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Abstract

Introduction Hyperbaric oxygen therapy (HBOT) has emerged as an adjunct treatment modality in various orthopedic and
rheumatological conditions. Undersea and Hyperbaric Medical Society (UHMS) defined the minimum number of HBOT
cycles, dose, and frequency for various diseases. UHMS laid the 14 absolute indications for HBOT. This article deals with
the mechanism of actions of HBOT and evidence of various musculoskeletal disorders where HBOT was utilized to acceler-
ate the healing process of the diseases.

Materials and methods The review literature search was conducted by using PubMed, SCOPUS, and other database of medi-
cal journals for identifying, reviewing, and evaluating the published clinical trial data, research study, and review articles
for the use of HBOT in musculoskeletal disorders.

Results Various clinical researchers documented cellular and biochemical advantages of HBOT which possess allodynic
effects, anti-inflammatory, and prooxygenatory effects in patients with musculoskeletal conditions. Studies on the usage
of HBOT in avascular necrosis and wound healing provide a platform for exploring the plausible uses of HBOT in other
musculoskeletal conditions. Literature evidence states the complications associated with HBOT therapy.

Conclusion The existing HBOT protocols have to be optimized for various musculoskeletal disorders. Large scale blinded
RCTs have to be performed for demonstrating the level of evidence in the usage of HBOT in various musculoskeletal clini-
cal scenarios.

Keywords Hyperbaric oxygen - Avascular necrosis - Wound healing - Chronic osteomyelitis

Introduction

Hyperbaric oxygen therapy (HBOT) dates back to the
1600 s. The first HBOT chamber was built and operated
by a British Clergyman named Henshaw [1]. The Undersea
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and Hyperbaric Medical Society (UHMS) defines hyperbaric
oxygen therapy (HBOT) as “An intervention in which an
individual breathes near 100% oxygen intermittently while
inside a hyperbaric chamber that is pressurized to greater
than sea level pressure” [2]. HBOT can be administered via
multiplace chambers, monoplace chambers, topox (diabetic
wounds and uncomplicated wounds), and portable mild
hyperbaric chamber (altitude illness) [3, 4].

The therapeutic index of HBOT depends on the positive
gradient diffusion of hyper-oxygenated lungs to hypoxic
tissues, the amount of oxygen concentration in blood
(Henry’s law), and decreases in the air bubble size in blood
(Boyle—Mariotte law and Henry’s law) [5]. HBOT creates
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hyperoxaemia and hyperoxia without the contribution of
haemoglobin [3, 6]. At the cellular level, HBOT enhances
the production of reactive oxygen species and reactive nitro-
gen species, which lead to the synthesis of various growth
factors, cytokines inducing neovasculogenesis, and immu-
noregulatory effects to exert its clinical actions [7, 8]. HBOT
upregulates HIF by the ROS/RNS and ERK1/2 pathways
[9, 10]. Excess production of ROS/RNS leads to metabolic
dysregulation, DNA damage, oxidative bursts, endothelial
cell dysfunction, acute pulmonary injury, and neurotoxicity
[9-13].

Presently, UHMS has approved 14 indications for the
usage of HBOT at a rate of 100% oxygen in a pressurized
chamber to a minimum of 2ATA [14]. For a few critical
conditions, various physicians use 100% oxygen at 6 ATA,
but subtle benefits are reported from more than 3 ATA [14].
100% oxygen increases oxygen tension by 270 kPa in arterial
blood and 53 kPa in tissues, which improves oxygen supply
in the cells and tissues by raising the oxygen diffusion gradi-
ent and improves neoangiogenesis [15]. The tissue healing
process helps cells and tissues with compromised perfusion,
but requires further validation. An orthopaedic surgeon
must comprehend the usage of this adjunct therapy when
the conventional treatments were ineffective for musculo-
skeletal disorders, as evidence for its utility in orthopaedics
continues to rise as shown in Fig. 1. This article deals with
the mechanism of action and evidence of HBOT in various
musculoskeletal disorders.

Fig. 1 Evidences of hyperbaric
oxygen therapy in musculoskel-

etal disorders ) )
Fibromyalgia

Mechanism of Action of HBOT

Hyperbaric oxygen acts by two primary mechanisms,
namely, hyperoxygenation and decreased bubble size [7].
The mechanism of actions of HBOT is as follows.

(a) Hyperoxygenation (decompression sickness, osteone-
crosis, CO poisoning, central retinal artery occlusion,
crush injury/compartment syndrome, compromised
grafts and flaps, and severe blood loss anaemia):
Henry's law states that “the quantity of a perfect gas
dissolved in the solution is directly proportional to its
partial pressure”. HBOT enhances oxygen absorption
at the cellular level with relative hypoxia by develop-
ing the oxygen dissolved in circulating plasma. Hyper-
baric oxygen alleviates ischaemia—perfusion injury by
expressing reactive oxygen species.

Decreased bubble size (air embolism) Decreased nitro-
gen bubbles in the vessels are observed with HBOT.
While administering HBOT, the additional oxygen
dissolved in the plasma is directly proportional to the
partial pressure of the oxygen. A tenfold increased
dissolved oxygen in plasma is observed at 2-2.5 ATA
oxygen pressure. HBOT generates a good gradient for
oxygen diffusion to ischaemic tissues.

(b)

The secondary mechanisms by which HBO acts are.
Osteomyelitis
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(a) Vasoconstriction (osteonecrosis, crush injury/compart-
ment syndrome, and thermal burns).

(b) Neovasculogenesis (non-healing ulcers and wounds,
compromised grafts and flaps, and radiation-induced
injury).

(c) Migration and proliferation of fibroblasts (non-healing
ulcers and wounds and radiation-induced injury).

(d) Ocxidative killing by leukocytes (refractory osteomyeli-
tis and necrotizing soft tissue infections).

(e) Inhibition of toxins (clostridial myonecrosis).

(f) Antibiotic synergy (refractory osteomyelitis and
necrotizing soft tissue infections).

(g) Reduction of intravascular leukocyte adherence (crush
injury/compartment syndrome).

(h) Lipid peroxidation (CO poisoning and crush injury/
compartment syndrome).

The excessive increase of cellular oxygen level leads to
increased production of reactive oxygen species (ROS), and
reactive nitrogen species (RNS) in turn leads to a sequence
of events that are as follows [16—19]:

(a) Increased growth factor synthesis — elevated tissue
SDF-1, angiopoietin, bFGF, and TGF-1 via HIF-1
leading to neoangiogenesis.

(b) Mobilization of progenitor cells from bone mar-
row — increased peripheral site progenitor cells and
HIF and HIF-related gene products — enhanced angio-
genesis.

(c) Activation of neutrophil, B-actin, and S-nitrosyla-
tion — impaired B2 integrin function — improved post-
ischaemic tissue survival.

(d) Decreased monocyte—chemokine synthesis and
ischaemic pre-conditioning changes in HO-1,
HSPs, and HIF-1 — downregulated inflammatory
responses — enhanced tissue survival and regeneration.

Uses of HBOT in Orthopaedics
Fractures

HBOT has been instituted in the management of acute frac-
tures, and delayed and non-union of fractures. Demirtas et al.
reported an insignificant outcome on fracture healing with
HBOT in nicotinized rats with femur fractures, both radio-
logically and histopathologically. [20]. The Cochrane review
is unable to find any pertinent clinical evidence to support
or dispute HBOT's efficacy in treating bone fractures with
delayed union or known non-union [21]. Further, a study
has recognized the synergistic role of HBOT along with
platelet-rich plasma (PRP) in animal models. The use of
both can increase bone regeneration and neovascularization

@ Springer

of autologous bone grafts [22]. The role of HBOT for frac-
ture healing as a supplementary therapy has been recognized
recently. Atesalp et al. treated two of their patient with rein-
fection after the treatment of infected non-union was man-
aged successfully with HBOT [23]. Rollo et al. demonstrated
the use of HBOT (20 HBOT sessions over approximately
20 days in 4 weeks) in tibia non-union. The HBOT can be
used as a callus accelerator and allows more rapid healing of
the regenerated bone along with the removal of the external
fixator [24].

Osteonecrosis of the Femoral Head (ONFH)

In ONFH, the pathology causes damage to microcircula-
tion [25, 26]. Osteoclastogenic activity is highly oxygen
dependent for removing the necrotic area of the osseous tis-
sue. Enhanced oxygen supply to ischaemic osseous tissue
facilitates collagen synthesis, fibroblast proliferation, and
neovasculogenesis [27, 28]. Deploying HBOT to ONFH
leads to the reduction of tissue oedema by vasoconstriction
and hence reduces intraosseous pressure, restoring venous
drainage and rapidly improving the microcirculation [29].
Administration of HBOT to osteoblasts leads to enhanced
proliferation rate and increased alkaline phosphatase (ALP)
activity [30]. HBO facilitates differentiation of osteoblasts,
suppression of osteoclasts, and directs the environment
towards osseous regeneration [30]. HBOT facilitates osteo-
synthesis and neovasculogenesis and enhances the func-
tioning of osteoblasts and osteoclasts in osseous repair and
remodelling [8]. HBOT downregulates TNF-a and IL-6 by
providing a favourable osteogenic environment to homeo-
static levels by modulating the interaction of IL-1p, IL-6,
and/or TNF-a with OPG/RANK/RANKL [31, 32]. HBOT
has been successfully used in the management of ONFH,
osteonecrosis of the knee, and mandibular osteomyelitis.

The exact dose number of sessions and duration of HBOT
for the treatment varies among the published studies as men-
tioned in Table 1.

Salameh et al. treated 15 patients for pre-collapse AVN
(Steinberg I and II) of the femoral head with HBOT. Each
patient received 25 to 40 sessions of HBOT with 3 to 4 ses-
sions per week. HBOT specialist delivered 100% oxygen at
2.2 atm in an HBO chamber for 90 min with a satisfactory
clinical-radiological outcome and less complication rate at
the end of 1-year follow-up [37]. Reis et al. demonstrated
normalcy in 81% of patients with stage 1 AVN femoral head
treated with 6 sessions per week up to 100 sessions of HBOT
for 90 min at the rate of 2-2.5 atm at the end of 24 months
follow-up [33]. Moghamis et al. proved HBOT (n=11) as
a promising and effective non-invasive treatment modality
of choice when compared with core decompression (n=12)
in stage 2 AVN femoral head [36]. Koren et al. reported a
significant functional outcome was observed in stage 1 and
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2 cases of AVN femoral head (n=58) when treated with
HBOT with a mean follow-up of 11 years [35]. Paderno
et al. analysed ten studies with 368 HBO-treated AVN cases
and reported clinically significant improvement in the fol-
low-up period [39]. Bozkurt et al. reported that the combina-
tion of core decompression with HBOT demonstrates sig-
nificantly superior results in stage 2 AVN hips than HBOT
alone [38]. Vezzani et al. deployed HBOT (100% oxygen
at 2.4 atm in a multiplace pressure chamber for 90 min for
5 days a week) for FICAT stage 1 (n=1), 2 (n=7), and 3
(n=15) ONFH and obtained serum osteoprotegerin (OPG)
level at the beginning of HBOT (TO0), after 15 sessions (T1),
30 sessions (T2), after a 30-day break (T3), and after 60
sessions (T4) along with MRI at TO session and after 1 year
from the end of HBO treatments to measure the lesion size.
HBOT decreases lesion size in all cases of stages 1 and 2
and 2 out of 11 cases in case of stage 3 in MRI follow-up.
HBOT increases only serum OPG levels and not RANKL
levels [32].

Refractory osteomyelitis

Chronic refractory osteomyelitis (CRO) is defined as a
persistent infection of bone and bone marrow lasting for
more than 6 months despite appropriate medical and sur-
gical interventions [40]. In CRO cases, HBOT acts as an
adjuvant treatment modality. The combination of treatment
with HBOT and appropriate medical and surgical interven-
tions demonstrates a successful outcome in CRO cases.
HBOT provides remission up to 80-85% for 2 to 3 years in
CRO patients. The appropriate dose of HBOT in CRO cases
deploying 100% oxygen at 2.4 atm for up to 40-60 sessions
for 90 min with 5-min air breaks every 30 min for 5 days
per week. Patients are monitored with ESR and CRP every
4-6 weeks during treatment [41]. In CRO, HBOT acts by
direct killing both aerobic and anaerobic bacteria, improves
oxygen-dependent killing of PMN leukocytes, enhances pro-
liferation of fibroblasts and collagen synthesis, facilitates
neovasculogenesis, enhances equilibrium in osteoblastic and
osteoclastic response, and enhances the activity of amino-
glycoside, fluoroquinolone, vancomycin, and sulphonamide
antibiotics [42, 43]. High oxygen levels enhance both bacte-
riostatic and bactericidal effects [43].

Sovvidou et al. analysed 45 studies utilizing HBO for 460
patients with CRO. Adjuvant HBO was effective in 80% of
the cohort and 95% of case studies. A total of 73.5% of cases
reported successful outcomes without relapse [44]. Ahmed
et al. reported the usage of HBOT in bacterial [S.aureus
(n=4), CONS (n=1), and MRSA (n=1)] spinal osteomyeli-
tis in six adult cases [45]. Bingham et al. instituted 2 atm of
HBO for 2 h daily 5 days a week till the evidence of wound
healing for 28 cases of CRO (S. aureus, Klebsiella group,
Pseudomonas, Escherichia coli, and Enterobacter) with the

follow-up ranging from 6 months to 6 years and reported
no relapse or recurrence of CRO among these cases [46].
Yu et al. treated 12 cases of sternal osteomyelitis [MRSA
(n=38), Mycobacterium tuberculosis (n=1), Klebsiella
pneumoniae (n=1), and E. coli (n=1)] after thoracotomy
and cardiothoracic surgeries with HBOT at the rate of 100%
oxygen under 2.5 ATA for 90 min for 5 days per week till
the wound epithelizes [47]. HBOT has been utilized as adju-
vant therapy in an immunocompromised 64 years old male
with RCO of post-traumatic (left subtrochanteric fracture
fixed with long proximal femoral nail) origin despite aggres-
sive management [48]. Complete eradication of CRO was
observed in 92% (n=12) cases without any recurrence with
HBOT (2.5 atm for 120 min for 5 days per week in all cases)
[49].

HBOT is efficacious in pyogenic spinal infections [MSSA
(n=3), MRSA (n=4), S. epidermidis (n=2), Pseudomonas
aeruginosa (n=2), Klebsiella pneumoniae (n=1), and Can-
dida albicans (n=1)] ranging from SSI following spinal sur-
gery, spondylitis, spondylodiscitis, vertebral osteomyelitis,
and epidural abscess [50]. For refractory pyogenic spinal
infections, HBOT is administered in the form of a multi-
place HBO chamber at 2.5 atm for 90 min, with 5-min air
breaks for every 30 min, once a day for 5 days in a week
ranging from 2 to 12 weeks [50]. No relapse or recurrence
was reported at the end of 24 months with 22 cases of post-
operative discitis treated with IV vancomycin 1 g BD for
4 weeks and HBOT (100% O, at 2.4 ATA for 90 min BD
for the initial 5 consecutive days, and additional treatment
of 100% O, at 2.4 ATA for 90 min daily for 25 days) [51].
HBOT remains an alternative treatment of choice for sur-
gical removal of infected flaps or bones in complex situa-
tions. HBOT reduces reoperative rates, allows the control
of mixed and multidrug-resistant infections, and improves
the quality of life of patients complicated with postopera-
tive neurosurgical infections [52]. Onen et al. demonstrated
the use of HBOT in iatrogenic spinal osteomyelitis follow-
ing spinal instrumentation in 19 cases, which prevented
re-surgical morbidity in the patients. [53]. The appropriate
time duration of HBOT in pyogenic spinal infection remains
controversial. However, the published literature states 40—-60
sessions of HBOT for wound healing and infection control
[45, 51-53]. Goerger et al. demonstrated the successful out-
come of multidrug-resistant osteomyelitis by OXA-48 type
carbapenemase-producing K. pneumoniae with HBO and
without concomitant use of antimicrobials [54].

Diabetic Foot Ulcers (DFU)

Diabetic foot ulcers are difficult to treat. HBOT has been
used as an adjunct to treat these ulcers. For DFU, HBOT
is deployed at a rate of 1.4-3.0 atm of 100% oxygen inter-
mittently for 90 min with 5 min air break intervals every
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30 min in a hyperbaric chamber daily. [55-57]. In DFU and
chronic non-healing ulcers, HBOT facilities wound and tis-
sue hypoxia, increases perfusion, downregulates oedema
and inflammatory cytokines, and upregulates proliferation
of fibroblasts, synthesis of collagen, and neovasculogenesis
[55, 57]. In DFU, there are contradictory findings in the
HBOT treatment modality.

In Wagner grade 2-4 DFU, Fedorko et al. evaluated 54
cases in the control group and 49 cases in the HBOT group.
The control group revealed 22 healed cases and 13 ampu-
tation cases, whereas the HBOT group revealed 10 healed
cases and 11 amputation cases. They found no significant
difference in wound healing rates and amputation rates [58].
For diabetic lower limb ischaemic wounds, DAMO, CLES
research instituted standard management along with or with-
out HBOT in 120 cases. HBOT did not improve the healing
rates and the risk of limb salvage in these cases [59].

Cochrane review analysed ten RCTs of cases with DFU
and revealed that HBOT improved short-term wound heal-
ing with a lower rate of amputation [60—65]. Oliveria et al.
administered HBOT at a rate of 100% oxygen at 2.4 atm
for 5 days a week in a multi-seat hyperbaric chamber for
90 min with 5 min of air break for every 30 min for 26-foot
lesions (13-foot ulcers of Wagner grade 2 or more and 13
amputation stump ulcers). 88.4% of cases got healed with
complete epithelialization of the wound with HBOT for an
average of 16 weeks [56]. Sharma et al. analysed 14 tri-
als (12 RCTs and 2 CCTs) with 768 participants of DFU
treated with HBOT and reported complete healing of DFU
without any relapse or recurrence [66]. Increased oxygen
concentration facilitates better wound healing and declines
microbial colonizations. In DFU, HBOT has dropped the
amputation rates and re-surgical debridement rates. HBOT
facilitates oxygen-dependent wound repair by activating
the production of mesenchymal stromal cells in the bone
marrow and improving host antimicrobial responses. The
reported adverse effects in this meta-analysis are barotrauma
and oxygen toxicity [66]. In their meta-analysis (20 RCTs
and 1263 trials), Zhang et al. reported that HBOT offers an
efficient adjunct treatment modality of choice for DFU with
reduced amputation rates [67]. Salama et al. [68] reported
that the combination of conventional treatment along with
HBOT appears to be more effective than conventional treat-
ment for the healing of chronic non-ischaemic DFU [38].

Fibromyalgia

Fibromyalgia syndrome (FMS) is a chronic debilitating dis-
order with abnormal brain activity, which is characterized by
chronic widespread pain, prolonged muscle spasms, weak-
ness in the limbs, allodynia, fatigue, and sleep disturbances
[68]. It is estimated that FMS impairs the quality of life
in 2-4% of the population [69]. FMS affects females over
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males with a ratio of 9:1. FMS complex remains elusive and
refractory. In fibromyalgia, HBOT upregulates cellular and
tissue metabolism, neurotrophin, and nitric oxide levels by
facilitating the functions of mitochondria in neurons and
glial cells and downregulates oxidative stress and apoptosis
of cells [70]. HBOT promotes the neurogenesis of endog-
enous neural stem cells [71]. HBOT induces neuroplasti-
city and repairs impaired brain functions [72]. Zhao et al.
demonstrated an anti-nociceptive response in a CCI animal
model along with the inhibition of mechanical and thermal
hyperalgesia in a single HBOT session, whereas multiple
HBOT sessions lead to aggravation of neuropathic pain and
inhibition of astrocyte activation [73]. Inamato et al. sug-
gested the immunosuppressive role of HBOT by demonstrat-
ing the decreased levels of IL-1 and PGE2 production [74].

Efrati et al. analysed 24 FMS cases of the treated group
(evaluated at baseline and after HBOT) and 24 FMS cases
of the crossover group (evaluated at baseline, after a control
period of no treatment, and after HBOT). A total of 40 ses-
sions of HBOT were delivered at the rate of 100% oxygen at
2 atm for 5 days per week for 90 min. SPECT revealed the
rectification of abnormal brain activity in pain-related areas
of FMS patients. They concluded that HBOT ameliorates the
symptoms of FMS and induces neuroplasticity in the brain
[70]. HBOT downregulates pro-inflammatory cytokines
such as IL-1f and TNF-a, changes the phosphorylation of
proteins involved in neuropathic pain such as NMDA recep-
tors, and decreases the expression of spinal neuronal and
inducible nitric oxide synthases [60, 75]. Vargas et al. evalu-
ated 15 cases of FMS with HBOT at the rate of 100% oxygen
at 2 atm for 60 min for 5 days per week for 20 sessions. They
concluded that HBOT acts as an adjuvant by reducing pain
and fatigue in obese patients presenting with fibromyalgia
[76]. Atzeni et al. commented that HBOT improves pain and
fibromyalgia symptom scores significantly after 10 and 20
sessions without any improvement in sleep disturbances in
87.5% of cases with fibromyalgia [77].

Complications of HBOT

With hyperoxia and a hyperbaric environment in the tis-
sues, the complications of HBOT are reported in the lit-
erature [78]. Claustrophobia and middle ear barotrauma
(MEB) are the two most common complications which
occur during either monoplace or multiplace chamber
HBOT compression. Claustrophobia causes a degree of
confinement anxiety in multiplace chambers and 8 events
per 10,000 treatments in monoplace chambers of HBOT
therapy, which can be prevented by patient education, reas-
surance, and proper counselling and coaching by anticipat-
ing episodes of claustrophobia [79]. About 84% of non-
intubated and 94% of intubated patients undergoing HBOT
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experience MEB [78, 80]. Various studies suggest either a
high (4.1 psi/min) or low (1 psi/min) rate of compression
increases the risk of MEB [81]. Adequate patient coun-
selling and education mitigate MEB occurrence. MEB
resolves in the absence of repetitive HBOT sessions.
Short-term injuries of the ear include tympanic membrane
rupture and oedema and serous otitis media, which heal
spontaneously and with medications. Long-term ear com-
plications (ossicular disruption, perilymphatic fistula, and
sensorineural hearing loss) of HBOT are rare [82].

HBOT increases systolic and diastolic blood pressure in
both non-hypertensive and hypertensive patients undergo-
ing HBOT [83]. Literature evidence state that no hyper-
tensive urgency or emergency was reported with HBOT
treatment [84]. A theoretical risk of an increased occur-
rence of pulmonary oedema is anticipated in patients with
compromised left ventricular function undergoing HBOT,
but limited [1 in 1000 (0.1%) and 1 in 4500 (0.02%)] data
is available on this complication [85-87]. HBOT induces
hypoglycaemia in patients who are prediabetic and dia-
betic. To prevent HBOT-induced hypoglycaemia, it is
mandatory to set serum glucose levels as low as 100 mg/
dl and as high as 150 mg/dl and monitor serum glucose on
the day of HBOT treatment [84, 88].

The rarely reported complications of HBOT are baros-
inusitis (1 per 10,000 treatments) [78], barodontalgia/
odontocrexis (9.2-21.6% among American and Austral-
ian civilian divers) [89], pulmonary barotrauma [90, 91],
arterial gas embolism [91, 92], oxygen-dependent rigid
tonic—clonic seizures (1 per 2000 to 3000 treatments)
[93-96], progressive myopia [97], cataracts [97], and ret-
rolental fibroplasia [98, 99]. The complications with mul-
tiple sittings of HBOT were not reported in the literature,
but they were rare.

Level of Evidences Available with HBOT
in Orthopaedics

As HBOT is an emerging and an adjunct treatment modal-
ity in various musculoskeletal disorders, we present the
available level of evidence in Table 2.

Though level I and II evidences are available with
ONFH, refractory osteomyelitis, and DFUs, randomized
control trials (RCTs) on various dosage and frequency of
HBOT have to be figured out. Low level of evidences are
available on HBOT with fracture management, fibromy-
algia, neuropathic pain, osteoarthritis, osteoporosis, and
compartment syndrome. Large-scale blinded and multi-
centric RCTs have to evolve to provide level I and II evi-
dences on HBOT in musculoskeletal disorders.

Table 2 Level of evidences available with HBOT in orthopaedics

SI. No Musculoskeletal disorder Level of evidence
1 Fractures Pre-clinical

2 Osteonecrosis of the femoral head 1

3 Refractory osteomyelitis II

4 Diabetic foot ulcers 1

5 Fibromyalgia v

Future Directives

The mechanistic and therapeutic aspects of HBOT for mus-
culoskeletal disorders are comprehensively narrated in this
review. Still, a few issues remain with HBOT research.
HBOT protocols for various musculoskeletal disorders vary
which makes it difficult to compare and integrate different
results. The available HBOT protocols for various indica-
tions have to be scaled up and a large number of randomized
control trials have to be performed to validate the available
results. Moreover, updates on published clinical protocols
are warranted to accommodate the general ageing popula-
tions rather than currently approved indications. Therefore,
a generally applicable HBOT protocol needs to be defined
in the subsequent step. Repeated intermittent HBOT leads
to transcriptome changes and telomere elongation in the
genomic structure. With the hyperoxic—hypoxic paradox, the
activation of SIRT1 by mitochondrial metabolism occurs
and improves oxidative metabolism. Although the potentials
of HBOT were demonstrated in pre-clinical studies, there is
a lack of clinical trials in the cellular oxidative mechanism.
The safety, efficacy of existing protocols, dose—response
curves, exposure time, frequency of intervals, and the num-
ber of sessions need to be optimized for various musculo-
skeletal disorders.

Conclusions

The available literature provides a bird’s eye view of HBOT
application in various musculoskeletal disorders. The stand-
ardization and optimization need to be performed in terms of
dose, frequency, number of sessions, safety, and efficacy of
existing protocols of HBOT in musculoskeletal conditions.
With the significant implications of HBOT, clinical applica-
tions have to be explored in the future.
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