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Abstract
Background  Hyperbaric oxygen therapy (HBOT) has gained increasing interest in regenerative medicine for its 
capacity to enhance tissue oxygenation, reduce inflammation, and accelerate healing. While its use in musculoskeletal 
medicine is expanding, particularly among athletes and in sports orthopaedics, the clinical evidence base remains 
fragmented across indications and has not been systematically evaluated. 

Purpose  The aim of this systematic review was to synthesize the available clinical evidence for HBOT in human 
musculoskeletal pathologies, with focus on its application in orthopaedic medicine.

Methods  A systematic PubMed and LIVIVO search identified clinical studies (January 1996 - January 2026) 
investigating intervention-based studies using HBOT for musculoskeletal conditions in humans. Exclusion criteria were 
combinatory therapies, transplantations, radiation injuries, osteomyelitis, spine and oral surgery. Data on study design, 
HBOT protocols and their outcomes was collected. A qualitative synthesis was performed due to heterogeneity in 
study designs and outcome measures. Risk of bias was assessed using Cochrane RoB 2 tool (RCTs) and ROBINS-I V2 
(non-RCTs). Studies were categorized by pathology (muscle/tendons/ligament injury; avascular necrosis (AVN) and 
bone marrow edema (BME)).

Results  Nineteen studies involving 612 patients met our inclusion criteria. Conditions included exercise-induced 
muscle damage (EIMD) and its symptomatic manifestation delayed onset muscle soreness (DOMS), ligament 
injuries, AVN, BME, and tendon perfusion. Evidence for HBOT’s effects in DOMS/EIMD was limited, with RCTs showing 
no significant benefit. Conversely, AVN and BME studies reported consistent improvements in imaging, pain and 
functional scores, particularly with prolonged protocols. Limited evidence suggested potential benefits in ligament 
healing; tendon oxygenation effects were inconclusive. HBOT protocols ranged from 1 - 12 sessions for soft-tissue and 
20 - 80 sessions for bone injuries, mainly using 60 to 90 minute sessions with 100% oxygen. Adverse events were rare 
and mild. Most RCTs showed low risk of bias; non-randomized studies had serious-to-critical bias due to confounding 
and measurement issues.
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​​Background
Hyperbaric oxygen therapy (HBOT), the intermittent 
inhalation of 100% oxygen under pressures exceeding 1.3 
atmosphere absolute (ATA), has been utilized for over a 
century in various medical disciplines [1, 2].

Initially rooted in diving and wound management, 
slowly but surely an expanding interest as an effective 
adjunct in musculoskeletal medicine, particularly in 
sports orthopedics and regenerative rehabilitation, has 
been happening due to its support in potential accelera-
tion of healing and potential of oxygenation in under-
perfused tissue [3, 4]. In recent years, HBOT has gained 
traction among professional athletes, benefiting from its 
recovery-enhancing effects [5–9]. Athletes frequently 
suffer musculoskeletal injuries demanding rapid and 
complete recovery, intensifying the need for therapeu-
tic strategies that accelerate tissue repair and enable safe 
return to play [10]. HBOT, with its capacity to increase 
tissue oxygenation and modulate inflammation, has been 
proposed as one such strategy, also among the physically 
active working society [9, 11].

HBOT’s primary mechanism, namely elevating oxygen 
tension in hypoxic tissue, has been shown to stimulate 
angiogenesis, reduce inflammation, and accelerate cellu-
lar repair, offering theoretical benefits in soft tissue and 
bone healing [12, 13]. Given this, it also exerts therapeu-
tic effects through several mechanisms relevant to mus-
culoskeletal healing. By elevating oxygen partial pressure 
in plasma, HBOT enhances oxygen delivery to hypoxic 
or inflamed tissues, even in areas with poor perfusion 
such as tendons, cartilage, or ischemic bone [12, 13]. This 
oxygen surplus has been shown to promote angiogen-
esis, fibroblast proliferation, and collagen synthesis - key 
processes in tendon and ligament repair [14–16]. Pre-
clinical evidence has suggested potential HBOT effects 
across musculoskeletal tissues, though findings varied 
by tissue type and model [17]: In bone, HBOT seems to 
stimulate osteoblast activity, enhance mineralization, and 
upregulate pro-regenerative transcription factors like 
Runt-related transcription factor 2 (RUNX2) and Piezo1-
YAP signaling [18]. In muscle, it may reduce second-
ary damage through modulation of oxidative stress and 

inflammatory pathways, while improving mitochondrial 
function and vascular remodeling [15, 19, 20].

Therefore, the aim of this systematic review is to syn-
thesize the clinical evidence for application in common 
orthopedic problems. Given the increasing off-label and 
experimental use of HBOT in musculoskeletal rehabili-
tation [21], particularly in the athletic populations, this 
systematic review aims to consolidate existing evidence 
in human trials. It evaluates HBOT’s impact on clinical, 
imaging, and functional outcomes across various ortho-
pedic conditions to better define its therapeutic role, 
efficacy, and translational potential within sports and 
orthopedic medicine.

Methods
Search strategy
A systematic literature search was performed between 
January 2026 on the electronic databases of PubMed and 
LIVIVO (operated by ZB MED – Leibniz Information 
Centre of Life Sciences; search engine for life sciences 
literature and information including medicine, health, 
nutritional and environmental sciences) according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines (Fig. 1).

Clinical studies focusing on the effect of hyperbaric 
oxygen therapy (HBOT) on musculoskeletal tissues, 
namely bone, muscle, cartilage, tendon and ligament 
were included based on the following inclusion criteria: 
Clinical research articles published between January 1996 
and January 2026, articles written in English or German, 
single treatment with HBOT to improve musculoskeletal 
pathologies or show effects of HBOT on those tissues. 
Exclusion criteria were: Non-clinical study regardless 
of type; systematic reviews and meta-analyses, congress 
abstracts, articles written in other languages than Eng-
lish or German, studies with non-singular use of HBOT 
/ combination therapies (e.g. HBOT and Platelet-Rich 
Plasma (PRP)), studies involving transplantations, spi-
nal or oral/maxillofacial surgery, infections or radiation 
therapy. The term ‘long covid’ was explicitly excluded to 
prevent retrieval of the large volume of HBOT literature 

Conclusions  HBOT may have a role as an adjunctive therapy for musculoskeletal pathologies, especially AVN and 
BME, where the most consistent evidence was observed, while its benefit in ligament injuries, muscle recovery, and 
tendon pathology remains inconclusive and requires higher-quality trials to substantiate.

Clinical relevance  This topic is directly relevant to orthopaedic and sports medicine practitioners considering its 
off-label use. This review identifies conditions with the most consistent clinical benefit, highlights the limitations 
of current evidence, and defines priorities for future high-quality trials to guide safe and effective clinical 
implementation.

Study design  Systematic review.

Keywords  Hyperbaric oxygen therapy, Sports medicine, Muscle, Bone healing, Ligament healing
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pertaining to post-COVID rehabilitation, which falls out-
side the musculoskeletal scope of this review.

The following search strings were used for PubMed: 
(“hyperbaric oxygen therapy” OR “hyperbaric oxygen” OR 
“hyperbaric oxygenation” OR HBO OR HBOT OR hyper-
oxygenation OR “mild hyperbaric oxygen”) AND (muscle 
OR ligament OR ACL OR tendon OR cartilage OR bone 
OR fracture OR “avascular necrosis” OR osteomyelitis OR 
sport OR sports OR recovery OR “sports medicine” OR ath-
lete OR athletes) NOT (“long covid” OR “chronic wound” 
OR “carbon monoxide poisoning”) AND 1996:2024[dp] 
and 2. for LIVIVO: (“hyperbaric oxygen therapy” OR 
“hyperbaric oxygen” OR “hyperbaric oxygenation” OR 
HBO OR HBOT OR hyperoxygenation OR “mild hyper-
baric oxygen”) AND (muscle OR ligament OR ACL OR 
tendon OR cartilage OR bone OR fracture OR “avascu-
lar necrosis” OR osteomyelitis OR sport OR sports OR 
recovery OR “sports medicine” OR athlete OR athletes) 
AND PY="1996:2024” (including all Life Science data-
bases). After deduplication this led to 3,037 titles. The 
flow-chart reported in Fig.  1 describes the systematic 
review process on 6 January 2026.

All potentially relevant titles and abstracts were then 
screened by two epidemiologically trained researchers 
(LW, TT) who excluded irrelevant articles, while a third 
author (LH) was involved to remove any discrepancies. 
Two reviewers (LW, LH) reviewed each study individu-
ally. The study design was categorized, and a level of 
evidence was assigned based on Oxford Centre for Evi-
dence-Based Medicine (CEBM) recommendations. Dis-
agreement was solved by consensus.

The following information was extracted: authors, title, 
year of publication, study type, level of evidence, number 
of patients, anatomic region, type of treatment/ interven-
tion/ pathology, study concept, HBOT characteristics 
(chamber time in min, number of sessions, time period of 
sessions in days, oxygen level in %, amount of pressure in 
Atmosphere Absolute (ATA)), HBOT groups and control 
groups, main results and conclusions. Furthermore, each 
article was assigned to a corresponding subspecialty field. 
The following subspecialty fields were defined for that 
purpose: Exercise-Induced Muscle Damage or Injuries; 
Tendons and Ligaments Adaptation; Avascular Necrosis 
of the Femoral Head/Condyle and Bone Marrow Edema. 

Fig. 1  PRISMA flowchart of the study selection process [22]
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its symptomatic manifestation, delayed onset of mus-
cle soreness (DOMS) as well as acute soft tissue injury, 
mostly in athletes or healthy volunteers. The constructs 
of EIMD and DOMS are grouped together in this sec-
tion as the included studies evaluated them as part of the 
same recovery process, often measuring both simultane-
ously. These studies employed eccentric muscle loading 
models, including isolated leg extension or sport-specific 
muscle trauma protocols. HBOT sessions ranged from 
1 to 7 sessions, whereas 3–5 sessions were common 
(Table  1). The RCTs in this group were generally well-
conducted, with most showing low risk of bias.

Significant improvements were reported markers of 
inflammation and muscle damage in one pilot RCT [29], 
suggesting a potential anti-inflammatory effect of HBOT 
post-exercise.

But no significant benefits of HBOT were found in 
most RCTs [25–28, 30]. Pain, creatine kinase levels (CK), 
and recovery of muscle strength were largely unaffected 
by HBOT compared to controls. Kubo et al. showed no 
improved muscle perfusion using near infrared spectros-
copy (NIRS) [31].

Effects on tendons and ligaments
The above mentioned study by Kubo et al., that investi-
gated acute and chronic circulatory effects of HBOT on 
tendons and muscles using NIRS, reported improved ten-
don perfusion and oxygenation especially after the longer 
experiment, using 12 sessions over 6 weeks with only 50% 
oxygen saturation [31]. The studies in this group were 
methodologically heterogeneous with two non-random-
ized studies carrying serious risk of bias.

Yagishita et al. observed faster return-to-play times and 
less pain in Japanese rugby athletes with medial collat-
eral ligament (MCL) injury, suggesting clinical benefits in 
ligament injuries after only 3–5 sessions though carrying 
serious risk of bias [32].

Similarly, Abbadi et al. reported complete pain and 
swelling resolution after seven HBOT sessions at 2.5 
Atmosphere Absolute (ATA) in acute ankle sprains, indi-
cating potential for accelerated ligament healing [33]. 
However, Borromeo et al. found no significant benefit 
of HBOT over air in functional recovery or return-to-
play time in a double-blind trial on ankle sprains [34] 
(Table 1).

Effects on avascular necrosis of the femoral head and 
condyle
Nine studies evaluated the effect of HBOT on AVN of 
the femoral head or condyle, including both early-stage 
lesions (Stage I/II) and chronic non-traumatic necrosis.

Retrospective cohorts consistently reported that 
HBOT stabilized or lessened the amount of edema in 
magnetic resonance imaging (MRI), reduced the need for 

A qualitative narrative synthesis was performed instead 
of a quantitative meta-analysis due to heterogeneity 
in study designs, HBOT protocols, and outcome mea-
sures. Studies were grouped by pathology category for 
synthesis.

The risk of bias of the included studies was assessed 
with two validated tools, depending on the study design. 
For randomized controlled trials (RCTs), the revised 
Cochrane Risk of Bias tool for randomized trials (RoB 2), 
which evaluates five domains, was applied. Each domain 
was rated as low risk, some concerns, or high risk [22]. 
For non-randomized studies, The Risk of Bias in Non-
randomized Studies – of Interventions, Version 2 (ROB-
INS-I V2) assessment tool, which covers seven domains, 
was used. Each domain was rated as low risk, moderate 
risk, serious risk or critical risk [23]. Assessments were 
conducted independently by two reviewers, with dis-
agreements resolved through discussion.

This review was not prospectively registered, and 
no formal review protocol was prepared prior to 
commencement.

Results
Study characteristics
This systematic review included 19 studies investigat-
ing the effects of hyperbaric oxygen therapy (HBOT) on 
musculoskeletal conditions in human subjects, selected 
from a total of 3035 published articles (Fig. 1). A total of 
612 patients were included across all studies, with sample 
sizes ranging from 12 to 73 participants or patients. The 
studies addressed a range of clinical conditions, includ-
ing exercise-induced muscle damage (EIMD), delayed 
onset muscle soreness (DOMS) – as symptomatic con-
sequence, medial collateral ligament (MCL) injuries, 
ankle sprains, bone marrow edema (BME), and avascular 
necrosis (AVN) of the femoral head or condyle.

Patient demographics were inconsistently reported 
across studies. Age ranged widely, from pediatric popu-
lations in AVN studies to middle-aged and older adults 
in bone marrow edema cohorts, reflecting the heteroge-
neous clinical conditions investigated. Sex was explicitly 
reported in all studies with predominance of male ath-
letes in muscle and ligament studies and the mixed sex 
distribution in bone studies.

Most studies were Level 2 or Level 3 evidence, with 7 
randomized controlled trials (RCTs) and 12 cohort or 
comparative studies. HBOT protocols varied widely, with 
treatment pressures ranging from 1.3 to 2.5 ATA, session 
durations from 60 to 240 min, and total number of ses-
sions ranging from 1 to over 130.

Effects on exercise-induced muscle damage or injuries
Seven studies examined the effect of HBOT on muscle 
recovery following exercise-induced damage (EIMD) or 
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Author Title Year Study 
Type

LOE N anatomic region / 
study concept

HBOT 
Group

Control 
Groups

Results Key 
Conslusions

Babul S et 
al. [24]

Effects of 
intermittent 
exposure to 
hyperbaric 
oxygen 
for the 
treatment 
of an acute 
soft tissue 
injury.

2003 RCT 2 16 Subjects performed 
300 maximal voluntary 
eccentric contractions 
of nondominant leg 
at a slow speed on a 
dynamometer to elicit 
muscle damage and 
injury.

2.0 ATA 
/ 60 min 
/ 4 
sessions 
/ 100% 
Ox

1,2 ATA / 
60 min / 4 / 
21%

Analyses revealed no sig-
nificant differences between 
groups for treatment effects 
for any of the dependent 
variables (pain, strength, 
quadriceps circumference, 
CK, malondialdehyde, or 
MRIs).

HBOT is not 
effective in 
the treatment 
of exercise-
induced 
muscle injury 
as indicated 
by the mark-
ers evaluated.

Webster 
AL et al. 
[25]

Effects of 
hyperbaric 
oxygen on 
recovery 
from 
exercise-
induced 
muscle 
damage in 
humans.

2002 RCT 2 12 Strenuous eccentric 
exercise protocol de-
signed to elicit muscle 
damage within M. gas-
trocnemius, received 
either HBOT or mild 
HBOT afterwards

2,5 ATA 
/ 60 min 
/ 3 
sessions 
/ 100% 
Ox

1.3 ATA / 
60 min / 3 / 
21%

There was little evidence 
of a difference in recovery 
rate between the HBOT 
and CG. Faster recovery was 
observed in the HBOT group 
only for isometric peak 
torque and pain sensation 
and unpleasantness.

HBOT cannot 
be recom-
mended as 
an effective 
method of 
treatment of 
this form of 
muscle injury.

Harrison 
BC et al. 
[26]

Treatment 
of exercise-
induced 
muscle 
injury via 
hyperbaric 
oxygen 
therapy.

2001 Non-
ran-
dom-
ized-
con-
trolled 
cohort 
study

3 21 6 sets of eccentric 
repetitions with load 
equivalent to 120% of 
concentric maximum 
were performed; 
forearm flexor CSA and 
T2 relaxation time via 
MRI, isometric strength 
and rating of perceived 
soreness of the forearm 
flexors and serum CK

2,5 ATA / 
100 min 
/ 5 
sessions 
/ 100% 
Ox

1 CG with-
out HBOT; 1 
group with 
delayed 
HBOT: 
2,5 ATA / 
100 min / 4 / 
100%

Baseline CSA values were 
similar across groups. All 
groups showed significant 
CSA increases with no group 
differences. T2 relaxation 
times also increased signifi-
cantly without differences 
between groups. Isometric 
strength, serum CK levels, 
and perceived soreness 
confirmed muscle injury in 
all groups, with no signifcant 
differences.

HBOT was 
not effec-
tive in the 
treatment 
of exercise-
induced 
muscle injury 
as indicated 
by the mark-
ers evaluated.

Mekjavic 
IB et al. 
[27]

Hyperbaric 
oxygen 
therapy 
does not 
affect 
recovery 
from de-
layed onset 
muscle 
soreness.

2000 RCT 2 24 Test maximal isometric 
strength (preexercise) 
of elbow flexors after 
high-force eccentric 
workout of the elbow 
flexor muscle group to 
induce DOMS; mea-
surements: max. iso-
metric muscle strength 
of elbow flexor muscles, 
upper arm circumfer-
ence, transcutaneous 
pO2 and rating muscle 
soreness.

2,5 ATA 
/ 60 min 
/ 7 
sessions 
/ 100% 
Ox

2,5 ATA / 
60 min / 7 
/ 8%

Isometric strength decreased 
significantly from preexercise 
levels to postexercise levels 
for the HBOT group for the 
placebo group. Over the 
10-d recovery period, there 
was no difference in the 
rate of recovery of muscle 
strength between the two 
groups. Perceived soreness 
peaked at about 48 h after 
exercise with no difference 
between groups. Also, the 
exercise-induced increases 
in arm circumference were 
similar in the two groups.

HBOT is not 
an effective 
therapy for 
the treatment 
of DOMS.

Table 1  Effects of hyperbaric oxygen therapy in exercise-induced muscle damage or injuries
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joint replacement, and led to good patient-reported out-
comes [35–40]. Clinical scores (Oxford Hip/Knee Score, 
Short Form 12 Dimensions (SF-12), Western Ontario and 
McMaster Universities Arthritis Index (WOMAC)-Score, 
modified Harris Hip Score) improved in most cases [35, 
38, 41, 42]. Treatment protocols were typically long, with 
25 to 135 sessions, highlighting the chronic nature of 
AVN and the potential requirement for extended HBOT 
protocols (Table  2). It should be noted that most AVN 
studies were retrospective observational cohorts, Chan-
drinou et al. Being a prospective observational study, 

rated as having serious to critical risk of bias, primarily 
due to confounding and absence of control groups.

One cohort study showed a comparable outcome of 
HBOT to core decompression [37].

With an eye on pediatric cases, Chandrinou et al. and 
Scherer et al. provided observational support for HBOT 
in AVN, showing improved quality of life and radio-
graphic stabilization in the younger population, too [42, 
43].

The Currie et al. study provided long-term observa-
tional data over 30 years, though the specific HBOT 

Author Title Year Study 
Type

LOE N anatomic region / 
study concept

HBOT 
Group

Control 
Groups

Results Key 
Conslusions

Staples JR 
et al. [28]

Effects of 
hyperbaric 
oxygen on 
a human 
model of 
injury.

1999 RCT 2 66 AR: muscle / SC: 
untrained subjects 
underwent muscle 
soreness induction 
and were then treated 
with HBOT; recovery 
was measured using a 
leg dynamometer to 
assess eccentric torque 
and visual analog pain 
scales was used to track 
pain perception

2.0 ATA 
/ 60 min 
/ 5 
sessions 
/ 100% 
Ox; 
(treat-
ments 
at 0, 24, 
48 h; 
sham 
at 72, 
96 h)

Delayed 
HBOT G: 
sham at 0, 
24 h; then 
HBOT at 48, 
72, 96 h
sham G: 1.2 
ATA / 60 min 
/ 5 / 21%;
CG: no 
treatment

HBOT enhanced quadriceps 
torque recovery after DOMS 
but did not significantly 
reduce pain. Phase 1 showed 
greater eccentric torque 
recovery in the HBOT group, 
and Phase 2 confirmed su-
perior recovery after 5 days 
of HBOT compared to sham 
treatment.

HBOT 
enhances 
the recovery 
of muscle 
strength fol-
lowing DOMS 
but does not 
significantly 
reduce pain 
percep-
tion. Findings 
suggest that 
HBOT may be 
a useful tool 
for improving 
muscle func-
tion recovery 
after EIMD, 
though ef-
fects on pain 
relief remain 
inconclusive.

Woo J et 
al. [29]

Effects of 
Hyperbaric 
Oxygen 
Therapy on 
Inflam-
mation, 
Oxidative/
Antioxidant 
Balance, 
and Muscle 
Damage 
after Acute 
Exercise in 
Normo-
baric, Nor-
moxic and 
Hypobaric, 
Hypoxic 
Environ-
ments: A 
Pilot Study.

2020 Pilot 
RCT

2 18 Participants exercised, 
divided randomly to 
Gs. G1: HBOT after ex-
ercising in normobaric, 
normoxic conditions 
(= HNN), G2: HBOT after 
exercising in hypobaric, 
hypoxic conditions 
(= HHH). Blood samples 
measured inflamma-
tion, oxidative stress, 
and muscle damage.

2.5 ATA 
/ 60 min 
/ 1 
session 
/ 100% 
Ox

1 CG with-
out HBOT

Exercise significantly 
increased markers of inflam-
mation and muscle damage 
(fibrinogen, IL-6, CK, LDH) 
across all groups. HBOT effec-
tively reduced these markers, 
particularly in the HNN and 
HHH groups, though some 
markers remained elevated 
compared to baseline.

Exercise 
induced 
inflammation 
and muscle 
damage, 
regardless 
of environ-
ment. HBOT 
effectively re-
duced these 
effects during 
recovery.

Abbreviations: AR, anatomic region, ATA Atmosphere Absolute, CG control group, CK creatine kinase, CSA cross-sectional area, DOMS delayed onset muscle soreness, 
EIMD exercise-induced muscle damage, G group, HBOT Hyperbaric oxygen therapy, IL-6 interleukin-6, LDH lactate dehydrogenase, LOE Level of evidence, M. muscle, 
MCL medial collateral ligament, max. maximum, MRI magnetic resonance imaging, N number, NIRS near-infrared spectroscopy, Ox Oxygen, d day, RCT randomized 
controlled trial, SC study concept, St02 oxygen saturation, THb blood volume, VAS visual analogue scale

Table 1  (continued) 
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Author Title Year Study Type LOE N anatomic region 
/ study concept

HBOT 
Data

Control 
Groups

Results Key 
Conslusions

Kubo K et 
al. [31]

Acute 
and 
chronic 
effects of 
hyper-
baric 
oxygen 
therapy 
on blood 
circula-
tion of 
human 
muscle 
and 
tendon 
in vivo.

2012 Non-randomized 
intervention-study

3 12 AR: tendon and 
muscle / SC: 
investigation on 
how HBOT acute-
ly and chronically 
affects blood 
circulation (blood 
volume and oxy-
gen saturation) 
in human muscle 
and tendon in 
vivo, using NIRS 
for muscle and 
red laser light 
technology for 
tendon.

1.3 ATA 
/ 60 min 
/ 1 or 12 
ses-
sions/ 
50% Ox

no CG Oxygen saturation of the ten-
don increased during HBOT 
while muscle oxygenation 
remained unchanged. After six 
weeks, resting blood volume 
and tendon oxygen saturation 
decreased, but muscle values 
did not. In experiment 1, THb 
of the muscle increased, but 
StO2 remained stable, where-
as both THb and StO2 of the 
tendon increased. In experi-
ment 2, the response patterns 
were similar across sessions. 
After six weeks, resting THb 
and StO2 of the tendon were 
lower, but muscle values 
remained unchanged.

Oxygen 
saturation of 
the tendon 
increased 
during hy-
perbaric oxy-
gen therapy, 
while muscle 
oxygenation 
remained 
unchanged. 
After six 
weeks, rest-
ing tendon 
oxygen 
saturation 
decreased. 
Lower 
pressure 
and oxygen 
density may 
be sufficient 
for effective 
therapy.

Yagishita 
K et al. 
[32]

Effects of 
hyper-
baric 
oxygen 
therapy 
on 
recovery 
accel-
eration in 
Japanese 
profes-
sional or 
semi-
profes-
sional 
rugby 
players 
with 
grade 
2 MCL 
injury of 
the knee: 
A com-
parative 
non-ran-
domized 
study.

2019 Comparative non-
randomized study

3 32 Rugby players 
with grade 2 
MCL injuries 
were studied. In 
the HBOT group 
therapy began 
immediately. 
Same-day VAS 
scores were 
compared 
before and after 
HBOT. Return-
to-play time 
was retrospec-
tively evaluated 
between HBOT 
and non-HBOT 
groups.

2.8 
ATA / 
60 min / 
4.6 ± 0.7 
(3–5) 
sessions 
/ 100% 
Ox

1 CG 
without 
HBOT

VAS scores for walking and 
jogging pain improved signifi-
cantly after HBOT (p < 0.001). 
Return-to-play time was 
shorter in the HBOT group 
(31.4 ± 12.2 days) than in the 
non-HBOT group (42.1 ± 15.8 
days, p < 0.05). Early HBOT (≤ 2 
days) led to faster recovery 
(27.9 ± 9.3 days) than delayed 
HBOT (39.0 ± 13.1 days), 
but the difference was not 
significant.

HBOT may 
reduce pain 
and acceler-
ate the re-
turn to play 
in athletes 
with grade 
2 MCL injury 
of the knee 
in this non-
randomized 
study.

Table 2  Effects of hyperbaric oxygen therapy in tendons, ligaments and muscles
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protocol and control group details were not reported in 
sufficient detail; this study was retained as it contributed 
relevant long-term outcome data in this narrative synthe-
sis context (Table 3).

In total, these results suggest that HBOT may delay dis-
ease progression in AVN, especially when applied in early 
stages, and could represent a viable non-surgical treat-
ment option.

Effects on bone marrow edema
Two studies assessed the role of HBOT in BME of the 
hip and knee using 20 and 40 HBOT sessions [35, 41] 
(Table 2). Both BME studies carried serious risk of bias.

Both studies reported significant radiological improve-
ment in edema volume and pain reduction, particularly 
when HBOT was added to standard therapy like bisphos-
phonates. The session duration for Ozturan et al. was not 

explicitly reported in the original publication and could 
not be retrieved [35].

MRI-based endpoints showed volumetric improvement 
after 30–40 sessions of 2.5 ATA treatments (Table 2).

These findings support the use of HBOT as an adjunc-
tive therapy for BME, particularly in patients with persis-
tent pain or failed conservative therapy.

Adverse effects
No study reported serious adverse events, though mild 
middle ear or sinus barotrauma was noted in 3 patients 
[36].

Risk of bias
Among the seven RCTs assessed with the revised 
Cochrane Risk of Bias tool for randomized trials (RoB 2), 
six studies were judged to have a low overall risk of bias. 
One study, Capone et al., was assessed as having some 

Author Title Year Study Type LOE N anatomic region 
/ study concept

HBOT 
Data

Control 
Groups

Results Key 
Conslusions

Abbadi et 
al. [33]

The role 
of Hy-
perbaric 
Oxygen 
in man-
aging 
ankle 
sprains

2003 RCT 2 36 Patients with 
acute ankle 
sprains, devided 
into 3 groups, 
then different 
HBOT pressures 
over 5 days.

G2: 2 
ATA, G3: 
2.5 ATA 
/ 90 min 
/ 7 
sessions 
/ 100% 
Ox

1 CG 
(G1) 
with 
HBOT at 
1 ATA

Pain and swelling improved 
significantly in patients treat-
ed with HBOT at 2.5 ATA, with 
complete resolution by final 
session. Edema reduction was 
greater with 2.5 (97%) than 2.0 
(80%) and 1.0 ATA (30%). No 
significant improvement was 
observed in the CG. Pain relief 
was reported from first session 
in both HBOT groups, with 
complete pain resolution by 
third session at 2.0 ATA.

Hyperbaric 
oxygen ther-
apy is the 
best choice 
for the rapid 
recovery of 
acute ankle 
sprain.

Borromeo 
et al. [34]

Hyper-
baric 
Oxygen 
Therapy 
For Acute 
Ankle 
Sprains

1997 Randomized 
double-blinded 
Controlled Trial

2 32 Patients with 
acute lat-
eral ankle sprains 
were randomized 
within 72 h to 
HBOT or CG. Both 
groups received 
three chamber 
sessions over 7 
days. Ankle func-
tion, pain, edema, 
and return-to-
play time were 
assessed.

2.0 ATA 
/ 90 and 
60 min 
/ 3 
sessions 
/ 100% 
Ox

1 CG 
(G1) 
with 
HBOT at 
1.1 ATA

Ankle function improved in 
both groups, with a greater 
change in the HBOT group 
(Δ = 5.9 ± 0.4) than CG 
(Δ = 4.5 ± 0.5, p < 0.05). Final 
function scores were not 
significantly different. Pain 
and edema decreased simi-
larly in both groups, with no 
significant differences. Range 
of motion improved equally. 
Time to full recovery was 
comparable (HBOT: 16.0 ± 6.3 
days; control: 15.4 ± 2.8 days). 
Regression analysis identified 
initial injury severity and age, 
but not HBOT, as significant 
predictors of recovery time. 
Recovery occurred within 
15–16 days in both.

HBOT did 
not improve 
recovery 
outcomes 
compared to 
air exposure 
in acute 
ankle sprains. 
Both groups 
regained 
full function 
within 15–16 
days, with 
age and 
injury sever-
ity being 
the only 
predictors 
of recovery 
time.

Kubo et al. (2012) [31] is included in this table rather than Table 1 as the study simultaneously examines HBOT effects on both tendon and muscle blood circulation, 
reflecting its thematic overlap with the connective tissue studies in this group

Abbreviations: AR anatomic region, ATA Atmosphere Absolute, CG control group, G group, HBOT Hyperbaric oxygen therapy, LOE Level of evidence, MCL medial 
collateral ligament, N number, NIRS near-infrared spectroscopy, Ox Oxygen, RCT randomized controlled trial, SC study concept, St02 oxygen saturation, THb blood 
volume, VAS visual analogue scale

Table 2  (continued) 
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concerns [41], primarily due to uncertainties in the selec-
tion of reported results (Figs. 2 and 3).

Twelve non-randomized studies assessed with the Risk 
of Bias in Non-randomized Studies - of Interventions, 
Version 2 assessment tool (ROBINS-I V2) were found 
to have a serious risk of bias, mainly due to confounding 
and measurement issues. One study, Ozturan et al., was 
rated as having a critical risk of bias [35], and was consid-
ered at high risk of yielding unreliable conclusions.

Discussion
The results of this study show, that HBOT was used 
across a spectrum of conditions ranging from acute soft 
tissue injuries and ligament sprains to chronic degen-
erative bone disorders. Thereby, HBOT shows the most 
consistent clinical benefit in bony pathologies such as 
AVN and BME, where prolonged treatment protocols 
appear to improve radiological outcome measures, pain 
and functional outcomes. By contrast, evidence for its 
effectiveness in exercise-induced muscle damage (EIMD) 
remains limited and inconclusive, with most randomized 
controlled trials reporting no significant advantage over 
controls. Potential benefits were observed in ligament 
healing, particularly with short-term protocols, while 
findings regarding tendon perfusion were variable.

This systematic review is, to our knowledge, the first to 
comprehensively evaluate the effects of HBOT on mus-
culoskeletal injuries in human subjects. Across 19 stud-
ies, our analysis revealed mixed but promising evidence. 
While certain clinical conditions benefit from HBOT, 
the overall clinical utility remains inconsistent, especially 
when contrasted with the robust and uniform findings 
from basic science.

Preclinical evidence suggests a potential role for HBOT 
in musculoskeletal healing, though findings varied by 
tissue type, injury model, and methodological quality 
[17]. Across these preclinical and mechanistic studies, 
reported improvements spanned angiogenesis and vas-
cular remodeling, collagen synthesis and extracellular 
matrix organization, satellite cell activation and muscle 
regeneration, bone remodeling and mineralization, and 
modulation of inflammatory pathways, though the mag-
nitude and consistency of these effects varied by tissue 
type and experimental model [45–49]. Some preclinical 
evidence suggested potential benefits in muscle regen-
eration following contusion injury [15, 49], extracellular 
matrix remodeling and neovascularization in ligament 
and tendon models [50, 51], and enhanced bone forma-
tion and mineralization in fracture and distraction osteo-
genesis models [47, 52, 53]. Cartilage repair, traditionally 
considered challenging, showed accelerated early healing 
with HBOT in two studies [54, 55]. These findings pro-
vide a biological rationale for investigating clinical appli-
cations in acute muscle injuries, ligament reconstruction, 
tendinopathy, bone fractures, avascular necrosis, and 
early osteochondral lesions, as often seen in sports ortho-
pedic cases. However, clinical translation of these find-
ings remains variable. The biological mechanisms have 
not yet translated into uniform clinical benefit across all 
musculoskeletal indications.

One likely reason is the lack of clearly defined clinical 
indications and standardized HBOT protocols. While 
HBOT is well-established in indications such as dia-
betic wound healing and decompression sickness [56], 
its application in musculoskeletal medicine remains 
off-label and inconsistently applied [21]. In this review, 

Fig. 2  Risk of bias assessment for RCTs using RoB 2 tool [44]
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HBOT was used for a wide range of indications, includ-
ing muscle soreness, ligament injuries, and bone condi-
tions like AVN and BME. Treatment protocols varied 
substantially, with session counts ranging from a single 
exposure to over 130 sessions, pressures between 1.3 and 
2.5 Atmosphere Absolute (ATA), and durations of 60 to 
120  min (Tables  1 and 2). While short-term protocols 
were frequently used in athletic recovery and ligament 
injuries, chronic bone conditions typically used more 
prolonged exposure times. This variability complicates 
comparisons and underscores the need for consensus on 
optimal dosing, timing, and patient selection to maxi-
mize clinical benefits. The lack of standardization in the 
clinical trials might partly contribute to the inconsistent 
outcomes observed across different indications.

A specific example is the limited efficacy seen in stud-
ies on exercise-induced muscle damage (EIMD). Notably, 
these findings in muscle recovery come predominantly 
from RCTs with lower risk of bias, lending them compar-
atively more reliability than the positive signals observed 
in observational bone studies. On the other hand, the 
included trials administered only 1 to 5 HBOT sessions, 

typically ranging between 60 and 90 min (Table 1), which 
is far below the clinical standard of 20 to 40 sessions 
required to achieve lasting sustained tissue oxygenation 
effects [57, 58]. In contrast, studies investigating HBOT 
in AVN or BME used more extended protocols, demon-
strating significant improvements in imaging and clini-
cal outcomes (Table  2). However, as all AVN and BME 
studies were retrospective observational cohorts with 
serious to critical risk of bias, these findings should be 
interpreted as hypothesis-generating rather than con-
clusive. This suggests that short-term HBOT might be 
insufficient to trigger regenerative pathways in mus-
culoskeletal tissues, particularly in muscle, which may 
require prolonged exposure to hyperoxia to activate sat-
ellite cells or modulate inflammation effectively [17]. On 
the other hand, HBOT plays a major role in hypoxic tis-
sue areas, which generally does not include muscle as a 
well-vascularized tissue [48]. This variability also reflects 
in the two studies on ankle sprains. While Abbadi et al. 
reported complete resolution of pain and swelling after 
seven HBOT sessions at 2.5 ATA in acute ankle sprains 
[33], Borromeo et al. found no significant functional 

Fig. 3  Risk of bias assessment for non-randomized studies using ROBINS-I V2 tool [44]
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improvement compared to control when using only three 
sessions [34]. These findings emphasize how dosage and 
timing may critically influence clinical outcomes.

Mechanistically, HBOT enhances oxygen delivery even 
in poorly perfused tissues such as cartilage and tendons 
[12, 13, 50, 59, 60]. Animal studies suggest that this can 
stimulate collagen synthesis, angiogenesis, and extra-
cellular matrix remodeling [51, 54], effects that may 
help mitigate degenerative changes and delay the onset 
of osteoarthritis. Despite its massive socio-economic 
burden and high prevalence in aging athletic and work-
ing populations, only one clinical study in our review 
addressed early osteoarthritic changes through the treat-
ment of bone marrow edema, suggesting HBOT may play 
a role in disease modification when administered early 
[35].

This potential mechanism is supported by preclini-
cal data: it has been shown to inhibit the High mobility 
group box 1 (HMGB1) / receptor for advanced glycation 
end products (RAGE) signaling pathway by upregulat-
ing miR-107 in osteoarthritic chondrocytes, thereby 
reducing inflammation and cartilage degradation [61]. 
Additionally, Wang et al. demonstrated that HBOT sup-
pressed H-type angiogenesis in the subchondral bone by 
enhancing Prolyl Hydroxylase Domain Protein 2 (PHD2) 
expression and downregulating Hypoxia-inducible fac-
tor (HIF)-1α and vascular endothelial growth factor A 
(VEGFA), a mechanism linked to osteoarthritis progres-
sion [53].

As the interest in HBOT grows, so too does the need 
for structural integration in clinical settings. A registry 
system for HBOT, as proposed by Harlan et al., may sup-
port standardized data collection, patient selection, and 
protocol refinement [57]. Moreover, technological inno-
vations such as portable HBOT chambers, already in use 
for emergency conditions like carbon monoxide (CO) 
poisoning, could expand access to outpatient or sports 
field applications in the future [62].

In modern sports medicine, optimizing recovery is 
more critical than ever [6]. In recent years, HBOT has 
gained traction among professional athletes, benefit-
ing from its recovery-enhancing effects, Cristiano Ron-
aldo being one of the most widely cited examples [6–8, 
32, 63–66]. Further these demands extend beyond elite 
performance in today’s working society. The use for 
accelerated recovery after musculoskeletal injury may be 
relevant across all physically active populations and their 
workplace as well [11, 67, 68].

Combination therapies also offer exciting prospects. 
Though excluded from this narrative synthesis, preclini-
cal models have shown synergistic effects of HBOT with 
platelet-rich plasma (PRP) and bone marrow concentrate 
on osteochondral and bone repair [69–71]. Anti-inflam-
matory co-treatments such as ozone and HBOT have 

also shown promise in soft tissue injury models [72, 73]. 
In surgical settings in animal models, HBOT has been 
shown to support graft maturation and tendon-to-bone 
healing in anterior cruciate ligament (ACL) reconstruc-
tion models [60, 74, 75], and this principle could be trans-
ferred to post-operative protocols in human athletes.

Additionally given the high socioeconomic burden of 
osteoarthritis [76] and the relatively favorable cost pro-
file of HBOT, its potential as a preventive or modifying 
therapy merits further investigation [77]. Given HBOT’s 
cost-effectiveness and minimal side effects [78], this war-
rants further investigation in orthopedic preventive care.

The methodological quality of the included studies was 
heterogenous. The randomized controlled trials (RCTs) 
were generally well-conducted, with six of seven show-
ing a low risk of bias according to the revised Cochrane 
Risk of Bias tool for randomized trials (RoB 2) [22]. This 
increases the confidence in the internal validity of their 
findings. However, the presence of “some concerns” in 
one trial highlights the importance of protocol registra-
tion and transparent outcome reporting. In contrast, all 
non-randomized studies showed serious or critical risk 
of bias when assessed using Risk of Bias in Non-random-
ized Studies – of Interventions, Version 2 assesment tool 
(ROBINS-1-V2) [23]. Most concerning was the consis-
tent presence of serious confounding, which is especially 
problematic in studies lacking statistical adjustment or 
using historical controls. Additionally, deficiencies in the 
classification of interventions and the measurement of 
outcomes contributed to further bias risk. These issues 
limit the interpretability of the non-randomized evidence 
and should temper any conclusions drawn from these 
data.

In future research, efforts should be made to reduce 
bias by using robust prospective designs, employing ade-
quate control groups, and clearly defining interventions 
and outcome measures. Only through such high-quality 
clinical trials can we bridge the gap between promising 
basic science and effective clinical application in muscu-
loskeletal medicine.

Limitations
Limitations of this systematic review include the con-
siderable variability in the HBOT protocols among the 
included studies, ranging from 1 to over 130 sessions and 
pressures between 1.3 and 2.5 ATA. Many studies lacked 
blinding or long-term follow-up. Particularly in condi-
tions such as AVN, short treatment durations may fail to 
reflect the requirements for chronic remodeling. More-
over, outcome measures were inconsistent across studies, 
with few assessing functional return to sport or work.

Another limitation that needs to be mentioned is the 
lack of the protocol being registered in PROSPERO 
and a predefined protocol, which may theoretically 
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have introduced risks of selective inclusion or post hoc 
interpretation of findings. However, all eligibility cri-
teria are explicitly defined in the methods section, and 
all outcomes including null and negative findings are 
transparently reported, mitigating these concerns. 
No meta-analysis was planned and performed, due to 
the lack of homogenous data and no formal grey lit-
erature search was conducted. The narratively sum-
marized review is more comparable to an evidence 
synthesis rather than independent prospective research. 
Future updates of this review need to be prospectively 
registered.

Two included studies reported incomplete protocol 
details: Currie et al. (2024) did not report HBOT pres-
sure, session duration, or control group characteristics 
[36], and Ozturan et al. (2023) did not report session 
duration [35]. As no quantitative pooling was performed, 
these omissions did not affect the synthesis but limit 
the comparability of these studies with the remaining 
evidence.

The predominance of male athletes in muscle and liga-
ment studies and the mixed or unreported sex distribu-
tion in bone studies limits the generalizability of findings 
across sexes.

Another limitation is the search restricted to PubMed 
and LIVIVO. While LIVIVO aggregates content from 
MEDLINE and additional life science databases, the 
omission of other big databases represents a limitation 
that may have resulted in missed studies, particularly 
given the sports medicine focus of this review. Future 
updates should incorporate these databases like Embase 
or SPORTDiscuss.

Publication bias cannot be excluded. The consistently 
positive findings across AVN and BME studies, all of 
which were observational in design, may overestimate 
the true treatment effect if negative or null results in 
these conditions remain unpublished.

Conclusion
Hyperbaric oxygen therapy (HBOT) demonstrates 
promising therapeutic potential for selected musculo-
skeletal conditions, particularly early-stage avascular 
necrosis, bone marrow edema, and ligament injuries. 
However, clinical evidence remains heterogeneous, and 
its optimal role in musculoskeletal medicine is yet to be 
clearly defined. To better understand and make use of its 
regenerative capacity, future studies must focus on stan-
dardized treatment protocols, robust trial designs, and 
long-term functional outcomes, as well as exploring pos-
sible synergies with established and emerging regenera-
tive interventions.

Abbreviations
ACL	� Anterior cruciate ligament
AON	� Aseptic osteonecrosis

AR	� Anatomic region
ATA	� Atmosphere Absolute
AVN	� Avascular necrosis
AVNFH	� Avascular Necrosis of Femoral Head
BME	� Bone marrow edema
CD	� Core decompression
CEBM	� Oxford Centre for Evidence-Based Medicine
CG	� Control group
CK	� Creatine kinase
CO	� Carbon monoxide
CSA	� Cross-sectional area
DOMS	� Delayed onset muscle soreness
EIMD	� Exercise-induced muscle damage
G	� Group
HBOT	� Hyperbaric oxygen therapy
HIF-1α	� Hypoxia-inducible factor
HMGB1	� High mobility group box 1
IL-6	� Interleukin-6
LDH	� Lactate dehydrogenase
LOE	� Muscle
MCL	� Medial collateral ligament
max.	� Maximum
mHHS	� Modified Harris Hip Score
miR-107	� MicroRNA-107
MRI	� Magnetic resonance imaging
N	� Number
NIRS	� Near-infrared spectroscopy
NSAID	� Non steroidal anti-inflammatory drugs
OKS	� Oxford Knee Score
Ox	� Oxygen
PHD2	� Prolyl Hydroxylase Domain Protein 2
PRISMA	� Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
PRP	� Platelet-Rich Plasma
RAGE	� Receptor for advanced glycation end products
RCT	� Randomized controlled trial
RoB 2	� Risk of Bias tool for randomized trials
ROBINS-I V2	� The Risk of Bias in Non-randomized Studies – of Interventions, 

Version 2
RUNX2	� Runt-related transcription factor 2
SC	� Study concept
SF-12	� Short Form 12 Dimensions
sign.	� Significant
StO2	� Oxygen saturation
THb	� Blood volume
VAS	� Visual analogue scale
VEGF	� Vascular endothelial growth factor
VEGFA	� Vascular endothelial growth factor A
WOMAC	� Western Ontario and McMaster Universities Arthritis Index

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​8​9​1​-​0​2​6​-​1​0​2​5​4​-​9​​​​​.​​

Supplementary Material 1.

Acknowledgements
We acknowledge financial support from Deutsche Forschungsgemeinschaft 
and Friedrich-Alexander-Universität Erlangen-Nürnberg within the funding 
programme “Open Access Publication Funding.

Authors’ contributions
LW and TT designed the study, conducted the literature search, performed 
screening and data extraction, and analyzed the data. LH resolved 
discrepancies during screening and data extraction. LH and LS independently 
assessed the risk of bias for all included studies. MP proofreads the details of 
the process. All the authors read and approved the final manuscript.

https://doi.org/10.1186/s12891-026-10254-9
https://doi.org/10.1186/s12891-026-10254-9


Page 15 of 16Weinrich et al. BMC Musculoskeletal Disorders          (2026) 27:661 

Funding
Open Access funding enabled and organized by Projekt DEAL. None.

Data availability
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
All data from previously published studies are not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Clinic for Orthopaedics and Trauma Surgery, Malteser Waldkrankenhaus 
St. Marien, Erlangen, Germany
2Department of Orthopaedics, University Medical Centre Rostock, 
Rostock, Germany
3DIAKO Ev. Diakonie-Krankenhaus gemeinnützige GmbH, Bremen, 
Germany
4Department of Medicine 3 – Rheumatology and Immunology and 
Deutsches Zentrum für Immuntherapie (DZI), Friedrich- Alexander-
University Erlangen-Nürnberg and Universitätsklinikum Erlangen, 
Erlangen, Germany

Received: 20 May 2026 / Accepted: 16 July 2026

References
1.	 Camporesi E. Handbook on hyperbaric medicine: G. Oriani, A. Marroni, and F. 

Wattel, editors. Undersea And Hyperbaric Medicine. 1997;24:217.
2.	 Edwards ML. Hyperbaric oxygen therapy. Part 1: history and principles. J Vet 

Emerg Crit Care (San Antonio). 2010;20(3):284–8.
3.	 Jeyaraman M, Sami A, Nallakumarasamy A, Jeyaraman N, Jain VK. Hyperbaric 

Oxygen Therapy in Orthopaedics: An Adjunct Therapy with an Emerging 
Role. Indian J Orthop. 2023;57(5):748–61.

4.	 Moon R, Camporesi E. Hyperbaric oxygen therapy: from the nineteenth to 
the twenty-first century. Respir Care Clin N Am. 1999;5(1):1–5.

5.	 Moriarty R, editor. Cristiano Ronaldo splashes on hi-tech oxygen chamber to 
keep fit at home, The Sun. 03.01.2022 ed2023.

6.	 Aldanyowi SN, AlOraini LI. Personalizing Injury Management and Recovery: A 
Cross-Sectional Investigation of Musculoskeletal Injuries and Quality of Life in 
Athletes. Orthop Res Rev. 2024;16:137–51.

7.	 Gušić M, Stantić T, Lazić A, Andrašić S, Roelands B, Bogataj Š. Effects of hyper-
baric oxygen therapy on recovery after a football match in young players: a 
double-blind randomized controlled trial. Front Physiol. 2024;15:1483142.

8.	 Ishii Y, Deie M, Adachi N, Yasunaga Y, Sharman P, Miyanaga Y, et al. Hyperbaric 
oxygen as an adjuvant for athletes. Sports Med. 2005;35(9):739–46.

9.	 Kell RT, Bell G, Quinney A. Musculoskeletal fitness, health outcomes and qual-
ity of life. Sports Med. 2001;31(12):863–73.

10.	 Li S, Kempe M, Brink M, Lemmink K. Effectiveness of Recovery Strategies After 
Training and Competition in Endurance Athletes: An Umbrella Review. Sports 
Med Open. 2024;10(1):55.

11.	 Vlasveld MC, van der Feltz-Cornelis CM, Bültmann U, Beekman AT, van Mech-
elen W, Hoedeman R, et al. Predicting return to work in workers with all-cause 
sickness absence greater than 4 weeks: a prospective cohort study. J Occup 
Rehabil. 2012;22(1):118–26.

12.	 De Wolde SD, Hulskes RH, Weenink RP, Hollmann MW, Van Hulst RA. The 
Effects of Hyperbaric Oxygenation on Oxidative Stress, Inflammation and 
Angiogenesis. Biomolecules. 2021;11:8.

13.	 Jenwitheesuk K, Mahakkanukrauh A, Punjaruk W, Jenwitheesuk K, Chow-
chuen B, Jinaporntham S, et al. Efficacy of Adjunctive Hyperbaric Oxygen 
Therapy in Osteoradionecrosis. Biores Open Access. 2018;7(1):145–9.

14.	 Huang X, Liang P, Jiang B, Zhang P, Yu W, Duan M, et al. Hyperbaric oxygen 
potentiates diabetic wound healing by promoting fibroblast cell proliferation 
and endothelial cell angiogenesis. Life Sci. 2020;259:118246.

15.	 Yamamoto N, Oyaizu T, Enomoto M, Horie M, Yuasa M, Okawa A, et al. VEGF 
and bFGF induction by nitric oxide is associated with hyperbaric oxygen-
induced angiogenesis and muscle regeneration. Sci Rep. 2020;10(1):2744.

16.	 Guan Y, Niu H, Liu Z, Dang Y, Shen J, Zayed M, et al. Sustained oxygenation 
accelerates diabetic wound healing by promoting epithelialization and 
angiogenesis and decreasing inflammation. Sci Adv. 2021;7(35). ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​2​6​/​s​c​i​a​d​v​.​a​b​j​0​1​5​3​​​​​​​

17.	 Weinrich L, Tischer T, Schlesiger L, Pachowsky M, Hoos L. Effects of Hyperbaric 
Oxygen Therapy on Bone, Muscle, Cartilage, Tendon and Ligaments in Animal 
Studies: A Systematic Review. BMC Musculoskeletal Disorder. 2026.

18.	 Zhou H, Liu H, Lin M, Wang H, Zhou J, Li M, et al. Hyperbaric oxygen 
promotes bone regeneration by activating the mechanosensitive Piezo1 
pathway in osteogenic progenitors. J Orthop Translat. 2024;48:11–24.

19.	 Chiu CH, Chang SS, Chang GJ, Chen AC, Cheng CY, Chen SC, et al. The Effect 
of Hyperbaric Oxygen Treatment on Myoblasts and Muscles After Contusion 
Injury. J Orthop Res. 2020;38(2):329–35.

20.	 Bosco G, Yang ZJ, Nandi J, Wang J, Chen C, Camporesi EM. Effects of hyper-
baric oxygen on glucose, lactate, glycerol and anti-oxidant enzymes in the 
skeletal muscle of rats during ischaemia and reperfusion. Clin Exp Pharmacol 
Physiol. 2007;34(1–2):70–6.

21.	 Fife CEEK, Workman WT. Ethical Issues, Standards, and Quality Control in 
the Practice of Hyperbaric Medicine. In: KK J, editor. Textbook of Hyperbaric 
Medicine. Springer International Publishing; 2017. pp. 597–608.

22.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. 
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 
2019;366:l4898.

23.	 Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, 
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of 
interventions. BMJ. 2016;355:i4919.

24.	 Babul S, Rhodes EC, Taunton JE, Lepawsky M. Effects of intermittent exposure 
to hyperbaric oxygen for the treatment of an acute soft tissue injury. Clin J 
Sport Med. 2003;13(3):138–47.

25.	 Webster AL, Syrotuik DG, Bell GJ, Jones RL, Hanstock CC. Effects of hyperbaric 
oxygen on recovery from exercise-induced muscle damage in humans. Clin J 
Sport Med. 2002;12(3):139–50.

26.	 Harrison BC, Robinson D, Davison BJ, Foley B, Seda E, Byrnes WC. Treatment 
of exercise-induced muscle injury via hyperbaric oxygen therapy. Med Sci 
Sports Exerc. 2001;33(1):36–42.

27.	 Mekjavic IB, Exner JA, Tesch PA, Eiken O. Hyperbaric oxygen therapy does not 
affect recovery from delayed onset muscle soreness. Med Sci Sports Exerc. 
2000;32(3):558–63.

28.	 Staples JR, Clement DB, Taunton JE, McKenzie DC. Effects of hyperbaric 
oxygen on a human model of injury. Am J Sports Med. 1999;27(5):600–5.

29.	 Woo J, Min JH, Lee YH, Roh HT. Effects of Hyperbaric Oxygen Therapy on 
Inflammation, Oxidative/Antioxidant Balance, and Muscle Damage after 
Acute Exercise in Normobaric, Normoxic and Hypobaric, Hypoxic Environ-
ments: A Pilot Study. Int J Environ Res Public Health. 2020;17(20). ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​
r​g​/​1​0​.​3​3​9​0​/​i​j​e​r​p​h​1​7​2​0​7​3​7​7​​​​​​​

30.	 Babul S. Hyperbaric oxygen therapy to enhance recovery from delayed onset 
muscle soreness. Clin J Sport Med. 2000;10(4):308.

31.	 Kubo K, Ikebukuro T. Acute and chronic effects of hyperbaric oxygen therapy 
on blood circulation of human muscle and tendon in vivo. J Strength Cond 
Res. 2012;26(10):2765–70.

32.	 Yagishita K, Enomoto M, Takazawa Y, Fukuda J, Koga H. Effects of hyperbaric 
oxygen therapy on recovery acceleration in Japanese professional or semi-
professional rugby players with grade 2 medial collateral ligament injury 
of the knee: A comparative non-randomized study. Undersea Hyperb Med. 
2019;46(5):647–54.

33.	 Abbadi SM, Elrefai JM, THE ROLE OF HYPERBARIC, OXYGEN IN MANAGING 
ANKLE SPRAIN. J Royal Med Serv. 2004;11(1):21–13.

34.	 Borromeo CN, Ryan JL, Marchetto PA, Peterson R, Bove AA. Hyperbaric oxy-
gen therapy for acute ankle sprains. Am J Sports Med. 1997;25(5):619–25.

35.	 Ozturan B, Akyuerek M. Effectiveness of hyperbaric oxygen therapy in 
bone marrow edemas of the knee: A retrospective study. Med (Baltim). 
2023;102(14):e33498.

36.	 Currie JR, Gawthrope IC, Banham ND. The use of hyperbaric oxygen for 
avascular necrosis of the femoral head and femoral condyle: a single centre’s 
experience over 30 years. Diving Hyperb Med. 2024;54(2):92–6.

https://doi.org/10.1126/sciadv.abj0153
https://doi.org/10.1126/sciadv.abj0153
https://doi.org/10.3390/ijerph17207377
https://doi.org/10.3390/ijerph17207377


Page 16 of 16Weinrich et al. BMC Musculoskeletal Disorders          (2026) 27:661 

37.	 Moghamis I, Alhammoud AA, Kokash O, Alhaneedi GA. The outcome of 
hyperbaric oxygen therapy versus core decompression in the non-traumatic 
avascular necrosis of the femoral head: Retrospective Cohort Study. Ann Med 
Surg (Lond). 2021;62:450–4.

38.	 Koren L, Ginesin E, Melamed Y, Norman D, Levin D, Peled E. Hyperbaric 
oxygen for stage I and II femoral head osteonecrosis. Orthopedics. 
2015;38(3):e200–5.

39.	 Bosco G, Vezzani G, Enten G, Manelli D, Rao N, Camporesi EM. Femoral con-
dylar necrosis: treatment with hyperbaric oxygen therapy. Arthroplast Today. 
2018;4(4):510–5.

40.	 Etlı ITMA, Kılıcaslan OF, Yuncu M, Nabı V. Is Hyperbaric Oxygen Therapy Effec-
tive in Early-Stage Avascular Necrosis of The Femoral Head? 2021;28(3):434.

41.	 Capone A, Podda D, Ennas F, Iesu C, Casciu L, Civinini R. Hyperbaric oxygen 
therapy for transient bone marrow oedema syndrome of the hip. Hip Int. 
2011;21(2):211–6.

42.	 Chandrinou A, Korompeli A, Grammatopoulou E, Gaitanou K, Tsoumakas K, 
Fildissis G. Avascular necrosis of the femoral head: Evaluation of hyperbaric 
oxygen therapy and quality of life. Undersea Hyperb Med. 2020;47(4):561–9.

43.	 Scherer A, Engelbrecht V, Bernbeck B, May P, Willers R, Göbel U, et al. MRI 
evaluation of aseptic osteonecrosis in children over the course of hyperbaric 
oxygen therapy. Rofo. 2000;172(10):798–801.

44.	 McGuinness LA. Risk-of-bias VISualization (robvis): An R package and Shiny 
web app for visualizing risk-of-bias assessments. Res Synthesis Methods. 
2020;12(1):55–61.

45.	 Hsu RW, Hsu WH, Tai CL, Lee KF. Effect of hyperbaric oxygen therapy on patel-
lar tendinopathy in a rabbit model. J Trauma. 2004;57(5):1060–4.

46.	 Gardin C, Bosco G, Ferroni L, Quartesan S, Rizzato A, Tatullo M et al. Hyper-
baric Oxygen Therapy Improves the Osteogenic and Vasculogenic Properties 
of Mesenchymal Stem Cells in the Presence of Inflammation In Vitro. Int J Mol 
Sci. 2020;21(4). https:/​/doi.or​g/10.33​90/i​jms21041452

47.	 Rocha FS, Gomes Moura CC, Rocha Rodrigues DB, Zanetta-Barbosa D, 
Nakamura Hiraki KR, Dechichi P. Influence of hyperbaric oxygen on the 
initial stages of bone healing. Oral Surg Oral Med Oral Pathol Oral Radiol. 
2015;120(5):581–7.

48.	 Buckley CJ, Cooper JS. Hyperbaric Oxygen Effects On Angiogenesis. Stat-
Pearls. Treasure Island (FL): StatPearls Publishing Copyright © 2025. StatPearls 
Publishing LLC.; 2025.

49.	 Oyaizu T, Enomoto M, Yamamoto N, Tsuji K, Horie M, Muneta T, et al. Hyper-
baric oxygen reduces inflammation, oxygenates injured muscle, and regener-
ates skeletal muscle via macrophage and satellite cell activation. Sci Rep. 
2018;8(1):1288.

50.	 Takeyama N, Sakai H, Ohtake H, Mashitori H, Tamai K, Saotome K. Effects of 
hyperbaric oxygen on gene expressions of procollagen, matrix metallopro-
teinase and tissue inhibitor of metalloproteinase in injured medial collateral 
ligament and anterior cruciate ligament. Knee Surg Sports Traumatol 
Arthrosc. 2007;15(4):443–52.

51.	 Kuran FD, Pekedis M, Yıldız H, Aydın F, Eliyatkın N. Effect of hyperbaric oxygen 
treatment on tendon healing after Achilles tendon repair: an experimental 
study on rats. Acta Orthop Traumatol Turc. 2012;46(4):293–300.

52.	 Kawada S, Wada E, Matsuda R, Ishii N. Hyperbaric hyperoxia accelerates 
fracture healing in mice. PLoS ONE. 2013;8(8):e72603.

53.	 Wang J, Yu W, Zhang Y, Chen B, Meng Z. Mechanism of hyperbaric oxygen 
therapy downregulating H-type angiogenesis in subchondral bone of 
knee osteoarthritis through the PHD2/HIF-1α pathway. J Orthop Surg Res. 
2025;20(1):79.

54.	 Başci O, Çimşit M, Zeren S, Saglican Y, Akgün U, Kocaoglu B, et al. Effect 
of adjuvant hyperbaric oxygen on healing of cartilage lesions treated 
with microfracture: an experimental study in rats. Undersea Hyperb Med. 
2018;45(4):411–9.

55.	 Chen AC, Lee MS, Lin SS, Pan LC, Ueng SW. Augmentation of osteochon-
dral repair with hyperbaric oxygenation: a rabbit study. J Orthop Surg Res. 
2010;5:91.

56.	 Michael Almeling FB, Ralf Busch UM, Carl K-H, Dreyer. Günter Frey, Gösta 
Granström, K. Axel Hartmann,Wilhelm Welslau, Christian Heiden, Rainer 
Heller, Axel Kemmer, Alfred Lammerding, Lorenz Lampl. Grundlagen der 
hyperbaren Sauerstofftherapie: archimedes Verlag Göttingen; 1998.

57.	 Harlan NP, Ptak JA, Rees JR, Cowan DR, Fellows AM, Kertis JA, et al. Develop-
ment of an International, Multicenter, Hyperbaric Oxygen Treatment Registry 
and Research Consortium: Protocol for Outcome Data Collection and Analy-
sis. JMIR Res Protoc. 2020;9(8):e18857.

58.	 Ortega MA, Fraile-Martinez O, García-Montero C, Callejón-Peláez E, Sáez 
MA, Álvarez-Mon MA, et al. A General Overview on the Hyperbaric Oxygen 
Therapy: Applications, Mechanisms and Translational Opportunities. Med 
(Kaunas). 2021;57(9). 

59.	 Chan YS, Chen AC, Yuan LJ, Lin SS, Yang CY, Lee MS, et al. Effects of hyperbaric 
oxygen and platelet derived growth factor on medial collateral ligament 
fibroblasts. Undersea Hyperb Med. 2007;34(3):181–90.

60.	 Li H, Xiao M, Yang F, Zhao Z, Liang A. Hyperbaric oxygen treatment promotes 
tendon-bone interface healing in a rabbit model of rotator cuff tears. Med 
Gas Res. 2025;15(1):164–70.

61.	 Lin SS, Yuan LJ, Niu CC, Tu YK, Yang CY, Ueng SWN. Hyperbaric oxygen 
inhibits the HMGB1/RAGE signaling pathway by upregulating Mir-107 
expression in human osteoarthritic chondrocytes. Osteoarthritis Cartilage. 
2019;27(9):1372–81.

62.	 Lueken RJ, Heffner AC, Parks PD. Treatment of severe carbon monoxide 
poisoning using a portable hyperbaric oxygen chamber. Ann Emerg Med. 
2006;48(3):319–22.

63.	 Barata P, Cervaens M, Resende R, Camacho O, Marques F. Hyperbaric oxygen 
effects on sports injuries. Ther Adv Musculoskelet Dis. 2011;3(2):111–21.

64.	 Kanhai A, Losito JM. Hyperbaric oxygen therapy for lower-extremity soft-
tissue sports injuries. J Am Podiatr Med Assoc. 2003;93(4):298–306.

65.	 Staples J, Clement D. Hyperbaric oxygen chambers and the treatment of 
sports injuries. Sports Med. 1996;22(4):219–27.

66.	 Moghadam N, Hieda M, Ramey L, Levine BD, Guilliod R. Hyperbaric 
Oxygen Therapy in Sports Musculoskeletal Injuries. Med Sci Sports Exerc. 
2020;52(6):1420–6.

67.	 Skarpaas LS, Haveraan LA, Småstuen MC, Shaw WS, Aas RW. The association 
between having a coordinator and return to work: the rapid-return-to-work 
cohort study. BMJ Open. 2019. ​h​t​t​​​​p​​s​:​​/​​/​d​​o​​i​.​​o​r​​g​/​1​0​.​1​1​3​6​/​b​m​j​o​p​e​n​-​2​0​1​8​-​0​2​4​5​9​
7​​​​​​​

68.	 Shaw WS, Nelson CC, Woiszwillo MJ, Gaines B, Peters SE. Early Return to Work 
Has Benefits for Relief of Back Pain and Functional Recovery After Controlling 
for Multiple Confounds. J Occup Environ Med. 2018;60(10):901–10.

69.	 Korucu İH, Kekeç AF, Arslan A, Oltulu P, Korucu EN, Özer M. Regenerative 
effects of hyperbaric oxygen therapy and platelet-rich plasma on the osteo-
chondral defects of rats. Jt Dis Relat Surg. 2020;31(2):260–6.

70.	 Schneppendahl J, Jungbluth P, Sager M, Benga L, Herten M, Scholz A, et al. 
Synergistic effects of HBO and PRP improve bone regeneration with autolo-
gous bone grafting. Injury. 2016;47(12):2718–25.

71.	 Grassmann JP, Schneppendahl J, Sager M, Hakimi AR, Herten M, Loegters TT, 
et al. The effect of bone marrow concentrate and hyperbaric oxygen therapy 
on bone repair. J Mater Sci Mater Med. 2015;26(1):5331.

72.	 Koca K, Yurttas Y, Bilgic S, Cayci T, Topal T, Durusu M, et al. Effect of precon-
ditioned hyperbaric oxygen and ozone on ischemia-reperfusion induced 
tourniquet in skeletal bone of rats. J Surg Res. 2010;164(1):e83–9.

73.	 Yıldırım AO, Eryılmaz M, Kaldırım U, Eyi YE, Tuncer SK, Eroğlu M, et al. Effective-
ness of hyperbaric oxygen and ozone applications in tissue healing in gener-
ated soft tissue trauma model in rats: an experimental study. Ulus Travma Acil 
Cerrahi Derg. 2014;20(3):167–75.

74.	 Leite CBG, Leite MS, Varone BB, Santos GBD, Silva MDS, Pereira CAM, et al. 
Hyperbaric oxygen therapy enhances graft healing and mechanical proper-
ties after anterior cruciate ligament reconstruction: An experimental study in 
rabbits. J Orthop Res. 2024;42(6):1210–22.

75.	 Yeh WL, Lin SS, Yuan LJ, Lee KF, Lee MY, Ueng SW. Effects of hyperbaric 
oxygen treatment on tendon graft and tendon-bone integration in bone 
tunnel: biochemical and histological analysis in rabbits. J Orthop Res. 
2007;25(5):636–45.

76.	 Leifer VP, Katz JN, Losina E. The burden of OA-health services and economics. 
Osteoarthritis Cartilage. 2022;30(1):10–6.

77.	 Solanki K, Shanmugasundaram S, Shetty N, Kim SJ. Articular cartilage repair 
& joint preservation: A review of the current status of biological approach. J 
Clin Orthop Trauma. 2021;22:101602.

78.	 Treweek S, James PB. A cost analysis of monoplace hyperbaric oxygen 
therapy with and without recirculation. J Wound Care. 2006;15(6):235–8.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3390/ijms21041452
https://doi.org/10.1136/bmjopen-2018-024597
https://doi.org/10.1136/bmjopen-2018-024597

	﻿Effects of hyperbaric oxygen therapy on human musculoskeletal pathologies in clinical studies: a systematic review
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Search strategy

	﻿Results
	﻿Study characteristics
	﻿Effects on exercise-induced muscle damage or injuries
	﻿Effects on tendons and ligaments
	﻿Effects on avascular necrosis of the femoral head and condyle
	﻿Effects on bone marrow edema
	﻿Adverse effects
	﻿Risk of bias

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


