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Background: Chronic Low Back Pain (CLBP) is a prevalent global health issue, leading to prolonged discomfort and functional 
limitations. Hot spring hydrotherapy, which utilizes mineral-rich, warm spring water, offers a unique physical therapy that holds 
promise in alleviating CLBP symptoms.
Objective: This meta-analysis aims to assess the effectiveness of hot spring hydrotherapy in improving CLBP symptoms, encom-
passing pain intensity, functional disability, quality of life, and medication usage.
Methods: A systematic review and meta-analysis were conducted by searching relevant literature in multiple databases. Included 
studies compared hot spring hydrotherapy with control interventions or other treatments. Standardized mean differences (SMD) with 
95% confidence intervals (CI) were calculated for pain intensity, functional disability, medication usage, and quality of life.
Results: A total of 16 studies met the inclusion criteria, involving 1656 participants with chronic low back pain across various 
countries. The meta-analysis demonstrated that hot spring hydrotherapy was effective in reducing pain intensity (SMD = −0.901, 95% 
CI [−1.777, −0.025], P < 0.05) and improving functional disability (SMD = −3.236, 95% CI [−4.898, −1.575], P < 0.0001) in CLBP 
patients. Hot spring hydrotherapy also resulted in a significant reduction in medication usage (P < 0.05). Subgroup analysis showed 
that the effects of hot spring hydrotherapy were more pronounced in patients aged 60 and above, while no significant differences were 
observed in patients below 60 years of age, single hot Spring Hydrotherapy help improve patients’ quality of life.
Conclusion: Hot spring hydrotherapy is an effective intervention for improving CLBP symptoms, including pain intensity, functional 
disability, and medication usage. It is particularly beneficial for CLBP patients aged 60 and above. These findings support the 
integration of hot spring hydrotherapy into the treatment approach for CLBP, although further research is needed to determine its 
efficacy in younger patients and to explore the underlying mechanisms of its therapeutic effects.
Prospero Id: CRD42023430860.
Keywords: hydrotherapy, visual analog scale, impaired physical function, quality of life

Introduction
Chronic Low Back Pain (CLBP) is a persistent or recurring pain that extends from the lower edge of the rib cage to the 
baseline of the buttocks, with the pain duration being relatively long, and the course of the disease exceeding three 
months. It is a common type of lower back pain.1,2 CLBP patients usually suffer from persistent pain, muscle stiffness, 
joint movement limitations, and functional disorders, which severely affect the quality of life and work capacity.3 

According to the Global Burden of Disease Study, chronic low back pain is one of the diseases that causes the most 
disability worldwide.4 The World Health Organization (WHO) estimates that about 60%-70% of adults worldwide 
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experience low back pain at least once in their lives, and approximately 10% of people may develop chronic low back 
pain.5 Moreover, the recurrence rate of this disease is quite high, with 40%-50% of patients relapsing within a year.6 It 
not only has a profound impact on patients’ health but also puts tremendous pressure on the global healthcare system and 
workforce productivity. Therefore, seeking effective treatment and prevention strategies for chronic low back pain has 
become particularly important.

There are various ways to treat CLBP, aiming to alleviate pain, improve function, and enhance quality of life. 
Clinically, surgical treatment, drug therapy, and physical therapy methods are usually adopted to alleviate the symptoms 
related to CLBP.7 However, surgical treatment of CLBP is often accompanied by surgery-related complications, a long 
postoperative recovery period, and the risk of postoperative recurrence;8 prolonged medication use may lead patients to 
develop drug dependence and resistance, causing the effect of the drugs to gradually weaken. Furthermore, medications 
can typically only relieve pain and do not address the cause of low back pain.9 Therefore, patients may also opt for 
physical therapy to improve and recover from CLBP. This primarily includes methods such as exercise therapy, hot and 
cold compresses, massage, and traction.10

Hot spring hydrotherapy is a form of physical therapy that uses the unique therapeutic properties of natural hot spring 
water, including its mineral content and temperature, for physical and mental recuperation, offering a method of relief 
and recovery. It utilizes the physical properties of the hot spring (temperature, water flow, and buoyancy) to improve 
disease symptoms and promote recovery in CLBP patients.11 It is often used to relieve pain, reduce inflammation, relax 
muscles, increase blood circulation, and promote recovery. By soaking in hot spring water, undergoing hot spring jetting, 
and exercising in hot spring water, hot spring hydrotherapy can provide a unique physical therapy that helps to improve 
symptoms and functional disorders of diseases like chronic lower back pain.12 A large number of studies have shown that 
hot spring hydrotherapy can effectively improve the relevant symptoms of CLBP patients and can play an important role 
in their recovery.13–15 A past meta-analysis also indicated that hot spring hydrotherapy can effectively improve pain, 
relieve patient disability, enhance lumbar function, and increase joint mobility.16

However, there is some controversy regarding the effects of hot spring hydrotherapy on CLBP, including 
differences in the effects of interventions on patients of different age groups,17 whether singular hot spring 
hydrotherapy has a significant effect, and whether it needs to be combined with other treatments for better 
results.18 Whether hydrotherapy can improve functional disorders beyond pain is also in question, so there is 
much uncertainty about the impact of hot spring hydrotherapy on CLBP. This study conducts a systematic review 
and meta-analysis of randomized controlled trials of hot spring hydrotherapy for CLBP by searching through five 
databases, aiming to better evaluate and understand the mechanism of action and therapeutic effects of hot spring 
hydrotherapy on CLBP.

Methods
This systematic review and meta-analysis were conducted following the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) reporting guideline19 and is registering in the International Prospective 
Register of Systematic Reviews (PROSPERO ID: CRD42023430860). Annex 1 contains the PRISMA 2009 checklist 
in PDF format.

Eligibility Criteria
Study Inclusion and Exclusion Criteria
Inclusion Criteria 
The meta-analysis included studies that involved patients with a confirmed diagnosis of chronic low back pain lasting 
more than 12 weeks.

Exclusion Criteria 
Patients with osteoporosis, severe comorbidities, significant physical immobility, and a history of previous spinal surgery 
were excluded from the study to ensure the homogeneity of the participant population.
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Types of Studies 
The meta-analysis included only high-quality randomized controlled trials (RCTs) to provide reliable evidence on the 
effectiveness of hot spring hydrotherapy for chronic low back pain.

Participant Characteristics 
The participants in the included studies were adult individuals (age range not specified) who had been diagnosed with 
chronic low back pain, regardless of gender or other demographic factors.

Intervention and Comparison 
The intervention of interest was hot spring hydrotherapy, which involved immersing patients in natural hot spring water 
as a therapeutic measure for chronic low back pain. The comparison group consisted of individuals who did not receive 
any form of spa intervention.

Outcome Measures 
The outcome measures assessed in the included studies varied and may include pain intensity scores (VAS), functional 
disability assessments (ODI, RMDQ), health-related quality of life measures (SF-36), and medication usage for pain 
management. The specific outcome measures used in each study were extracted and synthesized to evaluate the overall 
effect of hot spring hydrotherapy on chronic low back pain.

Information Sources
In our pursuit to ensure thoroughness in the research, a well-rounded search strategy was adopted, making use of multiple 
databases. The databases were PubMed, the Web of Science Core Collection, EMBASE, the Cochrane Library, and EBSCO 
databases. These sources were chosen due to their comprehensive coverage of scientific literature across diverse research 
fields. The temporal scope of our search was defined from the inception of each database up to October 31, 2022.

To enhance the comprehensiveness of our retrieval strategy, we diligently reviewed the reference lists from previous 
studies. This supplementary step was crucial as it enabled us to unearth valuable studies that might not have been 
captured in our initial database searches. This search strategy ensured that all potentially relevant articles, regardless of 
their year of publication or database of origin, were considered for our research.

Search
The detailed search strategy for the meta-analysis on spa treatment for chronic low back pain involved the following steps:

Subject heading: Based on the PICOS principle, we determined the search terms related to “Low Back Pain”, 
“Chronic Pain” and “Hydrotherapy”. “Balneology”, “Hot Springs”, These terms were selected to ensure comprehensive 
retrieval of relevant studies. Table 1 provides a list of the finalized search terms.

Search Strategy for Each Database: The search strategy was customized for each database to maximize the retrieval of 
relevant literature. The databases searched included PubMed, Embase, Web of Science, EBSCO, and Cochrane Library. 
The specific search strategies for each database are outlined in Annex 2, providing the detailed syntax and combination of 
search terms used for each database.

To ensure a comprehensive search, no restrictions were applied regarding the control group, outcome indicators, or 
literature type. This approach aimed to retrieve as many relevant studies as possible. The search strategies employed 
aimed to capture all relevant literature available in the selected databases.

Study Selection
Initial Screening
KWX and HX independently screened the titles and abstracts of all the identified studies from the search. This initial 
screening was done to eliminate studies that were clearly irrelevant, based on the eligibility criteria. Any study that either 
reviewer believed could potentially meet the inclusion criteria was retained for full-text review.
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Full-Text Review
Both reviewers independently reviewed the full text of the remaining studies to assess their eligibility for inclusion. This 
detailed review was done to determine whether the studies met all the inclusion criteria and none of the exclusion criteria. 
The reviewers recorded their decisions and the reasons for exclusion of ineligible studies.

Any disagreements between the two reviewers, either at the initial screening stage or the full-text review stage, were 
resolved by discussion and consensus. If a consensus could not be reached, the disputed item was arbitrated by a third 
reviewer, SKZ, who made the final decision.

This method of involving two independent reviewers and using a third reviewer for arbitration reduces the potential 
for bias and error in the study selection process. It also increases the reliability of the systematic review and meta- 
analysis. The entire process was conducted following the guidelines of the PRISMA statement.

Data Collection Process
The data extraction process was carried out by two independent reviewers, kW and HX, who divided the selected studies 
between them. Each reviewer was responsible for extracting relevant data from their assigned studies.

The following information was extracted from each study:

Study Characteristics
This included details such as authors, year of publication, country where the study was conducted, study design 
(randomized controlled trial, observational study, etc.), and the sample size.

Participant Characteristics
Number, age, gender, diagnosis, severity of low back pain.

Intervention Details
Here, we gathered information on the spa therapy used, including the description of the therapy, its duration, frequency, 
any comparison treatments used, and the setting in which the therapy was provided.

Outcome Measures
Measures of pain relief using the Visual Analog Scale (VAS), disability using the Oswestry Disability Index (ODI) and 
the Roland-Morris Disability Questionnaire (RMDQ), quality of life, and analgesic dosage. For each measure, the 
timepoints of measurement and the results, including measures of effect and measures of uncertainty (confidence 
intervals), were recorded.

Results
Data for each outcome measure, including measures of effect and measures of uncertainty (confidence intervals).

Table 1 Search Terms for Hot Spring Hydrotherapy in the Treatment of Chronic Low Back Pain

Subject 
Heading

Search Term

Low Back Pain 

Chronic Pain

Back Pain, Low; Back Pains, Low; Low Back Pains; Pain, Low Back; Pains, Low Back; Lumbago; Lower Back Pain; Back Pain, 

Lower; Back Pains, Lower; Lower Back Pains; Pain, Lower Back; Pains, Lower Back; Low Back Ache; Ache, Low Back; Aches, 

Low Back; Back Ache, Low; Back Aches, Low; Low Back Aches; Low Backache; Backache, Low; Backaches, Low; Low 
Backaches; Low Back Pain, Postural; Postural Low Back Pain; Low Back Pain, Posterior; Compartment; Low Back Pain, 

Recurrent; Recurrent Low Back Pain; Low Back Pain, Mechanical; Mechanical Low Back Pain; Chronic Pain; Chronic Pains; Pains, 

Chronic; Pain, Chronic; Widespread Chronic Pain; Chronic Pain, Widespread; Chronic Pains, Widespread; Pain, Widespread 
Chronic; Pains, Widespread Chronic; Widespread Chronic Pains

Hydrotherapy 

Balneology 
Hot Springs

Whirlpool Baths; Bath, Whirlpool; Baths, Whirlpool; Whirlpool Bath; Watsu Therapy; Therapy, Watsu; Water Shiatsu; Shiatsu, 

Water; WaterShiatsu; Balneology; Balneotherapy; Hot Springs; Hot Spring; Spring, Hot; Springs, Hot; Warm Springs; Spring, 
Warm; Springs, Warm; Warm Spring; Geothermal Springs; Geothermal Spring; Spring, Geothermal; Springs, Geotherma
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A standardized data extraction form was used to ensure consistency in data collection. The form was pilot-tested on 
a small number of studies and refined as necessary before being used for full data extraction.

Any disagreements between the two reviewers during the data extraction process were resolved through discussion 
and consensus. If consensus could not be reached, a third expert, SKZ, was consulted to resolve the dispute.

These data items were selected for extraction as they provide comprehensive and necessary information to fulfill the 
objectives of our systematic review and meta-analysis.

This systematic and thorough data extraction process was designed to capture all relevant data from the included 
studies, minimizing the potential for bias and errors, and ensuring the reliability and validity of the systematic review and 
meta-analysis.

Risk of Bias in Individual Studies
The risk of bias for each study was systematically assessed using the Risk of Bias 2.0 (ROB 2.0) tool20 

developed by the Cochrane Collaboration. This instrument addresses five domains: Randomization process, 
deviations from intended interventions, missing outcome data, Measurement of the outcome, selection of reported 
results.

Each study was independently evaluated by two reviewers (KWX and HX), with each domain classified as “Low”, 
“High”, or “Unclear” risk. Discrepancies were resolved through discussion, and if consensus was not achieved, 
adjudication involved a third reviewer (WSZ). This rigorous bias assessment strategy ensured the reliability of the 
findings from our systematic review and meta-analysis.

Summary Measures
Primary outcome measures in our systematic review and meta-analysis were the Visual Analog Scale (VAS) for pain 
relief, the Oswestry Disability Index (ODI), and the Roland-Morris Disability Questionnaire (RMDQ) for disability 
evaluation. We also included quality of life and analgesic dosage as secondary outcome measures.

To aggregate the data from the studies, we used mean values and standard deviations (SD) for both primary and 
secondary outcomes. In instances where studies reported median values and range or interquartile ranges, we employed 
established statistical methods to calculate the corresponding mean values and standard deviations.

Such standardization of summary measures ensured a consistent approach in our quantitative synthesis, thus 
facilitating an accurate assessment of the overall effects of spa therapy on low back pain.

Synthesis of Results
For the synthesis of outcomes, both fixed-effects and random-effects models were implemented based on the I² statistic; 
a fixed-effects model was used when I² was less than 50%, denoting low heterogeneity, and a random-effects model was 
applied when I² was 50% or greater, signaling moderate to high heterogeneity. In this meta-analysis, the effect sizes were 
calculated using the Standardized Mean Difference (SMD) when the units of measurement were inconsistent across the 
included studies. When the units of measurement were consistent among the studies, the Weighted Mean Difference 
(WMD) was used to calculate the pooled effect sizes.

In the handling of missing data, a systematic approach was adopted. Initially, GetData software was utilized to 
retrieve data from figures.21 If data remained to get, correspondence with the respective authors was pursued. In the event 
of non-obtainability of data, the particular study was excluded from the meta-analysis to uphold the stringent standards of 
our research.

We use the sensitivity analysis was conducted to ascertain the robustness of our findings. Individual studies were 
sequentially omitted from the pooled analysis to assess the influence of each on the overall effect size. This approach 
facilitated the identification of any studies disproportionately influencing the collective results.
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Results
Literature Search results
This study conducted a literature search following the PRISMA guidelines. The flowchart in Figure 1 illustrates the 
search strategy and screening process.

Five databases, including PubMed, Web of Science, EMBASE, Cochrane Library, and EBSCO, were searched in the 
preliminary phase, resulting in a total of 535 documents. After deduplicating the database records, the retained literature 
underwent a detailed assessment during the full-text review. Additionally, the reference lists of included studies were 
checked, and a manual search was performed. Following the initial screening and subsequent re-screening, a total of 16 
research papers were ultimately included in the analysis.

Literature Characteristics
In this meta-analysis, 16 studies were included, involving 1656 participants with chronic low back pain across various 
countries. These studies had diverse sample sizes and age ranges, representing a wide range of populations. The 

Figure 1 Document retrieval flow chart.
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treatment and control groups utilized different intervention methods. The treatment group received hot spring therapy, 
either alone or in combination with other interventions, while the control group mainly underwent traditional or physical 
therapy. The timing, frequency, and duration of interventions varied among the studies.

The studies assessed multiple endpoints, including pain intensity (Visual Analog Scale), functional impairment 
(Oswestry Disability Index and Roland-Morris Disability Questionnaire), quality of life (Short Form 36 questionnaire), 
medication usage, daily activities, and pain-related fear avoidance beliefs (Fear-Avoidance Beliefs Questionnaire).For 
more detailed information on the study characteristics, please consult Table 2.

Quality Evaluation
This meta-analysis on 16 studies indicates a low overall bias risk. However, deviations from interventions, missing data, 
outcome measurements, and selection of reported results raise concerns. The randomized process risk was low in 88.2% 
of the studies. High-risk biases were identified: deviations from interventions (35.3%), missing data (64.7%), outcome 
measurements (17.6%), and reported results (47.1%). Overall, 41.2% of studies had a high bias risk. These findings 
emphasize careful scrutiny of potential biases when interpreting meta-analysis results. The risk of bias maps, depicted in 
Figure 2 (Literature Risk of Bias Map) and Figure 3 (Literature Risk of Bias Summary Map), provide visual aids that 
illustrate the distribution and summary of bias risks across the literature.

Meta-Analysis Results
Impact of Hot Spring Therapy on Pain Perception in Patients with Chronic Low Back Pain
In our meta-analysis examining the efficacy of hot spring hydrotherapy on pain in patients suffering from chronic low 
back pain, we analyzed a total of 21 studies comparing the intervention and control groups. Utilizing the Visual Analog 
Scale (VAS) as a measurement tool for pain intensity, we observed a significant reduction in reported pain for the 
intervention group, as evidenced by the SMD=−0.901 (95% CI [−1.777, −0.025], P=0.044). This outcome indicates 
a favorable response to hot spring hydrotherapy, denoting an improvement in pain scores. Nevertheless, a high level of 
heterogeneity was detected among the studies (I²=98.20%), suggesting varying outcomes across the analyzed studies 
(Figure 4, Pain Index Combined Effect Size Forest Plot).

In our meta-analysis evaluating the impact of hot spring hydrotherapy on chronic low back pain, a subgroup analysis 
was conducted to further interpret observed heterogeneity. Considering age-based subgroups, older participants (≥60 
years) showed a more substantial response to the therapy with a high degree of heterogeneity. Intervention types, both 
combination therapy and single hot spring hydrotherapy, demonstrated effectiveness, again with high heterogeneity.

From the perspective of regional subgroup analysis, the heterogeneity was particularly notable Studies conducted in 
Turkey showed extreme heterogeneity, while those from Italy and Hungary presented moderate to high levels of 
heterogeneity.

The high heterogeneity observed across different subgroups highlights the diverse therapeutic outcomes of hot spring 
hydrotherapy in varying contexts (Annex 3). Given these findings, future research should delve deeper into the specific 
factors leading to the substantial heterogeneity observed, enhancing our understanding and utilization of hot spring 
hydrotherapy in various contexts and demographics.

Hot Spring Therapy and Its Role in Modulating Dysfunction Severity in Patients with Chronic Low Back Pain
The functional impairment severity, as assessed by the Oswestry Disability Index (ODI) and Roland Morris Disability 
Questionnaire (RMDQ), was evaluated in a total of nine randomized controlled trials to examine the combined effect size 
of hot spring hydrotherapy on dysfunction severity in patients with chronic low back pain. The analysis revealed 
a significant and substantial effect, the SMD= −3.236 (95% CI [−4.898, −1.575], P<0.0001). This substantial SMD 
suggests a notable reduction in dysfunction severity among patients undergoing hot spring hydrotherapy. Nonetheless, it 
is crucial to acknowledge the high heterogeneity observed among the included studies (I²=98.4%), indicating potential 
variations in therapeutic outcomes (Figure 5 Modulating Dysfunction index combined effect size result forest plot).

By subgroup analysis it was found that among patients aged 60 years and above, hot spring hydrotherapy significantly 
reduced dysfunction severity. Both combination therapy and single hot spring hydrotherapy demonstrated significant 
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Table 2 Feature List of Included Documents

Index Author (Year) Country Treatment Group Control Group Endpoint

Sample Size Age Intervention Format  
(Duration × Frequency × Period)

Sample Size Age Intervention 
Format(Male/Female) (Years) (Male/Female) (Years)

1 Şule Şahin Onat et al (2014)22 Turkey 37(10/27) 67.43±6.20 Hydrotherapy (20 min) + Physical therapy (45 min) × 5 
times/week × 3 weeks

44(7/37) 66.81±9.77 Physical therapy ①②

2 Reha Demirel(2008)23 Turkey 23(9/14) NR Hydrotherapy + Physical therapy: 20–25 minutes × 5 
times/week × 3 weeks

21(8/13) NR Physical therapy ①②④

3 Angioni et al (2019)24 Italy 18(NR) 64.5±11.4 Hydrotherapy: 45–60minutes × 6 times/week × 2 weeks 20(7/13) 63.3±6.9 Daily activities ①③④

4 Vincent (2013)25 France 154 (38/126) 59.7±6.8 Alternate experiment: 45 minutes × 5 times/week × 3 
weeks

112 (29/83) 55.3±9.0 Alternate 
experiment

FABQ, 
QBPDS

5 Balogh et al (2005)26 Hungary 30 (10/20) 52.6 Hydrotherapy: 30 minutes × 5 times/week × 3 weeks 30 (8/22) 52.1 Tap water 
Hydrotherapy

①⑤

6 Dilekci et al (2020)17 Turkey 133(52/81) 68.6±7.3 Hydrotherapy (20 min) + Physical therapy (60 min) × 5 
times/week × 3 weeks

129(46/83) 67.5±6.4 Physical therapy ①③

7 Gati et al (2018)27 Hungary 52(30/22) 62.94±9.3 Hydrotherapy: 20 minutes × 5 times/week × 3 weeks 53(28/25) 60.49±11.81 Traditional 
therapy

①②

8 Guillemin et al (1994)28 France 52(18/34) 58.8±16.59 Hydrotherapy: 18 minutes × 6 times/week × 3 weeks 52(23/29) 57.7±16.59 Traditional 
therapy

①

9 Kesiktas et al (2012)29 Turkey 30(17/13) 58.43 ± 7.92 Hydrotherapy+ Physical therapy:30 minutes×10times 30(14/16) 60.12± 9.83 Physical therapy ①②

10 Kulisch et al (2009)30 Hungary 36 (23/13) 57.6±7.9 Hydrotherapy: 20 minutes × 7 times/week × 3 weeks 35 (23/12) 56.3±7.5 Tap water 
Hydrotherapy

①②④

11 Leibetseder et al (2007)31 Austria 22 (8/14) 57.4±4.7 Hydrotherapy: 2–4 times/day × 6 days/week × 3 weeks 22 (8/14) 59.0±4.9 Aerobic exercise ①

12 Nemčić et al (2013)32 Croatia 36(18/18) 41.61±8.24 Water-based exercise: 45 minutes × 5 times/week × 3 
weeks

36(18/18) 49.61±7.98 Land-based 
activities

①

13 Ozkuk and Dilekci (2019)33 Turkey 139 (49/90) 70.59±5.71 Hydrotherapy + Physical therapy: 20 minutes × 5 times/ 
week × 3 weeks

105 (30/75) 72.96±4.61 Physical therapy ①

14 Tefner et al (2012)34 Hungary 30 63.57±8.6 Hydrotherapy: 30 minutes × 5 times/week × 3 weeks 27 64.33±6.6 Tap water 
Hydrotherapy

①②④⑤

15 Konrad(1992)35 Hungary 35 42 (8.8) Hydrotherapy: 15 minutes × 3 times/week × 4 weeks 53 41 (8.6) Daily activities ①⑤

16 Murat Dogan(2011)36 Turkey 35 NR Hydrotherapy + Physical therapy: 20 minutes × 5 times/ 
week × 3 weeks

25 NR Physical therapy ①

Notes: ①, VAS: Visual Analog Scale (VAS): A numerical rating system used to assess pain intensity by having patients mark a point on a line indicating their perceived pain level; ②, ODI: Oswestry Disability Index (ODI): A questionnaire 
that measures functional impairment and disability related to low back pain by evaluating various aspects of daily life and activities ③, RMDQ: Roland-Morris Disability Questionnaire (RMDQ): A questionnaire that assesses functional 
disability caused by low back pain through statements about the impact of pain on specific activities; ④ quality of life: Short Form 36 (SF-36) questionnaire: A widely used questionnaire that measures health-related quality of life by 
evaluating physical and mental health aspects.;⑤ drug dosage: Medication usage for pain management: An assessment of the amount of medication used to manage pain associated with chronic low back pain.
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effects. However, in patients below 60 years, the therapy did not show a significant effect on dysfunction severity. In 
terms of intervention type, both combination therapy and single hot spring hydrotherapy yielded significant reductions in 
dysfunction severity.

In terms of regional subgroups, Studies conducted in Turkey exhibited high heterogeneity in dysfunction severity 
outcomes. In contrast, studies from Hungary and Italy showed low heterogeneity (Annex 3). These regional variations in 

Figure 3 Literature Risk of Bias Summary Map.

Figure 2 Risk of bias map.
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heterogeneity suggest that the effectiveness of hot spring hydrotherapy in reducing dysfunction severity may be 
influenced by geographic factors or differences in study design and patient characteristics. Further research is needed 
to better understand the underlying reasons for these regional discrepancies and to determine how they may impact the 
therapeutic outcomes of hot spring hydrotherapy for chronic low back pain.

These subgroup analyses suggest that hot spring hydrotherapy can effectively reduce dysfunction severity in patients 
with chronic low back pain, particularly in older patients, and when using either combination therapy or single hot spring 
hydrotherapy. However, further research is needed to explore the variability observed in the subgroups based on age and 
country.

Exploring the Effect of Hot Spring Therapy on the Quality of Life in Individuals Suffering from Chronic Low 
Back Pain
In our meta-analysis, comprising 11 studies that compared the intervention and control groups, we examined the 
combined effect size of hot spring hydrotherapy on Quality of Life outcomes in patients with chronic low back pain 
(CLBP). The analysis revealed a small effect size, with a SMD=0.104 (95% CI [−0.397,0.606], P=0.683). Significantly, 
there was a notable level of heterogeneity among the studies (I²=86.30%). Our findings indicate that hot spring 
hydrotherapy may not yield significant improvements in Quality of Life for CLBP patients when compared to the 
control groups. Further research is needed to identify the sources of heterogeneity and gain deeper insights into the 
impact of hot spring therapy on the Quality of Life of patients with CLBP (Figure 6 The forest plot of the combined 
effect size results of quality of life indicators).

Figure 4 Forest plot of combined effect size of pain indicators.
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Figure 5 Modulating Dysfunction index combined effect size result forest plot.

Figure 6 The forest plot of the combined effect size results of quality of life indicators.
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Among different age subgroups, patients aged 60 years and above demonstrated a potential positive effect on Quality 
of Life, while the subgroup with patients in other age groups did not show a statistically significant effect. In terms of 
intervention types, combination therapy showed a potential negative effect, whereas single hot spring hydrotherapy 
indicated a potential positive effect on Quality of Life (Annex 3).

These findings suggest that the impact of hot spring hydrotherapy on Quality of Life outcomes in CLBP patients is 
influenced by factors such as age, intervention type, and country. However, further research is needed to understand the 
underlying reasons for these variations and to establish more robust conclusions regarding the effectiveness of hot spring 
hydrotherapy on Quality of Life in patients with chronic low back pain.

The Impact of Hot Spring Hydrotherapy on Drug Dosage in Patients with Chronic Low Back Pain
The impact of hot spring hydrotherapy on drug dosage was examined in our meta-analysis, which included six studies 
comparing the intervention and control groups. The analysis revealed a significant effect, with a negative Standardized 
Mean Difference of −0.471 (95% CI[−0.922, −0.020], P=0.041). This indicates that hot spring hydrotherapy is associated 
with a reduction in drug dosage among patients with chronic low back pain. However, a moderate level of heterogeneity 
was observed among the included studies (I²=70.70%). Further research is warranted to explore the sources of hetero-
geneity and gain a better understanding of the specific factors influencing the effect of hot spring hydrotherapy on drug 
dosage in patients with chronic low back pain (Figure 7 Forest plot of combined effect size results of drug dosage 
indicators).

In our meta-analysis examining the impact of hot spring hydrotherapy on chronic low back pain, a subgroup analysis 
was conducted to gain further insights into the observed heterogeneity. Regarding age-based subgroups, older partici-
pants (≥60 years) showed a notable response to the therapy, despite a low number of studies available. The efficacy in the 
subgroup of patients below 60 years varied, with a negative effect size indicating a reduction in drug dosage, albeit with 
moderate heterogeneity. When considering the intervention types, both combination therapy and single hot spring 
hydrotherapy demonstrated effectiveness in reducing drug dosage, with moderate to high levels of heterogeneity.

Figure 7 Forest plot of combined effect size results of drug dosage indicators.
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From a regional perspective, the heterogeneity was particularly evident. Studies conducted in Hungary revealed 
a negative effect size, indicating a reduction in drug dosage with moderate heterogeneity. Conversely, the single study 
from Turkey showed a different pattern, with a non-significant effect size and no heterogeneity observed (Annex 3).

The high heterogeneity observed across the age and intervention type subgroups, as well as the regional differences, 
underscores the diverse therapeutic outcomes of hot spring hydrotherapy in different contexts. Future research should 
focus on identifying the specific factors contributing to the observed heterogeneity, thereby enhancing our understanding 
and utilization of hot spring hydrotherapy in various demographic and regional settings.

Publication Bias Analysis
Publication bias analysis was conducted for the VAS index and quality of life index. Due to the limited number of studies 
(less than 10) on functional impairment and drug dosage, no publication bias analysis was performed for these variables.

The Egger’s test was conducted to assess publication bias across the examined variables. The results showed no 
significant evidence of publication bias for the variables analyzed, which included VAS slope (coef. −1.01174, t=−0.71, 
P=0.488), VAS bias (coef. 0.4210571, t=0.08, P=0.938), Quality of Life slope (coef. −2.607475, t=−1.29, P=0.231), and 
Quality of Life bias (coef. 8.534173, t=1.31, P=0.221). These findings indicate that the included studies demonstrate no 
notable bias in reporting the effects of hot spring hydrotherapy on the examined variables (Figure 8. Publication bias plot 
of hydrotherapy for chronic low back pain).

Sensitivity Analysis
In order to assess the robustness of our systematic review and meta-analysis investigating the effectiveness of hot spring 
hydrotherapy on pain and functionality in patients with chronic low back pain, we conducted four sensitivity analyses. 
These analyses involved the inclusion/exclusion of specific studies and evaluated the impact on the overall effect sizes 
and conclusions of our findings. The results indicated that the inclusion or exclusion of individual studies did not 
substantially alter the overall results, providing confidence in the robustness of our findings. For a visual representation of 
the sensitivity analyses, please refer to Figure 9, which illustrates the sensitivity analysis chart depicting the effect of spa 
treatment on chronic low back pain.

Discussion
Patients with Chronic Lower Back Pain are accompanied by various uncomfortable symptoms. Past research has 
confirmed that aquatic activities can effectively improve the related symptoms in CLBP patients, but there remains 

Figure 8 (A) Publication Bias Analysis graph of pain index in CLBP patients. (B) Publication Bias Analysis graph of quality of life in CLBP patients.
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a great deal of uncertainty about the effectiveness of hot spring hydrotherapy in improving CLBP.37 Through the meta- 
analysis of the included literature in this study, it was found that compared with the control group, symptoms of chronic 
lower back pain and functional disorders in patients over 60 years old, as well as the reduction in the use of analgesics, 
were significantly improved (P < 0.05). However, no significant difference was found for the population over 60 years 
old (P≥0.05). Compared with combining hot spring hydrotherapy with other interventions, the single treatment method of 
hot spring hydrotherapy has a better improvement effect on functional disorders and can effectively improve the quality 
of life of CLBP patients. Currently, the therapeutic effect of hot spring hydrotherapy on CLBP patients over 60 years old 
remains uncertain.

The Impact of Hot Spring Hydrotherapy on Pain in Patients with Chronic Lower Back 
Pain
The Visual Analogue Scale (VAS) is a commonly used pain assessment tool primarily employed for evaluating the 
degree of pain in patients with chronic lower back pain. It involves patients self-assessing their pain intensity, usually on 
a continuous range from no pain (0 points) to extreme pain (10 points). Numerous studies have confirmed that VAS 
scores can effectively reflect pain intensity and response to treatment, and closely correlate with indicators such as quality 
of life, functional disorders, and psychological conditions in patients with chronic lower back pain.38 According to the 
“Guidelines for the Assessment and Treatment of Chronic Pain (2012)”, the ideal state for VAS scoring is as close to 0 
points as possible to reflect the minimum sensation of pain and the best quality of life.39

Figure 9 (A) Sensitivity analysis of pain indicators. (B) Sensitivity analysis of functional impairment indicators. (C) Sensitivity analysis of quality of life indicators. (D) 
Sensitivity analysis of drug dosage indicators.
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The results of this meta-analysis show that hot spring hydrotherapy can effectively improve the VAS indicators of 
CLBP patients. This might be related to the higher baseline level of VAS among the subjects in this study. This differs 
from a recent study by Maccarone (2023), which, through balneotherapy rehabilitation of 160 patients with degenerative 
or postoperative musculoskeletal diseases, found that compared to other hydrotherapies, balneotherapy demonstrated 
limited effectiveness in relieving various forms of pain, Moreover, it exhibited a relatively weak correlation with regard 
to the reduction of scores across various parameters.40 This study aligns with the findings of a previous meta-analysis, 
Ruixue (2019) found in a meta-analysis study that included 12 papers that after hot spring hydrotherapy, VAS indicators 
were significantly reduced, MD=16.07, 95% CI [9.57, 22.57].41 At the same time, Bai (2019) also proved through 
a meta-study that hot spring hydrotherapy significantly improved the pain of CLBP patients with degenerative joint 
diseases and spinal diseases during loading and rest, with SMD=−0.747 (P<0.05) for pain indicators during loading and 
SMD=−0.783 (P<0.05) for pain indicators during rest.16 Moreover, in the subgroup analysis of this study, it was found 
that compared with the control group, the impact of hot spring hydrotherapy on pain is more significant in elderly CLBP 
patients (age≥60), while for CLBP patients with age<60, its SMD=−0.561 (P=0.885, not significant).

The phenomenon that hot spring hydrotherapy can improve the pain symptoms of CLBP patients may involve multiple 
mechanisms. One potential mechanism could be the thermal effect of the hot springs. Under higher temperatures (generally 
33–37 degrees Celsius), the heat can trigger a response in the skin’s thermoreceptors.42 These thermoreceptors then relay 
information to the central nervous system, which initiates physiological responses such as vasodilation, muscle relaxation, 
and pain reduction. It can also increase blood circulation, alleviate muscle fatigue, improve body balance, and promote the 
body’s natural healing process.43 Additionally, minerals in the hot spring water (such as sulfur, magnesium, calcium) are 
absorbed through the skin and may have antioxidant effects on the body, resulting in anti-inflammatory and analgesic 
effects.29 Balneotherapy has multiple positive effects on musculoskeletal disorders, including pain relief, reduced inflamma-
tion, improved mobility, suppression of matrix-degrading enzymes, and the expression of oxidative stress markers. Different 
types of balneotherapy positively impact these effects. It can reduce various systemic pro-inflammatory mediators such as 
prostaglandin E2, leukotriene B4, and interleukin-1β, which play a role in inflammation and cartilage degradation in 
rheumatic diseases. Additionally, balneotherapy helps in regulating the balance between oxidants and antioxidants, lowering 
oxidative stress levels. It reduces serum/plasma levels of malondialdehyde, increases total antioxidant capacity, and has 
a beneficial impact on patients with rheumatoid arthritis, fibromyalgia, and osteoarthritis.44 Treatment with hydrogen sulfide 
(H2S) donors exhibits anti-inflammatory and antioxidant properties in an animal cell culture model of osteoarthritis. This 
therapy restricts the activation of the MAPK/ERK and NF-kB pathways and reduces the production of osteoarthritis-related 
factors, including IL-6, IL-8, NO, PGE2, and MMP-13. This indicates that balneotherapy can reduce the levels of 
inflammatory mediators in joint tissues while simultaneously increasing cortisol concentration, enhancing monocyte 
chemotaxis to damaged tissues, and promoting an anti-inflammatory phenotype.45 At the same time, the buoyancy generated 
during hot spring hydrotherapy can relieve the gravitational burden on the spine and joints. This makes it easier for patients to 
perform flexibility and strength training in the water. It also helps to improve body posture and reduce back pain, which 
contributes to the alleviation of pain symptoms in CLBP patients.46

The fact that hot spring therapy can significantly improve pain in CLBP patients aged 60 and over, while there is no 
significant difference for those under 60, may be due to various physiological changes in the body as it ages. These changes 
include degenerative joint disease, degenerative spine disease,47 and other chronic diseases (such as hypertension, diabetes, 
heart disease, etc.). These diseases, which may affect pain perception, are more common in older adults.48 These conditions 
can cause chronic lower back pain, and hot spring hydrotherapy has been proven to alleviate these symptoms, thus improving 
pain symptoms.49 At the same time, older adults tend to have a more pronounced perception and threshold for pain. This 
could result in older adults having a stronger perception of the pain-relieving effects produced by hot spring hydrotherapy.50 

Furthermore, due to age-related changes in metabolism and endocrine function, the body’s hormone levels may change, 
causing older adults to have a stronger response to the minerals and other beneficial ingredients in hot spring hydrotherapy.51
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Impact of Hot Spring Hydrotherapy on Functional Disability in Patients with Chronic 
Low Back Pain
The Oswestry Disability Index (ODI) and Roland-Morris Disability Questionnaire (RMDQ) are crucial tools for 
assessing functional disability resulting from chronic low back pain (CLBP).52 These instruments quantify the impact 
of CLBP on everyday life, measuring the effect of pain on patients’ quality of life and functional capabilities. They 
primarily focus on how CLBP affects patients’ daily activities, including walking, sleeping, personal care, social 
activities, and work. The ODI comprises ten items, and the RMDQ contains 24 questions. A higher score assessed on 
these scales indicates a more severe functional disability. Both the ODI and RMDQ have been widely used in clinical 
research and practice, proving their reliability and validity in evaluating functional disability in CLBP patients.

The results of the present study indicate that hot spring hydrotherapy can effectively alleviate functional disability 
symptoms in patients with CLBP. This suggests that hot spring hydrotherapy can effectively improve functional disability 
in CLBP patients. These findings are consistent with the outcomes of some previous studies on aquatic exercises. Zhang 
(2018) reported in a meta-analysis of 11 articles that physical activities in water could significantly enhance physical 
functional activity in CLBP patients, with an SMD of 0.63 (95% CI [0.17, 1.09], P < 0.05).53 Zhang (2021) stated in 
a meta-analysis that activities in water could effectively improve functional disability symptoms in CLBP patients (ODI) 
(SMD = −2.07, 95% CI: [−3.19, −0.96], P < 0.00001).54 However, our subgroup analysis revealed a similar result to the 
combined effect size for pain indices. Compared with the control group, hot spring hydrotherapy can effectively reduce 
the functional disability index in older CLBP patients (SMD=−1.515, 95% CI [−2.163, −0.867], P < 0.001), with no 
significant improvement observed in patients aged under 60.

There are multiple factors contributing to the improvement of functional disability in CLBP patients through hot 
spring hydrotherapy. One factor may be the stimulation of the nervous system by hot spring hydrotherapy. The 
temperature and pressure stimulation of hot spring hydrotherapy can impact the sensory nerve endings in the skin, and 
this information is transmitted to the spinal cord and brain. In the brain, this information is processed and interpreted.55 

Subsequently, motor commands are sent through descending neural pathways, leading to improved coordination of body 
movements, enhanced precision, and fluency of actions, thus improving functional impairments.56 Furthermore, hot 
spring hydrotherapy can improve muscle function and joint mobility through the temperature and buoyancy of the water. 
It helps reduce muscle pain and stiffness and increases the range of joint motion, thereby achieving improvements in 
functional disability symptoms. When engaging in activities in the water, the human body requires a greater sense of 
body awareness and balance to control movements. This type of training may contribute to improving body awareness 
and balance, further enhancing motor coordination, and ultimately improving functional disability in CLBP patients.57

Hot spring hydrotherapy has been shown to effectively improve functional disability in elderly CLBP patients, while 
there is no significant effect observed in CLBP patients below the age of 60. The reasons behind this phenomenon may 
lie in the physiological differences between patients aged 60 and above and those below 60. Elderly individuals typically 
experience age-related changes, including degenerative changes in muscles, bones, and joints.58 Hot spring hydrotherapy 
can partially alleviate these symptoms, leading to an improvement in functional disability among elderly CLBP patients. 
Additionally, older individuals often experience a decline in muscle mass and function, decreased bone density, and an 
increased prevalence of joint diseases. These factors may make older individuals more sensitive to treatment methods, 
particularly those related to muscles, bones, and joints.59 Hot spring hydrotherapy helps improve muscle strength, joint 
mobility, and pain perception in the elderly. However, for younger CLBP patients (age < 60), who may have more stable 
physiological conditions, CLBP may be more related to other factors such as posture and activity patterns. Therefore, the 
effects of hot spring hydrotherapy may not be as pronounced for this age group. Furthermore, hot spring hydrotherapy 
effectively promotes joint lubrication, leading to more significant improvements in functional disability. It is possible that 
CLBP patients below the age of 60 are influenced by other factors, which may result in less noticeable effects of hot 
spring hydrotherapy for them.60
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The Impact of Hot Spring Hydrotherapy on the Quality of Life and Medication Dosage 
in Patients with Chronic Low Back Pain
Meta-analysis findings suggest that single-session hot spring hydrotherapy can contribute to the improvement of the 
quality of life in patients with chronic low back pain. The SF-36 scale is widely used as a tool for evaluating the quality 
of life.61 Therefore, it can be observed that in this study, single-session hot spring hydrotherapy effectively improves the 
quality of life in CLBP patients. This improvement can be attributed to the alleviation of pain and discomfort, leading to 
reduced stress and anxiety levels, thereby positively influencing psychological well-being and emotional state.62 

However, it is worth noting that potential biases may arise due to differences in sample size, study design, follow-up 
duration, and study quality among the included studies. Additionally, the heterogeneity of the CLBP patients included in 
the study, such as age, gender, severity of the disease, and duration, may influence the treatment outcomes, resulting in 
differences in the effectiveness of various hot spring hydrotherapy interventions. Consistent with the pain outcomes, 
CLBP patients aged 60 and above experienced pain relief, which consequently led to a reduction in the dosage of pain 
medication.

Tognolo (2022) conducted a comprehensive review of 14 studies on balneotherapy, clearly indicating its positive 
impact on patients with conditions such as osteoarthritis and fibromyalgia. This impact includes pain relief, enhanced 
functionality, and improved quality of life. The combination of balneotherapy with rehabilitation interventions effectively 
improves various indicators in patients with rheumatic diseases. These effects are likely the result of the combined 
mechanical, thermal, and chemical actions of different balneotherapy approaches. Immersion in thermal waters helps 
alleviate the burden on degenerative and/or inflammatory joints. Furthermore, temperature stimulation may trigger the 
release of cortisol, adrenocorticotropic hormone, prolactin, and β-endorphins, providing significant analgesic and 
immune-suppressive effects, thereby improving symptoms, reducing mechanical hypersensitivity, and neuropathic 
pain. Additionally, the positive social atmosphere in the balneotherapy environment contributes to the treatment of 
chronic diseases, reduces psychological stress, and enhances overall quality of life.63 Scanu (2021) demonstrated the 
immunomodulatory effects and the therapeutic use of hydrogen sulfide (H2S) donors exhibiting anti-inflammatory and 
antioxidant activities. This treatment restricts the activation of the MAPK/ERK and NF-kB pathways and reduces the 
generation of various factors associated with OA. They propose that balneotherapy has beneficial effects on the immune 
system, exerting inhibitory effects on inflammation and oxidative stress, thereby reducing the levels of inflammatory 
mediators, increasing cortisol concentrations, and improving pain, functionality, and quality of life.64

Limitation
1. Language Limitation: The research only includes studies published in English, leading to a potential language bias 

and ignoring findings presented in other languages.
2. Heterogeneity: There is considerable heterogeneity across studies due to differences in research design, meth-

odologies, and patient populations, which makes it difficult to aggregate data and draw firm conclusions. To 
enhance the quality of future research, standardization of patient selection criteria is recommended, including 
factors such as age, severity of CLBP, and duration of the condition.

3. Lack of Long-Term Studies: Most studies focus on the short-term effects of spa therapy, and there is a lack of 
research investigating the long-term efficacy and sustainability of the benefits. Researchers should consider 
conducting long-term studies to evaluate the sustainability of the benefits of hot spring hydrotherapy, allowing 
for an in-depth exploration of the long-term effectiveness of this treatment. Researchers should prioritize the 
consistency of control group composition and study design to ensure adequate matching, thereby facilitating the 
attainment of reliable results.

4. Insufficient High-Quality Trials: The field lacks a substantial number of high-quality randomized controlled trials, 
which limits the strength of the evidence supporting the effectiveness of spa therapy for chronic low back pain.
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Conclusion
The findings of this meta-analysis study indicate that hot spring hydrotherapy has a positive impact on pain and 
functional disability symptoms in patients with chronic low back pain (CLBP), and it reduces the use of pain medication. 
Single-session hot spring hydrotherapy effectively improves the quality of life in CLBP patients. Subgroup analysis 
revealed that the effects of hot spring hydrotherapy are more pronounced in CLBP patients aged 60 and above, with 
a reduction in pain scores by 1.43, a decrease in functional disability scores by 1.52, and a decrease in medication dosage 
by 0.018 g/day. Single-session hot spring hydrotherapy improves the quality of life score by 0.83. However, due to 
heterogeneity and potential biases in the included studies, as well as differences in study designs, the therapeutic effects 
of hot spring hydrotherapy on CLBP patients aged below 60 cannot be determined conclusively, and further research is 
needed.
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