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Background: Chronic pain is a major global health problem for which current treatments often provide insufficient relief. Tissue
hypoxia and redox imbalance may contribute to its pathophysiology, prompting interest in hyperbaric oxygen therapy (HBOT) as
a potential adjunctive treatment. This review evaluates the therapeutic effects of HBOT in adults with chronic pain syndromes.
Methods: A PRISMA-guided systematic review was conducted (MEDLINE, EMBASE, Cochrane Central Register of Controlled
Trials; January 2000 - August 2025). Randomized controlled trials (RCTs) evaluating HBOT in adults with chronic pain were included.
Primary outcomes were pain measures (intensity, distribution and sensitivity). Secondary outcomes included multidimensional pain-
related outcomes (quality of life, functioning and psychological well-being), analgesic use, neuroimaging findings, and adverse events.
Risk of bias was assessed using the Cochrane RoB 2 tool. Due to study heterogeneity, results were synthesized narratively.

Results: Eleven RCTs (480 participants) were included, predominantly involving fibromyalgia (n=8), with additional studies in
complex regional pain syndrome (CRPS) (n=1), idiopathic trigeminal neuralgia (n=1) and radiation-induced brachial neuropathy
(n=1). Sample sizes ranged from 17 to 71 participants. Most trials showed some concerns or high risk of bias, mainly due to subjective
outcomes and lack of blinding. In fibromyalgia, HBOT showed consistent within-group improvements in pain, functioning, and quality
of life, with some studies demonstrating between-group benefits. Limited evidence in CRPS and trigeminal neuralgia suggested
possible benefit, whereas the trial in radiation-induced brachial plexopathy showed no meaningful improvement. HBOT was generally
well tolerated, with mostly mild adverse events.

Conclusion: HBOT shows potential as an adjunctive intervention for selected chronic pain syndromes, particularly fibromyalgia.
However, condition-specific effects, inconsistent superiority over controls, methodological limitations, protocol heterogeneity, and
limited long-term follow-up constrain the strength of evidence. Larger, standardized trials with extended follow-up are needed before
routine clinical implementation can be recommended.
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Introduction
Chronic pain, commonly defined as pain persisting beyond three months, represents a substantial global health challenge
with profound individual, societal, and healthcare implications. According to the International Classification of Diseases
(ICD-11) of the World Health Organization it encompasses both chronic primary pain syndromes — such as fibromyalgia
and complex regional pain syndrome (CRPS) — and chronic secondary pain conditions, including neuropathic and cancer-
related pain' Across these conditions, patients experience substantial suffering, functional impairment, and reduced
quality of life. The magnitude of this burden is further highlighted by epidemiological data, with a lifetime prevalence in
Europe estimated between 12.7% and 33.7%, underscoring its relevance as a widespread public health concern and
highlighting the ongoing need for more effective treatment strategies.’

Management of chronic pain remains particularly challenging, and treatment typically needs to be tailored to the
individual patient. Current guidelines emphasize multimodal strategies that integrate pharmacological interventions —

such as opioids, nonsteroidal anti-inflammatory drugs, and antidepressants — with non-pharmacological modalities,

https://doi.org/10.2147/JPR.S597243 Journal of Pain Research 2026:19 597243 |
Received: 19 January 2026 © 2026 Leys et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 11 March 2026 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Published: 24 March 2026 you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0000-6680-7198
http://orcid.org/0000-0003-4522-9055
http://orcid.org/0000-0002-5151-8999
http://orcid.org/0000-0002-5367-8371
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Leys et al

including exercise, transcutaneous electrical nerve stimulation (TENS), cognitive behavioral therapy, and patient
education.*

Despite these efforts, outcomes frequently remain unsatisfactory, with treatment often failing to achieve adequate and
sustained pain relief. For this reason, the continuous development and evaluation of novel therapeutic approaches aimed
at improving long-term outcomes remain imperative.

Role of Hypoxia and Oxidative Stress

Evidence suggests that disturbances in tissue oxygenation and redox balance may contribute to the pathophysiology of
chronic pain syndromes. Hypoxia and reactive oxygen species (ROS), which can arise from microvascular dysfunction,
(prolonged) inflammation, or reduced perfusion, are thought to contribute to both peripheral and central sensitization.°

At the peripheral level, reduced tissue oxygen may lead to accumulation of hypoxia-inducible factor-1o (HIF-1a), which has
been shown to upregulate pro-inflammatory cytokines (eg tumor necrosis factor-o. (TNF-o) and interleukin-1B (IL-1B)),
potentially enhancing nociceptor excitability.”* Hypoxia may also promote a shift toward anaerobic glycolysis, resulting in
lactate accumulation and local acidosis, which in turn can activate proton-sensitive channels such as acid-sensing ion channels
(ASICs) and transient receptor potential vanilloid 1 (TRPV1), potentially facilitating prolonged nociceptive signaling.’ ' In
parallel, excessive ROS production has been observed to cause oxidative modification of ion channels and signaling proteins,
lowering nociceptor activation thresholds and promoting ectopic discharges in peripheral fibers.

The resulting amplification of peripheral nociceptive input may alter pain processing within the central nervous system. In the
dorsal horn of the spinal cord, sustained afferent signaling has been shown to increase glutamate release and N-methyl-
D-aspartate (NMDA) receptor activation, initiating synaptic plasticity that promotes hyperexcitability.'*'* Meanwhile, hypoxia-
and ROS-driven signals may also activate microglia and astrocytes, which produce pro-inflammatory mediators (eg IL-1, TNF-
a, IL-6). These glial-derived mediators can amplify excitatory transmission while impairing inhibitory gamma-aminobutyric acid
(GABA) pathways, thereby disturbing the balance between excitation and inhibition in pain pathways.'*'® Together with ROS-
induced changes in ion-channel expression and function in spinal neurons, these processes are hypothesized to reduce activation
thresholds, resulting in prolonged excitatory responses.

Collectively, these hypoxia- and ROS-driven processes, mostly based on preclinical evidence, may establish
a condition of sustained neuronal hyperexcitability, affecting both peripheral nociceptors and central pain circuits. This
dual sensitization provides a potential neurobiological foundation for clinical manifestations such as hyperalgesia and

allodynia, which are cardinal features observed across chronic pain syndromes.'” **

Hyperbaric Oxygen Therapy
Hyperbaric oxygen therapy (HBOT) involves the administration of 100% oxygen at pressures exceeding atmospheric pressure,
typically ranging between 1.5 and 3.0 atmospheres absolute (ATA). This significantly increases the amount of oxygen dissolved
in plasma, thereby improving tissue oxygenation in ischemic or inflamed areas. The physiological effects are thought to include
reversal of hypoxia, suppression of HIF-1a-driven inflammatory pathways, reduction of excessive ROS production, stimulation
of angiogenesis, and promotion of tissue repair. Collectively, these mechanisms may contribute to restoration of local home-
ostasis and may interrupt self-perpetuating cycles of hypoxia, oxidative stress, and inflammation.***>

Although HBOT has been long established in clinical practice for conditions such as carbon monoxide poisoning,
radiation injury, chronic wounds, and refractory infections,** it has also received attention in the chronic pain field. This
interest is driven by mechanistic preclinical evidence that hypoxia, oxidative stress, and inflammation may contribute to
peripheral and central sensitization in chronic pain syndromes (as detailed above in the “Role of hypoxia and oxidative
stress” subsection). Supporting this rationale, animal models have demonstrated that HBOT can reduce nociceptive
hypersensitivity and neuroinflammatory responses, while also exerting direct antinociceptive effects through NO-
dependent release of endogenous opioids.?*** Building on these findings, clinical trials in conditions such as fibromyal-
gia and CRPS have emerged over the past decades, exploring HBOT as a potential pain management strategy.

Several systematic reviews and meta-analyses have evaluated the efficacy and safety of HBOT. However, these
analyses have focused exclusively on fibromyalgia populations and have primarily emphasized quantitative pooling of
pain measures.”>> >’ While statistical synthesis can provide valuable information, the small sample sizes, reliance on
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subjective outcomes, and heterogeneity in study designs limits the certainty of the available evidence according to
established frameworks such as Grading of Recommendations Assessment, Development and Evaluation (GRADE).*®

The present review therefore adopts a structured narrative approach to contextualize the available evidence and to
identify clinically meaningful patterns that may not be fully captured through statistical aggregation alone. In addition,
the scope of this review extends beyond fibromyalgia to systematically identify evidence across chronic pain syndromes
and integrates a broader range of multidimensional outcomes.

Accordingly, the objective of this review is to evaluate the therapeutic effects of HBOT in adults with chronic pain
syndromes compared with standard care or placebo, focusing primarily on pain intensity, distribution, and sensitivity.
Secondary outcomes of interest include multidimensional pain measures — such as quality of life, global functioning, and
psychological well-being — as well as analgesic consumption, neuroimaging findings, and adverse events.

Methodology
This systematic review was designed in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.39

Data Sources and Search Strategy

A systematic search was performed in the databases MEDLINE, EMBASE, and the Cochrane Central Register of
Controlled Trials. The most recent update of this search was conducted on 22 August 2025. Search terms included
“chronic pain”, “persistent pain”, “neuropathic pain”, “complex regional pain syndrome”, “CRPS”, “fibromyalgia”,
“hyperbaric oxygen therapy”, “HBOT”, and “oxygen under pressure”. The search was limited to articles published
between January 2000 and August 2025, based on a preliminary scoping check which indicated that no relevant
randomized controlled trials on HBOT in chronic pain syndromes were published prior to 2000. Complete database-

specific search strategies are provided in Supplement 1.

Eligibility Criteria and Study Selection
For this systematic review, we included studies published in English or Dutch that evaluated the use of HBOT in adults
(>18 years) with chronic pain syndromes. Studies involving children, animals, acute pain conditions, or wound healing
were excluded. Randomized controlled trials (RCTs) were considered eligible. Narrative or systematic reviews, as well as
meta-analyses, were screened for additional relevant studies.

Article selection was conducted by one reviewer (A.M.L)., based on title, abstract, and full-text assessment. The
procedure was systematically repeated twice to minimize the risk of omitting relevant studies and to partially offset the
absence of a second reviewer. The selection process did not involve the use of any automation tools.

Data Extraction

Data extraction was performed by investigator A.M.L. The following variables were collected: study characteristics
(author, year of publication), population details (type of chronic pain, number of participants per group, gender, age,
average disease duration), intervention specifics (HBOT protocol - pressure, number of sessions, duration per session,
frequency), control conditions (sham HBOT, standard care, no treatment, medication), follow-up intervals, outcome
measures (pain intensity, distribution and sensitivity, functional status, quality of life, psychological outcomes, medica-
tion use, neuroimaging findings, and adverse events), and results.

Outcomes

Pain measures (intensity, distribution and sensitivity) were considered the primary outcome, while secondary outcomes included
multidimensional pain-related outcomes — including quality of life, global functioning and psychological well-being — analgesic
use, neuroimaging findings, and adverse events. In recognition of the complex and multifaceted biopsychosocial nature of
chronic pain, studies not reporting on pain measures were still included, provided they reported on one or more of the secondary
outcomes of interest, allowing for a comprehensive assessment of HBOT’s effects on chronic pain syndromes.
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Risk of Bias Appraisal

Risk of bias in the included studies was assessed using the Cochrane Risk of Bias (RoB 2) tool, considering
randomization process, deviations from intended interventions, missing outcome data, outcome measurement, and
selection bias.*” The assessment was performed by one reviewer (A.M.L)., with uncertainties resolved through con-
sultation with a second reviewer (D.W).

Data Analysis and Synthesis

Examination of the data presented in Tables 1 and 2 showed substantial clinical and methodological heterogeneity
across the included studies. This was reflected in the variability of HBOT protocols, control conditions, and outcome
measures, with studies employing diverse assessment instruments. Given this degree of heterogeneity, quantitative
synthesis through meta-analysis was considered inappropriate, as statistical pooling could yield misleading results.
The findings were synthesized using a narrative approach, focusing on patterns, consistencies, and differences across

studies.

Table | Demographic Information of Included Studies

Author (Year) Chronic pain Subtype Sample size Sex (M: F) Age (M1SD, Duration of
Years) Disease (M1SD,
Years)
Boussi-Gross Fibromyalgia (with a history | 48 (IG n=24, CG n=24) NA (only women) IG: 32.8+6.3 NR
et al (2024)*' of childhood sexual abuse) CG: 34.045.6
Izquierdo- Fibromyalgia 33 (IG n=17, CG n=16) NA (only women) 52.76+8.18 IG: 7.38%5.64
Alventosa et al CG: 7.87+5.86
(2024)
Ablin et al Fibromyalgia (with a history | 58 (IG n=29, CG n=29) IG: 8 (28%): 21 (72%) IG: 43.111.3 IG: 3.1+2.9
(2023)* of traumatic brain injury) CG: 4 (14%): 25 (86%) | CG: 47.1x12.5 | CG: 5.4+6.4
Curtis et al Fibromyalgia 17 (IG n=9, CG n=8) IG: 2 (22%): 7 (78%) IG: 45.7+14.2 IG: 11£9.6
(2021)* CG: 0 (0%): 8 (100%) | CG:51.8+145 | CG: 22.716.9
Izquierdo- Fibromyalgia 49 (IG n=17, CG n=16, NA (only women) 53.3+7.86 NR
Alventosa et al PEG n=16)
(2020)*
Hadanny et al Fibromyalgia (with a history | 30 (IG n=15, CG n=15) NA (only women) IG: 48.3+10.6 NR
(2018)* of childhood sexual abuse) CG: 43.1£10.6
Efrati et al Fibromyalgia 48 (IG n=24, CG n=24) NA (only women) IG: 50.4+10.9 IG: 6.75+5.9
(2015)* CG: 48.1£11.1 | CG: 6.245.1
Gu etal (2012)*® | Ideopathic trigeminal 42 (IG n=20, CG n=22) 8 (19%): 34 (81%) 56.5+7.6 14.6£5.1
neuralgia
Kiralp et al Post-traumatic complex 71 (IG n=37, CG n=34) 49 (69%): 22 (31%) 1G: 29.4£10.2 0.13
(2004)*® regional pain syndrome CG: 31.449.15
Yildiz et al Fibromyalgia 50 (IG n=26, CG n=24) IG: 9 (35%): 17 (65%) IG: 40.4614.79 | 4.0£1.1
(2004)*° CG: 6 (25%): 18 (75%) | CG: 39.88+4.7
Pritchard et al Radiation-induced brachial 34 (IG n=17, CG n=17) NR NR NR
(2001)>° neuropathy

Abbreviations: M, male; F, female; M, mean; SD, standard deviation; IG, intervention group; CG, control group; NA, not applicable; NR, not reported; PEG, physical

exercise group; HBOT, hyperbaric oxygen therapy.
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Table 2 Summary of Study Characteristics

Author HBOT Protocol (100% O,) Additional Comparison Outcomes Follow-Up Intervals
(Year) Interventions
Boussi- ® 20 ATA NA Duloxetine or pregabalin for a 3-month Primary: Global functioning (FIQ-R) Baseline & directly after
Gross et al ® 90 min/session period Secondary: intervention
(2024)*' ® 60 sessions ® Fibromyalgia-related symptoms (WPI, SSS)
® 5 days/week, 12 weeks ® Psychological status (BSI-18, BDI-Il, PSS-I, MSDQ)
® Quality of life (SF-36)
® Pressure pain threshold, conditioned pain modulation
® Brain activity (SPECT)
Izquierdo- ® |45 ATA NA No intervention Primary: Psychological constructs related to pain Baseline & within | week after
Alventosa ® 90 min/session ® Paijn intensity (VAS) intervention
etal ® 40 sessions ® Pain catastrophizing (PCS)
(2024)* ® 5 days/week, 8 weeks ® Pajn acceptance (CPAQ)
® Psychological flexibility (PIPS)
® Mental defeat (PSPS)
® Secondary: Quality of life (SF-12)
Ablin et al ® 20 ATA NA Duloxetine or pregabalin for a 3-month Primary: Pain intensity (VAS) Baseline & -3 weeks after
(2023)* ® 90 min/session period Secondary: intervention
® 60 sessions ® Fibromyalgia-related symptoms (WPI, SSS, FIQ, GPS)
® 5 days/week, 12 weeks ® Quality of life (SF-36)
® Sleep quality (MOS)
® Psychological status (BSI-18, BDI-Il)
® Pressure pain threshold and conditioned pain modulation
® Brain activity (SPECT)

Curtisetal | ® 2.0 ATA NA Crossover control group (delayed HBOT | Primary: Safety & feasibility Baseline, (after waiting period),
(2021)* ® 90 min/session therapy after 3 months) Secondary: directly after intervention and
® 40 sessions ® Global functioning (FIQ-R) 12 weeks later

® 5 days/week, 8 weeks ® Psychological health (HADS)
® Sleep (JSS)
® Fatigue (FSS, fatigue VAS)
® |mpression of change (PGIC)
Izquierdo- ® .45 ATA NA PEG: 60 min/session, 16 sessions, 2 days/ | Primary: Baseline & within | week after
Alventosa ® 90 min/session week ® Induced fatigue (CR-10 Borg scale after 6MWT) intervention
et al ® 40 sessions CG: no intervention ® Pajn intensity at rest (VAS)
(2020)* ® 5 days/week, 8 weeks ® Pressure pain threshold
® Endurance & functional capacity (6MWT)
® Secondary:
® Physical performance (SPPB)
® Cortical excitability (RMT)

(Continued)
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Table 2 (Continued).

Author HBOT Protocol (100% O, Additional Comparison Outcomes Follow-Up Intervals
P P
(Year) Interventions
Hadanny ® 20 ATA Psychological Crossover control group (psychological ® Fibromyalgia-related symptoms (WPI, SSS, FIQ) Baseline, (after waiting period),
et al ® 90 min/session therapy therapy and delayed HBOT therapy after | ® Quality of life (SF-36) directly after intervention
sessions months sychological status -18, -
2018)* ® 60 3 h ® Psychological BSI-18, PSS-I
® 5 days/week, 12 weeks ® Brain activity (SPECT)
® Brain microstructure (MRI)
Efrati et al ® 20ATA NA Crossover control group (delayed HBOT | ® Tender point count Baseline, (after waiting period),
min/session therapy after 2 months ain threshold evaluation (dolorimeter’ irectly after intervention
2015)* ® 90 min/ herapy after 2 h ® Pain threshold eval dol directly af
® 40 sessions ® Functional impairment (FIQ)
® 5 days/week, 8 weeks ® Psychological distress (SCL-90)
® Quality of life (SF-36)
® Brain activity (SPECT)
Gu et al ® |8 ATA Carbamazepine | Carbamazepine & HBOT sham (I.I ATA ® Pain intensity (VAS) Baseline & day 1, 30, 60, 90 and
min/session at beginning and end of session, |. arbamazepine dosage after intervention
2012)% ® 70 min/ beginning and end of 1.03 ATA | ® Carb pine dosag 180 aft
® |0 sessions in between, 21% O,)
® |0 consecutive days
Kiralp et al ® 24 ATA Paracetamol Paracetamol & HBOT sham (2.4 ATA, 21% | ® Pain intensity (VAS) Baseline, directly after
(2004)*® ® 90 min/session 0O,) ® Range of motion (wrist flexion/ extension) intervention and 45 days later
® |5 sessions ® Oedema (wrist circumference)
® 5 days/week, 3 weeks
Yildiz et al ® 24 ATA NA HBOT sham (1.0 ATA, 21% O,) ® Number of tender points Baseline, after first session and
2004)* ® 90 min/session ® Pressure pain threshold (dolorimeter directly after complete
X y P
® |5 sessions ® Pain intensity (VAS) intervention
® 5 days/week, 3 weeks
Pritchard ® 24 ATA NA HBOT sham (2.4 ATA, 59% nitrogen and | Primary: Warm sensory threshold Secondary: Baseline, within | week after
et al ® 100 min/session 41% O,) ® Heat pain threshold intervention, 12 months and 24
(2001)*° ® 30 sessions ® Cool sensation threshold months after intervention
® 5 days/week, 6 weeks ® Neurophysiological tests
® Pajn experience (McGill Pain Questionnaire, SF-36)

Abbreviations: HBOT, hyperbaric oxygen therapy; O,, oxygen; ATA, Atmospheres Absolute; min, minute(s); NA, not applicable; FIQ(-R), (Revised) Fibromyalgia Impact Questionnaire; WPI, Widespread Pain Index; SSS, Fibromyalgia
Symptoms Severity Scale; BSI-18, Brief Symptom Inventory; BDI-Il, Beck Depression Inventory; PSS-I, PTSD Symptom Scale Interview; MSDQ, Medical Somatic Dissociation Questionnaire; SF-36, RAND Health Status Survey Short Form;
SPECT, Single Photon Emission Computed Tomography; VAS, Visual Analogue Scale; PCS, Pain Catastrophizing Scale; CPAQ, Chronic Pain Acceptance Questionnaire; PIPS, Psychological Inflexibility in Pain Scale; PSPS, Pain Self-Perception
Scale; SF-12, Short Form Health Survey; GPS, Global Pain Scale; MOS, Medical Outcome Sleep Scale; HADS, Hospital Anxiety and Depression Scale; JSS, Jenkins Sleep Scale; FSS, Fatigue Severity Scale; PGIC, Patient Global Impression of
Change; IG, intervention group; CG, control group; PEG, physical exercise group; CR-10 Borg Scale, Borg Category-Ratio Scale; 6MWT, 6-minute walking test; SPPB, Short Physical Performance Battery; RMT, Resting Motor Threshold;
MRI, Magnetic Resonance Imaging; SCL-90, Symptom Check List.
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Results
Literature Search
A total of 69 results were identified. After removing 32 duplicates, 37 records remained for screening of title and
abstract, of which 14 were excluded for not meeting the predefined inclusion and exclusion criteria. Of the 23 remaining
results, only 12 articles were available for full text screening. Of these, 11 articles met the predefined inclusion and
exclusion criteria and were included in the review,”**' > while one was excluded as it was a published study protocol for
future studies (see Figure 1).”!

Of the initial 69 results, 10 articles were reviews or meta-analyses that met the inclusion and exclusion criteria.
3752757 These publications were screened for potentially missing eligible trials, however, none were identified. The trials

cited within these reviews had already been included through our primary search strategy.

26,35—

Study Characteristics
An overview of study characteristics is presented in Tables 1 and 2. In total, eleven studies published between 2001

and 2024 were analyzed, covering various chronic pain subtypes. Eight out of eleven studies focused on
fibromyalgia,*' *"** including two involving patients with a history of childhood sexual abuse,*'**® and one addres-
sing fibromyalgia after traumatic brain injury.*> The remaining studies included two trials on neuropathic pain —
idiopathic trigeminal neuralgia®® and radiation-induced brachial neuropathy®® — and one on post-traumatic CRPS.**
Sample sizes ranged from 17 to 71 participants, resulting in a total of 480 patients across all trials. The study

' CEEEER
Records identified from
= databases and registers (n = 69):
= - Pubmed (n=10)
S - Embase (n = 26) > Records removed before screening:
& - Cochrane Central Duplicate records removed (n = 32)
g Register of Controlled
-] Trials (CENTRAL) (n =
33)
N
y
G
Records screened a _
(n =37) »| Records excluded (n = 14)
A 4
. Reports not retrieved (n = 11)
Reports sought for retrieval > - Only abstract available (n = 3)
> (n=23) - Only trial registry entry
g available (n = 8)
3 v
Reports assessed for eligibility
(n=12) —P Reports excluded (n = 1)
e—
\4
K
=2 Studies included in review
> (n=11)
£
—/

Figure | Flow diagram of study selection process according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
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populations consisted mainly of women, reflecting the higher representation of fibromyalgia cases. The only exception
was the study by Kiralp et al, in which the CRPS cohort was predominantly male*® The average reported duration of
chronic pain varied considerably, from approximately three years in recent-onset cases to more than two decades in
long-standing disease.

HBOT protocols also differed substantially across studies, with treatment pressures ranging from 1.45 to 2.4 ATA,
a total of 15 to 60 sessions, and individual session duration between 70 and 100 minutes. Most trials employed sham
(n=4) or delayed-treatment controls (n=3), whereas others compared HBOT with pharmacological (eg duloxetine,
pregabalin, carbamazepine, paracetamol) or psychological therapies, or no new interventions at all In the included trials,
sham protocols varied, including normobaric air, mild pressurization, or altered oxygen fractions. These sham procedures
are intended to control for expectation and placebo effects. Notably, only the four studies implementing a sham-

284830 The remaining seven studies compared HBOT with

controlled design were conducted in a double-blind manner.
alternative control conditions and were using an open-label design.*' " Detailed descriptions of the control conditions
and sham protocols for each trial are provided in Table 2.

Across studies, participants generally continued their pre-existing treatments during the study period. In three of the
eleven studies, an additional intervention (eg physical exercise, carbamazepine, or paracetamol; see Table 2) was initiated
alongside HBOT.?*#6:4%

Outcomes predominantly focused on pain intensity and global functioning, while secondary outcomes assessed
quality of life, psychological well-being, and physiological markers such as brain activity. Follow-up intervals varied
from immediate post-intervention assessments to long-term evaluations up to 24 months.

Several included studies originated from overlapping research groups. To assess potential duplication of patient
populations, recruitment timelines, clinical trial registration numbers, and baseline characteristics were reviewed.
Two publications by Izquierdo et al shared identical recruitment periods and trial registration numbers, with
highly comparable baseline characteristics, suggesting that they reported on the same underlying study
population®**> These publications were therefore considered as arising from a single cohort. Although these
publications presented different primary and secondary outcome domains, pain intensity (VAS) was reported
across both papers. For this shared outcome, we treated the data as originating from a single cohort in the
narrative synthesis to avoid double-counting. Studies by Efrati et al, Hadanny et al, Boussi-Gross et al, and Ablin
et al, although conducted by overlapping research teams, reported distinct recruitment periods and separate trial
registration numbers, supporting inclusion as independent cohorts*'*****47 Similarly, studies by Kiralp et al and
Yildiz et al investigated different patient populations (fibromyalgia versus CRPS), despite partial overlap in

research teams.*%*’

Risk of Bias Assessment

Risk of bias in the included studies was assessed using the Cochrane Risk of Bias (RoB 2) tool.*’

Overall, no study
was judged at low risk of bias (see Figure 2). Seven studies were judged as presenting “some concerns”, primarily
due to limitations in the domain “measurement of the outcome”, reflecting the lack of participant blinding and the
reliance on subjective self-reported questionnaires as primary endpoints.?®*!#343574759 These trials attempted to
compensate for this limitation by also including objective secondary outcomes (eg single photon emission computed
tomography (SPECT), pressure pain threshold (PPT), or functional assessments), which led these studies to be
judged as presenting “some concerns” instead of “high risk”. Four studies were rated as having a high risk of bias.
In two studies, a high risk of bias resulted from open-label study designs in combination with exclusive reliance on
subjective endpoints.**** In the remaining two studies, this judgment was driven by concerns in the domain
“randomization process”, due to unclear allocation procedures (alternate allocation).***” Randomization procedures
were otherwise generally adequate, baseline characteristics were balanced, and drop-out rates were low, with
intention-to-treat analyses commonly applied.
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Narrative Synthesis of Results

Pain Intensity, Distribution and Sensitivity

Pain Intensity

Nine studies assessed self-reported pain intensity, predominantly using the Visual Analogue Scale (VAS). In fibromyalgia
trials, HBOT was associated with reductions in self-reported pain intensity. Yildiz et al reported a mean decrease of 3.31
points on a 11-point scale following 15 sessions of HBOT at 2.4 ATA (p < 0.001), though between-group differences
compared to sham control did not reach statistical significance.*” Two complementary studies by Izquierdo-Alventosa
et al using lower pressure protocols (1.45 ATA, 40 sessions) both observed reductions in VAS scores of 2.47 points (p <
0.05 and p < 0.001), with large within-group effect sizes (Cohen’s d = 1.06 and 1.24).***> However, these studies did not
report formal between-group statistical comparisons. In contrast, Ablin et al (2.0 ATA, 60 sessions) demonstrated
a statistically significant between-group advantage for HBOT over pharmacological treatment (duloxetine or pregabalin),
with a VAS reduction of 2.31 points and a large between-group effect size (Cohen’s d = 0.95, p = 0.001).*

In post-traumatic CRPS, Kiralp et al (2.4 ATA, 15 sessions) reported a 3.1 point reduction in VAS scores in the HBOT
group (p < 0.001), an improvement that persisted for 45 days, whereas changes in the sham control group were minimal,
resulting in a statistically significant between-group difference (p < 0.001).** Similarly, in idiopathic trigeminal neuralgia,
Gu et al (1.8 ATA, 10 sessions) reported that approximately 60-75% of patients receiving HBOT achieved a VAS
reduction of >2 points, compared with only 20-30% in the sham control group (p < 0.01), with effects persisting for up to
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six months.”® However, in contrast to positive findings in other conditions, Pritchard et al (2.4 ATA, 30 sessions)
observed no statistically significant reduction in pain scores over 12-month follow-up in patients with radiation-induced
brachial plexopathy, as measured by the McGill Pain Questionnaire and SF-36 pain domains, although some participants
did report subjective improvements.*’

Pain Distribution

Three studies assessed pain distribution in fibromyalgia patients using the self-reported 19-point Widespread Pain Index
(WPI), with two trials demonstrating significant within-group improvements after HBOT. Hadanny et al (2.0 ATA, 60
sessions) reported a reduction of 3.7 + 3.0 points (p = 0.001) with a large within-group effect size (Cohen’s d = 1.03), and
similar improvements replicated in the crossover phase.*® In parallel, Boussi-Gross et al (2.0 ATA, 60 sessions), who
compared HBOT with pharmacological treatment (duloxetine or pregabalin) rather than using a crossover design,
observed an even larger reduction of 4.5 £ 5.9 points (p = 0.001) and likewise reported a large effect size after between-
group analyses (Cohen’s d = 0.97).*' The third study, however, by Ablin et al, reported a smaller WPI reduction of 2.4 +
5.9 points (p = 0.0415), and was not able to demonstrate between-group superiority over pharmacological treatment with
duloxetine or pregabalin (p = 0.154).*

Two studies also reported on the number of tender points in fibromyalgia patients. Yildiz et al (2.4 ATA, 15 sessions)
observed a significant decrease of 8.9 tender points following HBOT (p < 0.001), however, they were not able to
demonstrate a significant between-group differences.*” Meanwhile, Efrati et al (2.0 ATA, 40 sessions) reported reductions
in tender point counts of 8.46 points in the primary HBOT group and 11.54 points in the crossover group (on an 18-point
tender point assessment). These reductions were accompanied by very large effect sizes (Cohen’s d = 1.5 and 2.24
respectively, p < 0.001) and were supported by significant between-group analyses.*’

Pain Sensitivity

Multiple fibromyalgia trials reported increases in pressure pain thresholds (PPT), measured with dolorimetry, following
treatment with HBOT.*!#343474% Effect sizes were generally in the medium range. Ablin et al, also reported a significant
correlation between PPT changes and reduction in pain indices.*?

Multidimensional Pain Outcomes
Quality of Life
In fibromyalgia trials, HBOT was associated with improvements in quality of life compared with controls, with 29% to
53.3% of HBOT-treated participants no longer meeting diagnostic criteria at post-treatment assessment, versus 0 to 6.7%
in control groups.*'****¢ Improvements in SF-36 scores (range 0 to 100) were reported by Boussi-Gross et al, with
increases of 24.1 = 17.9 points in the Physical Component Summary (Cohen’s d = 1.46) and 24.3 + 20.8 points in the
Mental Component Summary (Cohen’s d = 1.03), with significant between-group differences.*’ Efrati et al reported
smaller but still statistically significant improvements in SF-36 total scores in both the HBOT group (3.3 points,
Cohen’s d = 1.0) and the crossover group (2.3 points, Cohen’s d = 0.58), supported by both within- and between-
group analyses.”” Other studies focusing on SF-12 and SF-36 subdomains generally found the most pronounced
improvements in domains of bodily pain, vitality, and social functioning.****

In contrast, Pritchard et al observed no overall between-group differences in quality-of-life measures over 12-month
follow-up in patients with radiation-induced brachial plexopathy However, participants receiving HBOT did maintain
higher scores on the SF-36 physical functioning and emotional role domains at 12 months compared to controls.”®

Global Functioning

Functional impairment, as measured by the Fibromyalgia Impact Questionnaire (FIQ) and its revised version (FIQR),
improved following hyperbaric oxygen therapy across multiple fibromyalgia trials. Curtis et al reported a reduction of
33.8 points in total FIQR scores in the HBOT group (p < 0.001) — significantly greater compared to controls (p = 0.004) —
with the control group demonstrating similar improvements after crossover.** Similar functional gains were reported in
three additional studies. Ablin et al observed a reduction of 19.6 = 17.6 points, accompanied by a large between-group
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effect size (Cohen’s d = 1.11).* Hadanny et al reported a reduction of 29.9 + 27.3 points in the HBOT group, with an
even larger reduction of 39.8 + 21.9 points in the control group following crossover.*® Likewise, Boussi-Gross et al
demonstrated a decrease of 24.3 + 20.9 points, supported by significant between-group analyses and a large effect size
(Cohen’s d = 1.27).*! Improvements were also reported at the subdomain level. Efrati et al showed significant gains in the
“Function” subscale of the FIQ(R) following HBOT in both the primary HBOT group and crossover group, with medium
to large effect sizes (Cohen’s d = 0.64 and 1.29, respectively).*’

Objective measures of functional capacity in fibromyalgia patients were reported in one trial. Walking distance in the
six-minute walking test (6MWT) increased by 49.5 m following HBOT compared to pre-treatment (Cohen’s d = 1.16),
while induced fatigue improved by 1.18 points (Cohen’s d = 0.53). No relevant improvements were seen in control
groups. An exercise comparator group demonstrated comparable, though smaller, gains in walking distance (+32 m,
Cohen’s d = 0.75). SPPB scores increased significantly following both HBOT (+0.89 points) and physical exercise (+1.4
points), while remaining unchanged in the control group.*’

In CRPS, better joint mobility (wrist flexion +19.3°, p < 0.001) and reduced edema (wrist circumference —1.9 cm, p <
0.001) were reported.*®

Sleep and Fatigue

Two fibromyalgia trials reported reductions in sleep disturbances, with significant improvements on both the Medical
Outcomes Study (MOS) Sleep Problems Index (Cohen’s d = 0.65, p = 0.018) and the Jenkins Sleep Scale (p = 0.04).4344
Fatigue perception decreased in one study (Cohen’s d = 0.53, p < 0.05),** although no significant changes were observed
on the Fatigue Severity Scale or fatigue VAS in another trial.**

Psychological Well-Being

Psychological and psychiatric outcomes were evaluated in six fibromyalgia trials. Boussi-Gross et al reported significant
improvements in Post-Traumatic Stress Disorder (PTSD) severity, somatization, depression, and overall psychological
distress, supported by between-group analyses. Large effect sizes were observed for PTSD severity (PTSD Symptom
Scale (PSS); Cohen’s d = 0.82) and somatization (Medical Somatic Dissociation Questionnaire (MSDQ); Cohen’s d =
1.01), while moderate effect sizes were found for general psychological distress and depressive symptoms, as measured
by the Brief Symptoms Inventory (BSI; Cohen’s d = 0.67) and Beck Depression Inventory (BDI; Cohen’s d = 0.74).*!
These results align closely with those reported by Ablin et al, who observed comparable reductions in overall
psychological distress and somatization (BSI and MSDQ); Cohen’s d = 0.69 and 0.95 respectively), along with improve-
ments in depressive symptoms (BDI; Cohen’s d = 0.80), compared to controls.*?

Evidence from additional studies further support these findings. One trial observed reductions exceeding 50% in
somatization, anxiety, and depression (p < 0.001), along with a 29% improvement in PTSD symptoms (p = 0.006).*®
Another study found significant and sustained decreases in anxiety and depression as measured by the Hospital Anxiety
and Depression Scale (HADS), with improvements maintained at 12-week follow-up.** Similar effects were observed for
psychological distress measured by the Symptom Checklist (SCL-90; Cohen’s d = 0.66).*” Across studies, improvements
were generally absent in control groups and were replicated in crossover.

Analgesic Use

Two out of eleven articles described the effect of HBOT on analgesia use.”**” Gu et al reported a 60-70% decrease in
daily carbamazepine requirements in the HBOT group, compared with a 15-20% reduction in controls (p < 001). The
decrease was evident within one day after treatment and remained significant for up to 60 days, returning to baseline
levels after 90 days.

Similarly, Efrati et al reported significant decreases in analgesic intake following HBOT, with some individuals
discontinuing pain medication entirely*’ These reductions were observed both in the primary HBOT group and in the
crossover group once they received HBOT. The specific classes of analgesic medications were not further specified.
Antidepressant use remained largely unchanged in the treated group, although the crossover group demonstrated
a modest reduction after HBOT.
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Neuroimaging
Four fibromyalgia studies reported neuroimaging outcomes following HBOT.*!"**4¢47 Collectively, these studies demon-
strated that HBOT was associated with both functional and structural changes in brain regions involved in pain
processing and modulation Using SPECT, significant increases in brain activity and cerebral perfusion were consistently
observed in multiple Brodmann areas (BA) within the prefrontal and temporal cortices, compared with control or
medication groups. One study, by Efrati et al, also reported decreased activity in posterior cortical regions, including
somatosensory areas.*’
Importantly, three studies performed correlation analyses, demonstrating significant associations between changes in
brain activity or microstructure and clinical outcomes*'**** Ablin et al found that changes in activity across several
Brodmann areas (BA9L, BA36R, BA36L, BA38L and BA46L) significantly correlated with clinical measures of pain,
somatization, emotional, physical and social functioning, sleep problems, and general health, as assessed by VAS, Global
Pain Scale (GPS), BSI, SF-36 and MOS*® Similarly, Hadanny et al reported significant correlations between perfusion
changes in multiple Brodmann areas and improvements in general health, WPI, FIQ, BSI, physical function, and
symptom severity scores (SSS).*¢

Adverse Events

Overall, HBOT was well tolerated, with no serious or life-threatening or permanent adverse events reported. Mild
middle-ear barotrauma was the most frequently reported adverse event, occurring in 12-40% of participants.*!+#3:#4-46:47
Other reported events included the inability to adjust ear pressure,’’ visual disturbances,*'"**** headaches***® and
tinnitus,*® which were usually self-limiting. Emotional reactions, such as emotional distress or resurfacing of suppressed
memories, were occasionally described in specific populations with a history of psychological trauma.*'**® In contrast, six

studies reported no adverse events at all 2842434830

Discussion

Chronic pain syndromes are conditions in which disturbances in tissue oxygenation, microvascular dysfunction, and
redox imbalance may contribute to both peripheral and central sensitization. HBOT has been proposed to target these
mechanisms by enhancing tissue oxygenation, modulating inflammatory pathways, and promoting neuroplasticity. The
present review evaluated the current literature on the effects of HBOT in chronic pain syndromes, noting that the
evidence base is predominantly composed of fibromyalgia trials, with very limited data available for CRPS, trigeminal
neuralgia, and radiation-induced brachial plexopathy.

Across fibromyalgia, CRPS, and trigeminal neuralgia, trials reported statistically significant within-group reductions
in self-reported pain intensity, often in the range of 2-3 points on an 11-point VAS scale. Although the absence of
a universally accepted minimal clinically important difference (MCID) for chronic pain complicates interpretation,
reductions of this magnitude are often regarded as clinically meaningful.’® However, reliance on within-group change
must be interpreted cautiously, particularly in small cohorts and in conditions where placebo responses and contextual
effects may be substantial. Evidence for superiority over control or sham conditions was heterogeneous. Trials on CRPS
and trigeminal neuralgia demonstrated statistically significant between-group benefits, whereas in fibromyalgia substan-
tial within-group improvements were not consistently accompanied by superiority over sham. Importantly, sham
conditions in hyperbaric trials vary considerably, ranging from normobaric air exposure to mild pressurization or altered
oxygen fractions. Some of these comparator protocols may even exert physiological effects, potentially attenuating
detectable between-group contrasts and complicating interpretation of true treatment-specific efficacy.

Notably, the single trial investigating radiation-induced brachial plexopathy did not demonstrate meaningful pain
intensity reductions, suggesting that HBOT-related analgesic effects may be condition-specific rather than generalizable
across chronic pain syndromes.

Beyond pain, quality of life, global functioning, and psychological well-being were assessed in multiple trials, again
primarily in fibromyalgia. Patients reported significant improvements in quality of life and global functioning, as
reflected by SF-12/SF-36 and FIQ(R) scores, often exceeding established thresholds for clinical relevance, suggesting
meaningful gains in physical, mental, and global functioning domains.>***° These findings were generally supported by
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large effect sizes and significant between-group analyses. Objective measures of physical performance, though limited to
two trials, aligned with these subjective improvements, showing increased walking distance, improved SPPB scores, and
reduced fatigue in fibromyalgia patients. Psychological outcomes — including PTSD severity, somatization, depression,
anxiety, and overall psychological distress — also showed moderate to large within-group improvements.

In CRPS and trigeminal neuralgia, functional outcomes were assessed less comprehensively, however, CRPS patients
did report improved joint mobility and reduced edema after HBOT. In radiation-induced brachial plexopathy, improve-
ments in quality-of-life could not be demonstrated, reinforcing the condition-specific nature of the evidence.

Although data on medication use are limited and derived from a small number of trials, the available evidence
suggests that HBOT can potentially reduce reliance on analgesics. In trigeminal neuralgia, patients experienced rapid and
substantial reductions in carbamazepine requirements alongside improvements in pain intensity. In fibromyalgia, overall
analgesic intake declined, with some participants discontinuing medication entirely. However, the study did not specify
the classes of analgesics (eg opioid versus non-opioid), limiting interpretation of clinical relevance and generalizability.

Preliminary neuroimaging findings possibly provide a potential mechanistic context for the observed multidimen-
sional improvements but should be interpreted cautiously. Several fibromyalgia trials have identified both functional and
structural changes in prefrontal and temporal cortices following HBOT, with some studies demonstrating correlations
between cortical alterations and improvements in pain, functional status, and psychological measures. While these
observations are consistent with hypotheses of modulation of central sensitization and neuroplastic processes, they are
derived from small cohorts and exploratory analyses. As such, neuroimaging data remain hypothesis-generating rather
than confirmatory and require replication before conclusions regarding neuroplastic effects can be drawn.

Several key methodological limitations temper confidence in the current evidence base. In addition to the small
sample sizes discussed above, participants were predominantly female — consistent with the higher prevalence of
fibromyalgia among women and the predominance of fibromyalgia trials in the current evidence base — which restricts
broader generalizability across chronic pain populations and to male patients. Majority of studies raised some concerns
regarding risk of bias, primarily due to limitations in outcome measurements with reliance on subjective self-reported
outcomes and inherent challenges of maintaining adequate blinding in hyperbaric interventions.

Choosing an optimal comparator remains a key methodological challenge for future research. Trials comparing
HBOT to standard care often reported large effect sizes but cannot adequately avoid expectation bias or placebo effects.
In contrast, sham-controlled designs provide greater internal validity yet face the difficulty of reproducing HBOT
sensations without exerting therapeutic pressurization or oxygen exposure. Sham protocols varied considerably across
studies (see Table 2), including exposure to ambient air, mild pressure, or altered oxygen fractions, some of which may
exert minor physiological effects. This heterogeneity and the difficulty of designing a sham that is both convincing and
physiologically inactive complicates interpretation of treatment-specific effects and may contribute to variability in
between-group findings.

Substantial heterogeneity in HBOT protocols further limits comparability across studies and prevents firm clinical
recommendations regarding optimal treatment regimens. Studies varied in treatment pressure (1.45 to 2.4 ATA), number
of sessions (10 to 60), session durations (60 to 120 minutes), patient populations, outcome measures, and comparator
conditions. None of the included trials were designed to directly compare different HBOT protocols, and therefore
observed differences in efficacy cannot be attributed to protocol characteristics alone. That said, some tentative patterns
can be discerned in fibromyalgia. Protocols using moderate pressure of approximately 2.0 ATA delivered over a higher
number of sessions (40 to 60 treatments) were most frequently applied and generally associated with large within-group
and between-group improvements in pain intensity, WPI, tender points, and PPT. However, positive within-group effects
of roughly similar magnitude were also observed in both lower-pressure, longer-duration protocols (eg 1.45 ATA, 40
sessions) and higher-pressure, shorter regimens (eg 2.4 ATA, 15 sessions). Therefore, exploratory comparison cannot
suggest a consistent dose-response relationship at this point and future trials comparing HBOT protocols are required
before evidence-based recommendations can be made.

Furthermore, in nearly all trials HBOT was delivered alongside participants’ ongoing chronic pain treatments (eg
pharmacological, physiotherapy, psychological support and multimodal rehabilitation). Many studies lacked reporting on
these concurrent therapies, as such, the observed improvements cannot be attributed exclusively to HBOT, and potential
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additive or synergistic effects remain unexplored. Future trials should clearly document or even standardize co-
interventions to enhance interpretability. Data on optimal timing for initiating HBOT is also lacking. One might expect
that earlier intervention in the disease course could have a greater chance of success, however this remains speculative.

From a safety perspective, HBOT does appear to have a generally favorable safety profile, with only mild and
transient side effects being reported. The most often observed adverse event was ear discomfort or mild middle-ear
barotrauma, often manageable with simple Valsalva maneuvers. Although rare, more severe complications, such as
pulmonary barotrauma (including pneumothorax, pneumomediastinum, or arterial gas embolism) and oxygen toxicity,
are however possible and have been described in the literature.®’*? Patients should therefore be informed of these
potential risks, and pre-treatment screening for cardiac or pulmonary conditions, typically by electrocardiogram and chest
x-ray, is often recommended.

Future Directions

To move the field of HBOT in chronic pain syndromes forward, there is a need for large, well-designed randomized
controlled trials that adopt standardized HBOT protocols, clearly defining optimal pressure, session duration, and total
number of treatments, to enable meaningful comparison across studies. Future trials should incorporate longer follow-up,
advanced sham protocols, and assessment of HBOT as adjunctive and standalone therapy and should explore the
influence of disease duration on treatment responsiveness. Incorporating neuroimaging and objective biomarkers may
clarify the mechanisms through which HBOT influences chronic pain and may help identify patients most likely to
benefit. Future research should also consider how the underlying pathophysiology of different chronic pain conditions
may influence treatment outcomes, to guide more targeted and mechanism-informed application of HBOT. Applying the
GRADE framework to future studies would allow evaluation of the certainty of evidence and provide clinicians with
more evidence-based recommendations,*® while cost-effectiveness analyses are needed given the current reimbursement
restrictions to determine HBOT’s feasibility and practical role within chronic pain management.

Conclusion

In summary, the current body of evidence suggests that HBOT may hold potential as a safe and useful addition to current
multimodal management strategies for selected chronic pain syndromes; however, the available data remain insufficient
to support firm conclusions. The existing literature is predominantly driven by fibromyalgia trials, limiting the general-
izability of findings to other chronic pain conditions. Evidence in CRPS and trigeminal neuralgia is more limited but
suggests possible benefit, whereas the single study in radiation-induced brachial plexopathy did not demonstrate mean-
ingful clinical improvement. Although some trials report improvements across multidimensional pain-related outcomes —
including pain intensity, distribution and sensitivity, as well as quality of life, global functional and psychological well-
being — superiority over sham remains inconsistent, and methodological limitations temper confidence in these findings.
Robust conclusions therefore require large, well-designed randomized controlled trials with standardized HBOT proto-
cols and clearly defined comparators before HBOT can be integrated in routine chronic pain management.
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