based
References

1. Fullen, B.; Morlion, B.; Linton, S.J.; Roomes, D.; van Griensven, J.; Abraham, L.; Beck, C.; Wilhelm, S.; Constantinescu, C.; Perrot, S.
Management of chronic low back pain and the impact on patients’ personal and professional lives: Results from an international
patient survey. Pain Pract. 2022, 22, 463—-477. [CrossRef] [PubMed]

2. Knezevic, N.N,; Candido, K.D.; Vlaeyen, ] W.S.; Van Zundert, J.; Cohen, S.P. Low back pain. Lancet 2021, 398, 78-92. [CrossRef]

3. Véron, O.; Tcherniatinsky, E.; Fayad, F.; Revel, M.; Poiraudeau, S. Chronic low back pain and functional restoring program:
Applicability of the Patient Acceptable Symptom State. Ann. Readapt. Med. Phys. 2008, 51, 642—649. [CrossRef] [PubMed]

4. Rossignol, M.; Rozenberg, S.; Leclerc, A. Epidemiology of low back pain: What’s new? Jt. Bone Spine 2009, 76, 608—613. [CrossRef]

[PubMed]


http://doi.org/10.1111/papr.13103
http://www.ncbi.nlm.nih.gov/pubmed/35156770
http://doi.org/10.1016/S0140-6736(21)00733-9
http://doi.org/10.1016/j.annrmp.2008.08.003
http://www.ncbi.nlm.nih.gov/pubmed/18950888
http://doi.org/10.1016/j.jbspin.2009.07.003
http://www.ncbi.nlm.nih.gov/pubmed/19818666

Int. |. Environ. Res. Public Health 2022, 19, 14669 12 of 13

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

Robert-Bobée, 1. Projections de population pour la France métropolitaine a I'horizon 2050 pour la France métropolitaine méthode
et résultats. Insee Premiere 2006. Available online: https://www.insee.fr/fr/statistiques /1280826 (accessed on 7 August 2022).
Wong, C.K.; Mak, RY.; Kwok, T.S.; Tsang, ].S.; Leung, M.Y.; Funabashi, M.; Macedo, L.G.; Dennett, L.; Wong, A.Y. Prevalence,
Incidence, and Factors Associated With Non-Specific Chronic Low Back Pain in Community-Dwelling Older Adults Aged 60
Years and Older: A Systematic Review and Meta-Analysis. J. Pain. 2022, 23, 509-534. [CrossRef] [PubMed]

Bailly, F.; Trouvin, A.P.; Bercier, S.; Dadoun, S.; Deneuville, ].P.; Faguer, R.; Fassier, ].B.; Koleck, M.L.; Lassalle, L.; Le Vraux, T.;
et al. Clinical guidelines and care pathway for management of low back pain with or without radicular pain. Jt. Bone Spine 2021,
88,105227. [CrossRef]

Anderson, D.B.; Shaheed, C.A. Medications for Treating Low Back Pain in Adults. Evidence for the Use of Paracetamol, Opioids,
Nonsteroidal Anti-inflammatories, Muscle Relaxants, Antibiotics, and Antidepressants: An Overview for Musculoskeletal
Clinicians. J. Orthop. Sport. Phys. Ther. 2022, 52, 425-431. [CrossRef]

Bhala, N.; Emberson, J.; Merhi, A.; Abramson, S.; Arber, N.; Baron, J.A.; Bombardier, C.; Cannon, C.; Farkouh, M.E.; FitzGerald,
G.A,; et al. Vascular and upper gastrointestinal effects of non-steroidal anti-inflammatory drugs: Meta-analyses of individual
participant data from randomised trials. Lancet 2013, 382, 769-779.

Monteiro, C.; Silvestre, S.; Duarte, A.P; Alves, G. Safety of Non-Steroidal Anti-Inflammatory Drugs in the Elderly: An Analysis of
Published Literature and Reports Sent to the Portuguese Pharmacovigilance System. Int. ]. Environ. Res. Public Health 2022, 19, 3541.
[CrossRef]

de Souza, LM.B.; Sakaguchi, T.E; Yuan, S.L.K.; Matsutani, L.A.; do Espirito-Santo, A.S.; Pereira, C.A.B.; Marques, A.P. Prevalence
of low back pain in the elderly population: Systematic review. Clinics 2019, 74, €789. [CrossRef]

Jones, L.D.; Pandit, H.; Lavy, C. Back pain in the elderly: A review. Maturitas 2014, 78, 258-262. [CrossRef] [PubMed]

Kuss, K.; Becker, A.; Quint, S.; Leonhardt, C. Activating therapy modalities in older individuals with chronic non-specific low
back pain: A systematic review. Physiotherapy 2015, 101, 310-318. [CrossRef] [PubMed]

Anaes. Diagnostic, prise en charge et suivi des malades atteints de lombalgie chronique. In Service des Recommandations et
Références Professionnelles; HAS: Paris, France, 2000.

Tefner, LK.; Németh, A.; Laszlofi, A; Kis, T.; Gyetvai, G.; Bender, T. The effect of spa therapy in chronic low back pain: A
randomized controlled, single-blind, follow-up study. Rheumatol. Int. 2012, 32, 3163-3169. [CrossRef] [PubMed]

Karagtille, M.; Karagtille, M.Z. Effectiveness of balneotherapy and spa therapy for the treatment of chronic low back pain: A
review on latest evidence. Clin. Rheumatol. 2015, 34, 207-214. [CrossRef]

Reid, M.C.; Williams, C.S.; Gill, T.M. Back pain and decline in lower extremity physical function among community-dwelling
older persons. J. Gerontol. A Biol. Sci. Med. Sci. 2005, 60, 793-797. [CrossRef] [PubMed]

Hicks, G.E.; Simonsick, E.M.; Harris, T.B.; Newman, A.B.; Weiner, D.K.; Nevitt, M.A.; Tylavsky, F.A. Trunk muscle composition as
a predictor of reduced functional capacity in the health, aging and body composition study: The moderating role of back pain. J.
Gerontol. A Biol. Sci. Med. Sci. 2005, 60, 1420-1424. [CrossRef]

Airaksinen, O.; Brox, ]J.I.; Cedraschi, C.; Hildebrandyt, J.; Klaber-Moffett, J.; Kovacs, E.; Mannion, A.E.; Reis, S.; Staal, J.B.; Ursin, H.;
et al. Chapter 4 European guidelines for the management of chronic non specific low back pain. Eur. Spine J. 2006, 15, s192-s300.
[CrossRef]

Falagas, M.E.; Zarkadoulia, E.; Rafailidis, PI. The therapeutic effect of balneotherapy: Evaluation of the evidence from randomised
controlled trials. Int. ]. Clin. Pract. 2009, 63, 1068-1084. [CrossRef]

Bai, R; Li, C; Xiao, Y.; Sharma, M.; Zhang, F.; Zhao, Y. Effectiveness of spa therapy for patients with chronic low back pain: An
updated systematic review and meta-analysis. Medicine 2019, 98, e17092. [CrossRef]

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences; Elsevier: Amsterdam, The Netherlands, 1977. [CrossRef]

Denis, I.; Fortin, L. Development of a French-Canadian version of the Oswestry Disability Index: Cross-cultural adaptation and
validation. Spine 2012, 37, E439-E444. [CrossRef]

Bareyre, L.; Gay, C.; Coste, N.; Bonnin, A.; Pereira, B.; Coudeyre, E. French validation of the Arthritis Self-Efficacy Scale and
further psychometric properties exploration among 168 people with osteoarthritis. Clin. Rehabil. 2019, 33, 546-556. [CrossRef]
[PubMed]

Chaory, K.; Fayad, F.; Rannou, F,; Lefevre-Colau, M.M.; Fermanian, J.; Revel, M.; Poiraudeau, S. Validation of the French version
of the fear avoidance belief questionnaire. Spine 2004, 29, 908-913. [CrossRef] [PubMed]

Ratain, M.].; Sargent, D.]J. Optimising the design of phase II oncology trials: The importance of randomisation. Eur. J. Cancer 2009,
45,275-280. [CrossRef]

Wong, A.Y.; Karppinen, J.; Samartzis, D. Low back pain in older adults: Risk factors, management options and future directions.
Scoliosis Spinal Disord. 2017, 12, 14. [CrossRef] [PubMed]

Keller, A.; Hayden, J.; Bombardier, C.; van Tulder, M. Effect sizes of non-surgical treatments of non-specific low-back pain. Eur.
Spine J. 2007, 16, 1776-1788. [CrossRef] [PubMed]

Schnebelen-Berthier, C.; Negro, N.; Jaruga, A.; Roques, C.F,; Lecerf, ] M. Long term effect of spa therapy combined with patient
education program on subjects with overweight and obesity—A controlled study. Obes. Res. Clin. Pract. 2019, 13, 492-498.
[CrossRef]

Ghrairi, T.; Chaftar, N.; Jarraud, S.; Berjeaud, ].M.; Hani, K.; Frere, J. Diversity of legionellae strains from Tunisian hot spring
water. Res. Microbiol. 2013, 164, 342-350. [CrossRef]


https://www.insee.fr/fr/statistiques/1280826
http://doi.org/10.1016/j.jpain.2021.07.012
http://www.ncbi.nlm.nih.gov/pubmed/34450274
http://doi.org/10.1016/j.jbspin.2021.105227
http://doi.org/10.2519/jospt.2022.10788
http://doi.org/10.3390/ijerph19063541
http://doi.org/10.6061/clinics/2019/e789
http://doi.org/10.1016/j.maturitas.2014.05.004
http://www.ncbi.nlm.nih.gov/pubmed/24974279
http://doi.org/10.1016/j.physio.2015.04.009
http://www.ncbi.nlm.nih.gov/pubmed/26414346
http://doi.org/10.1007/s00296-011-2145-y
http://www.ncbi.nlm.nih.gov/pubmed/21947373
http://doi.org/10.1007/s10067-014-2845-2
http://doi.org/10.1093/gerona/60.6.793
http://www.ncbi.nlm.nih.gov/pubmed/15983185
http://doi.org/10.1093/gerona/60.11.1420
http://doi.org/10.1007/s00586-006-1072-1
http://doi.org/10.1111/j.1742-1241.2009.02062.x
http://doi.org/10.1097/MD.0000000000017092
http://doi.org/10.1016/C2013-0-10517-X
http://doi.org/10.1097/BRS.0b013e318233eaf9
http://doi.org/10.1177/0269215518809811
http://www.ncbi.nlm.nih.gov/pubmed/30409034
http://doi.org/10.1097/00007632-200404150-00018
http://www.ncbi.nlm.nih.gov/pubmed/15082995
http://doi.org/10.1016/j.ejca.2008.10.029
http://doi.org/10.1186/s13013-017-0121-3
http://www.ncbi.nlm.nih.gov/pubmed/28435906
http://doi.org/10.1007/s00586-007-0379-x
http://www.ncbi.nlm.nih.gov/pubmed/17619914
http://doi.org/10.1016/j.orcp.2019.06.005
http://doi.org/10.1016/j.resmic.2013.01.002

Int. |. Environ. Res. Public Health 2022, 19, 14669 13 of 13

31.

32.
33.

Wongrakpanich, S.; Wongrakpanich, A.; Melhado, K.; Rangaswami, J]. A Comprehensive Review of Non-Steroidal Anti-
Inflammatory Drug Use in The Elderly. Aging Dis. 2018, 9, 143-150. [CrossRef] [PubMed]

McCarberg, B.H. NSAIDs in the older patient: Balancing benefits and harms. Pain Med. 2013, 14 (Suppl. 1), S43-544. [CrossRef]
Gremeaux, V.; Benaim, C.; Poiraudeau, S.; Hérisson, C.; Dupeyron, A.; Coudeyre, E. Evaluation of the benefits of low back pain
patients” education workshops during spa therapy. Jt. Bone Spine 2013, 80, 82-87. [CrossRef]


http://doi.org/10.14336/AD.2017.0306
http://www.ncbi.nlm.nih.gov/pubmed/29392089
http://doi.org/10.1111/pme.12253
http://doi.org/10.1016/j.jbspin.2011.12.014

	Introduction 
	Materials and Methods 
	Endpoints 
	Data Collection 
	Statistical Analysis 
	Legal and Ethical Aspects 

	Results 
	Participants 
	Analysis of Effectiveness of Balneotherapy on Pain 
	Effect of Balneotherapy on ODI, ASES, and FABQ 
	Trajectories of Pain 

	Discussion 
	Conclusions 
	Appendix A
	References

