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Sports �njur�es and hyperbar�c oxygen therapy: phys�olog�cal effects and prev�ous f�nd�ngs
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ABSTRACT

Problems encountered in the management of sports injuries can lead to a prolonged treatment process and a long period of time away from sports
that may cause significant economic loss, as well. To ensure the most effective return to sports, a multidisciplinary approach is often required.
Research has demonstrated that hyperbaric oxygen therapy (HBOT) shows promising results as a treatment modality for sports injuries. A search of
the scientific literature was conducted using the keywords "hyperbaric oxygen therapy" and "sports injuries" across PubMed, Cochrane Library, and
Web of Science databases. The positive effects of HBOT have been reported in the treatment of various sports injuries, including muscle and soft tis‐
sue injuries, as well as bone marrow edema.
This review examines the physiological effects of hyperbaric oxygen therapy, as well as the findings obtained from animal injury models and human cli‐
nical studies on its use in sports injuries. The effects of HBOT vary depending on the type of injury, and it is generally more beneficial as an adjunctive
treatment rather than as a standalone therapy.
Although numerous studies have been published, a standardized treatment protocol has yet to be established. However, based on current protocols
in the literature, it is believed that a 90- to 120-minute treatment session, administered at least five days per week at 2.0-2.5 ATA, will provide the gre‐
atest benefit. The total number of sessions should be determined by the physician following the treatment, based on the patient's specific condition
and needs.
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ÖZ

Spor yaralanmalarının yönetiminde karşılaşılan sorunlar tedavi sürecinin uzamasına ve spordan uzun süre uzak kalınmasına yol açabilir. Bu durum
önemli ölçüde ekonomik kayba neden olabilir. Spora dönüş sürecinin en iyi şekilde tamamlanabilmesi sıklıkla multidisipliner bir yaklaşım
gerektirmektedir.
Yapılan araştırmalar, hiperbarik oksijen tedavisinin spor yaralanmalarında bir tedavi yöntemi olarak umut verici sonuçlar sunduğunu göstermektedir. Bi‐
limsel literatür, PubMed, Cochrane Library ve Web of Science veritabanları aracılığıyla "hyperbaric oxygen therapy" ve "sports injuries" anahtar sözcük‐
leriyle taranmıştır. Kas ve diğer yumuşak doku yaralanmaları ile kemik iliği ödemi gibi pek çok spor yaralanmasında hiperbarik oksijen tedavisinin olumlu
etkileri raporlanmıştır.
Bu derlemede, hiperbarik oksijen tedavisinin fizyolojik etkileri ile spor yaralanmalarına ilişkin çalışmalarda kullanılan hayvan modelleri ve insan klinik ça‐
lışmalarının sonuçları incelenmiştir. HBO2'nin etkisi, yaralanma türüne göre değişmekte olup, tek başına bir tedavi yöntemi olarak değil, daha çok yar‐
dımcı bir tedavi olarak yarar sağlamaktadır. Literatürde birçok çalışma bulunmasına rağmen, standart bir tedavi protokolü henüz oluşturulmamıştır. An‐
cak, literatürdeki mevcut protokoller göz önünde bulundurulduğunda, 2,0-2,5 ATA'da haftada en az 5 gün uygulanan 90 veya 120 dakikalık bir tedavi
protokolünün en iyi yararı sağlayacağı düşünülmektedir. Toplam seans sayısı, hastanın durumu göz önünde bulundurularak tedavi sürecini izleyen he‐
kim tarafından belirlenmelidir.

Anahtar Sözcükler: Hiperbarik oksijen tedavisi, spor yaralanmaları

INTRODUCTION
Compet�ng �n sports �nvolves s�gn�f�cant engagement of va-
r�ous body parts. The pressure to succeed o�en leads athle-
tes to tra�n w�thout be�ng adequately phys�cally prepared
for compet�t�ons. Insu��c�ent recovery and �mproper tra-
�n�ng can result �n decreased performance, fat�gue, and an
�ncreased r�sk of �njury (1). The approach of the sports phy-
s�c�an to �njury management plays a cr�t�cal role �n an ath-
lete's ab�l�ty to resume regular act�v�ty. Fa�lure to promptly

d�agnose and properly manage sports �njur�es can lead to
extended absences from athlet�c act�v�t�es. Th�s can also re-
sult �n substant�al f�nanc�al costs for both amateur and pro-
fess�onal sports (2).

Fa�r and Champa est�mate that el�m�nat�ng contact �n colle-
ge sports could save up to $18.4 b�ll�on annually (3). In the
Engl�sh Prem�er League, �njury-related performance decl�-
nes lead to losses of approx�mately £900 m�ll�on GBP each
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Table 2. Recommendat�ons on the HBO2 �nd�cat�ons accepted for European Consensus (5)

Type 1 Type 2 Type 3

CO po�son�ng Crush �njury w�thout fracture
Bra�n �njury (acute and chron�c TBI, chron�c

stroke, post anox�c encephalopathy) �n h�ghly
selected pat�ents

Open fractures w�th crush �njury Osteorad�onecros�s (bones other than
mand�ble) Rad�o-�nduced les�ons of larynx

Prevent�on of osteorad�onecros�s after dental
extract�on

Rad�o-�nduced les�ons of soft t�ssues (other
than cyst�t�s and proct�t�s) Rad�o-�nduced les�ons of the CNS

Osteorad�onecros�s (mand�ble) Surgery and �mplant �n �rrad�ated t�ssue
(prevent�ve treatment) Post-vascular procedure reperfus�on syndrome

Soft t�ssue rad�onecros�s (cyst�t�s, proct�t�s) Ischem�c ulcers L�mb replantat�on
Decompress�on �llness Refractory chron�c osteomyel�t�s Selected non-heal�ng wounds secondary to

system�c processes
Gas embol�sm Burns, 2nd degree more than 20% body surface

area S�ckle cell d�sease
Anaerob�c or m�xed bacter�al �nfect�ons Pneumatos�s cysto�des �ntest�nal�s Interst�t�al cyst�t�s

Sudden deafness Neuroblastoma, stage IV
D�abet�c foot les�ons

Femoral head necros�s
Comprom�sed sk�n grafts and

musculocutaneous �aps
Central ret�nal artery occlus�on

Type 1 = strongly recommended, Type 2 = recommended, Type 3 = poss�ble/opt�onal

season (4). In the Netherlands, sports �njur�es cost over €3
b�ll�on per year (5).

The management of sports �njur�es o�en requ�res a mult�-
d�sc�pl�nary approach to ensure that athletes can return to
tra�n�ng as qu�ckly as poss�ble. Research �nd�cates that hy-
perbar�c oxygen therapy shows cons�derable prom�se �n the
management of sports �njur�es (6,7). Many el�te athletes
from d�verse sports, �nclud�ng tenn�s, sw�mm�ng, basket-
ball, and golf, have reported us�ng hyperbar�c oxygen the-
rapy as part of the�r recovery (8).

Hyperbar�c Oxygen Therapy

Hyperbar�c Oxygen Therapy (HBOT) �nvolves the �nter-
m�ttent adm�n�strat�on of 100% oxygen at a pressure gre-
ater than one atmosphere absolute (ATA) �n a closed cham-
ber. For the treatment to be cl�n�cally e�ect�ve, the pressure
must be at least 1.4 ATA, though the typ�cal range �s betwe-
en 2.0 and 3.0 ATA. Accord�ng to the Undersea and Hyper-
bar�c Med�cal Soc�ety (UHMS), for a treatment to be class�f�-
ed as hyperbar�c oxygen therapy, the pressure must exceed
2.0 ATA. Treatment durat�on can be adjusted based on the

pat�ent's cond�t�on, typ�cally last�ng between 90 and 120
m�nutes. Pat�ents breathe oxygen through a mask, hood, or
endotracheal tube, �n e�ther a s�ngle or mult�-pat�ent cham-
ber (9). The �nd�cat�ons approved by UHMS and recommen-
ded by the European Comm�ttee on Hyperbar�c Med�c�ne
are l�sted �n Tables 1 and 2.

Table 1. UHMS HBO2 Ind�cat�ons

A�r or Gas Embol�sm Carbon Monox�de Po�son�ng
Central Ret�nal Artery Occlus�on Decompress�on S�ckness
Clostr�d�al Myonecros�s (Gas
Gangrene) Acute Traumat�c Ischem�a

Comprom�sed Grafts and Flaps Sudden Sensor�neural Hear�ng
Loss

Delayed Rad�at�on Injur�es Thermal Burns
Intracran�al Abscess Avascular Necros�s*
Necrot�z�ng Soft T�ssue Infect�ons
Refractory Osteomyel�t�s
Severe Anem�a
* Recently added as an �nd�cat�on �n the new vers�on of the UHMS �nd�cat�on
l�st

Phys�olog�cal E�ects of HBO2 on Sports Injur�es

The plasma oxygen concentrat�on at sea level �s approx�ma-
tely 3 ml/l (10). Under standard perfus�on cond�t�ons, t�ssu-
es requ�re about 60 ml/l of oxygen at rest to ma�nta�n nor-
mal cellular metabol�sm. W�thout the contr�but�on of oxy-
gen bound to hemoglob�n, d�ssolved oxygen at a pressure
of 3 ATA �s nearly su��c�ent to meet the rest�ng total oxygen
requ�rement of many t�ssues (11). By �ncreas�ng PaO2, hy-
perbar�c oxygen therapy (HBOT) promotes the prol�ferat�on
of endothel�al progen�tor cells, neoang�ogenes�s, and ne-
ovascular�zat�on (12). Add�t�onally, HBOT reduces cellular

�schem�a and edema and �nduces vasoconstr�ct�on by ra-
�s�ng the concentrat�on of extracellular oxygen (13).

HBOT also st�mulates the mob�l�zat�on of hypox�a-�nduc�ble
factor 1-α, vascular endothel�al growth factor (VEGF), stro-
mal-der�ved factor 1, and bone marrow-der�ved stem cells
(CD34), wh�le reduc�ng neutroph�l adhes�on through mod�-
f�cat�on of �ntegr�n β-2, wh�ch helps attenuate �schem�a-re-
perfus�on �njury (14-17). Furthermore, HBOT enhances cell
growth and modulates the �n�ammatory response by �ncre-
as�ng the product�on of react�ve oxygen spec�es (ROS) and
react�ve n�trogen spec�es. Th�s leads to �mproved vascular�- 
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zat�on and better t�ssue surv�val follow�ng �schem�a. ROS
play a cruc�al role �n mult�ple pathways that fac�l�tate neo-
ang�ogenes�s and vasculogenes�s, both of wh�ch are med�-
ated by hypox�a-�nduc�ble factors (18,19).

Follow�ng muscle damage, �n�ammat�on �s marked by the
generat�on and release of �n�ammatory cytok�nes, �ncre-
ased vascular permeab�l�ty, neutroph�l m�grat�on, and ede-
ma (20). HBOT helps reduce edema through �mproved ho-
meostat�c processes and vasoconstr�ct�on. Moreover, by re-
duc�ng t�ssue damage and �nh�b�t�ng leukocyte adhes�on to
the endothel�um, HBOT enhances leukocyte mot�l�ty and
�mproves m�croc�rculat�on (21). HBOT accelerates the tran-
s�t�on from the �n�ammatory to the prol�ferat�ve phase (7).
Hor�e et al. found that HBOT treatment accelerated satell�te
cell prol�ferat�on and myof�ber maturat�on (22). S�m�larly,
Oya�zu et al. reported that HBOT �ncreased the number of
prol�ferat�ng and d��erent�at�ng satell�te cells, as well as re-
generat�ng muscle f�bers (23).

Compl�cat�ons

Compl�cat�ons of HBO2 are typ�cally oxygen- or pressure-
related and most o�en �nclude barotrauma or oxygen tox�-
c�ty a�ect�ng the central nervous system or pulmonary sys-
tems. Rarely, symptoms such as weakness, d�zz�ness, hy-
poglycem�a, and v�s�on problems (e.g., revers�ble myop�a)
may occur. The most common compl�cat�on �s m�ddle ear
barotrauma. In a study �nvolv�ng 62,614 HBO2 sess�ons
w�th 2,334 pat�ents, m�ddle ear barotrauma occurred �n
9.2% of pat�ents and 0.04% of sess�ons. Other compl�cat�-
ons, such as hypoglycem�a, oxygen tox�c�ty, d�zz�ness, anx�-
ety react�ons, shortness of breath, and chest pa�n, were re-
ported �n 0.5%-1.5% of pat�ents (24).

Evaluat�ng pat�ents for potent�al r�sks before �n�t�at�ng
HBO2, tak�ng precaut�ons to prevent compl�cat�ons, and
closely mon�tor�ng pat�ents dur�ng treatment are cr�t�cal for
enhanc�ng safety. Most adverse events can be e�ect�vely
prevented or managed w�th s�mple measures. From th�s
perspect�ve, HBO2 �s cons�dered one of the safest med�cal
treatments. It �s also �mportant to note that pat�ents under-
go�ng HBO2 o�en have mult�ple comorb�d�t�es, wh�ch may
�ncrease the�r r�sk of compl�cat�ons. Conversely, healthy �n-
d�v�duals have a s�gn�f�cantly lower l�kel�hood of exper�en-
c�ng adverse e�ects.

WADA's Stance and Potent�al R�sks for Athletes 
In 2006, the World Ant�-Dop�ng Agency (WADA) banned the
use of HBO2 under the category of oxygen transfer enhan-
cement. However, due to �nsu��c�ent ev�dence support�ng
�ts potent�al to enhance performance, WADA reclass�f�ed
supplemental oxygen as perm�tted �n 2009. In 2016, �t was

further clar�f�ed that supplemental oxygen was allowed
only v�a �nhalat�on (25).

It �s �mportant to note that WADA may rev�se �ts stance or
�mpose add�t�onal restr�ct�ons-such as l�m�ts on pressure or
durat�on-�f future ev�dence reveals new e�ects of HBO2.

Moreover, although rare �n healthy �nd�v�duals, there �s al-
ways a poss�b�l�ty of compl�cat�ons ar�s�ng from HBO2 use.
Exper�enc�ng any severe compl�cat�ons could delay an ath-
lete's return to the f�eld.

HBO2 Appl�cat�on �n D��erent Types of Sports Injur�es

Muscle Injur�es 
Muscle �njur�es encompass a w�de range of cond�t�ons, �nc-
lud�ng muscle stra�ns, muscular contus�ons, delayed-onset
muscle soreness, and muscle cramps (26). Accord�ng to a
study conducted between 2009 and 2015 on colleg�ate ath-
letes, muscle stra�ns were the second most common cause
of sports suspens�on last�ng more than 21 days (27).

Research on an�mals by Best et al. demonstrated that HBO2
therapy promotes both morpholog�cal and funct�onal reco-
very a�er acute muscular stretch �njur�es (28). Another an�-
mal study found that rats treated w�th HBO2 follow�ng a
muscular contus�on exh�b�ted lower levels of creat�ne k�na-
se-an �nd�cator of muscle �njury-and an �ncrease �n muscle
we�ght (29).

HBO2 �s benef�c�al not only for treat�ng sports �njur�es but
also for allev�at�ng sports-related fat�gue. Dur�ng the Naga-
no W�nter Olymp�cs, Ish�� and colleagues reported us�ng
HBO2 as a recovery method for muscular fat�gue. The�r f�n-
d�ngs revealed that athletes who underwent HBO2 therapy
at a pressure as low as 1.3 ATA (approx�mately 11 feet below
sea level) for short sess�ons of 30-40 m�nutes (averag�ng
two sess�ons, w�th a max�mum of s�x) exper�enced faster
recovery t�mes (30).

Add�t�onally, other stud�es have shown a s�gn�f�cant reduc-
t�on �n blood lactate concentrat�on and notable �mprove-
ments �n max�mal oxygen consumpt�on and oxygen con-
sumpt�on at the anaerob�c threshold follow�ng HBO2 the-
rapy (31, 32).

As prev�ously reported �n the l�terature, HBO2 may also be
e�ect�ve �n treat�ng delayed-onset muscle soreness (DOMS).
DOMS �s character�zed by soreness �n skeletal muscles fol-
low�ng �ntense exerc�se, typ�cally resolv�ng w�th�n 5-7 days
(7). However, DOMS can lead to a temporary decl�ne �n phy-
s�cal performance and an �ncreased r�sk of �njury (33, 34).
HBO2 has been shown to enhance muscle strength, reduce
pa�n, and accelerate recovery �n �nd�v�duals w�th DOMS.

Webster et al. �nvest�gated the e�ects of HBO2 on recovery
from exerc�se-�nduced muscle damage �n a study �nvolv�ng
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12 healthy males (35). Muscle damage was �nduced through
calf ra�ses performed to fa�lure. Part�c�pants were d�v�ded
�nto two groups: one rece�ved HBO2 therapy (2.5 ATA w�th
100% oxygen for 60 m�nutes), wh�le the other rece�ved a
placebo (1.3 ATA w�th a�r). Treatments were adm�n�stered at
3-4 hours, 24 hours, and 48 hours post-exerc�se. In the pla-
cebo group, �sometr�c peak torque decl�ned from basel�ne
on days 1 and 2, whereas no such decl�ne was observed �n
the HBO2 group. By day 5, the HBO2 group reported s�gn�f�-
cantly lower levels of pa�n and soreness compared to the
placebo group.

Staples et al. conducted the largest study on HBO2 and
DOMS, �nvolv�ng 66 untra�ned males, and demonstrated
that HBO2 s�gn�f�cantly accelerated recovery �n athletes
(36). In th�s study, DOMS was �nduced �n the non-dom�nant
quadr�ceps, and pa�n and muscle torque were measured be-
fore, dur�ng, and a�er HBO2 therapy. Part�c�pants were d�-
v�ded �nto four groups: HBO2, delayed HBO2, sham treat-
ment, and control.

The HBO2 group rece�ved 100% oxygen at 2.0 ATA for one
hour at 0-, 24-, and 48-hours post-exerc�se, followed by
sham treatments at 72 and 96 hours. The sham treatment
group rece�ved 21% oxygen at 1.2 ATA for the same durat�-
on. The delayed HBO2 group underwent sham treatments at
0- and 24-hours post-exerc�se, followed by HBO2 therapy at
48, 72, and 96 hours. Results showed that the HBO2 group
exh�b�ted s�gn�f�cantly �mproved muscle torque compared
to the other groups.

Harr�son et al. �nvest�gated the use of HBO2 for treat�ng
exerc�se-�nduced muscle �njur�es �n 18 untra�ned, college-
aged males (37). Part�c�pants were d�v�ded �nto three gro-
ups: �mmed�ate HBO2, delayed HBO2, and control. Muscle
�njury was �nduced �n the non-dom�nant arm us�ng preac-
her curls. The �mmed�ate HBO2 group rece�ved oxygen the-
rapy shortly a�er exerc�se and for the next four days, wh�le
the delayed group �n�t�ally rece�ved sham treatments and
began HBO2 therapy later. Measurements �ncluded creat�ne
k�nase levels, muscle strength, soreness, and MRI scans.
The study found no s�gn�f�cant d��erences between the gro-
ups �n any measure, suggest�ng that HBO2 therapy d�d not
fac�l�tate so� t�ssue �njury recovery. However, the authors
caut�oned that the�r f�nd�ngs m�ght not fully apply to so�
t�ssue athlet�c �njur�es due to the study's l�m�tat�ons. They
suggested that HBO2 could be more e�ect�ve for �njur�es �n-
volv�ng more extens�ve so� t�ssue damage or where oxygen
ava�lab�l�ty �s s�gn�f�cantly comprom�sed by the �njury's lo-
cat�on or sever�ty of edema.

Babul et al. also explored the e�ects of �nterm�ttent HBO2
on exerc�se-�nduced muscle damage �n 16 females (38). Par-
t�c�pants were d�v�ded �nto HBO2 and control groups and

subjected to 300 max�mal eccentr�c contract�ons on the
non-dom�nant leg, performed �n 30 sets of 10 repet�t�ons
w�th 15-second rests between sets. The HBO2 group rece�ved
100% oxygen at 2 ATA for 60 m�nutes, wh�le the control gro-
up was exposed to 1.2 ATA w�th a�r. Four treatment sess�ons
were conducted over four days. Measurements �ncluded
muscle soreness, eccentr�c strength, quadr�ceps c�rcumfe-
rence, creat�ne k�nase, malond�aldehyde, and muscle s�g-
nal �ntens�ty v�a MRI. No s�gn�f�cant d��erences were obser-
ved between the groups. Prest� et al. later noted that the
small sample s�ze l�m�ts the general�zab�l�ty of these f�n-
d�ngs (39).

In contrast, Chen et al. stud�ed 41 baseball players already
exper�enc�ng exerc�se-�nduced muscle soreness or grade I
muscle stra�n �n the�r extrem�t�es (40). Part�c�pants were d�-
v�ded �nto an HBO2 group and a placebo group wh�le cont�-
nu�ng the�r tra�n�ng rout�nes. The HBO2 group was exposed
to normal a�r for 15 m�nutes wh�le the chamber was pressu-
r�zed to 2.5 ATA, followed by three 25-m�nute sess�ons of
100% oxygen w�th f�ve-m�nute a�r breaks between sess�ons.
The placebo group was pressur�zed to 1.3 ATA and rece�ved
100% oxygen only dur�ng depressur�zat�on. Treatments
were conducted tw�ce a week for f�ve weeks. Blood samples
were taken before therapy began, a�er the f��h and tenth
sess�ons, and two weeks post-treatment to assess creat�ne
phosphok�nase, myoglob�n, lactate, blood urea n�trogen,
and glutam�c oxaloacet�c transam�nase.

Results revealed s�gn�f�cant reduct�ons �n glutam�c oxalo-
acet�c transam�nase, myoglob�n, creat�ne phosphok�nase,
and pa�n �n the HBO2 group a�er the f��h and tenth sess�-
ons. The HBO2 group also reported s�gn�f�cant �mprove-
ments �n pa�n �ntens�ty and �nterference compared to the
control group. These f�nd�ngs suggest that HBO2 �s e�ect�ve
�n reduc�ng markers of muscle �njury and allev�at�ng pa�n,
thereby support�ng recovery.

Although mult�ple stud�es have concluded that HBO2 has
no s�gn�f�cant e�ect on DOMS (6), methodolog�cal �ssues
such as small sample s�zes, lack of random�zat�on and bl�n-
d�ng, and contrad�ctory study des�gns l�m�t the�r rel�ab�l�ty
(41). Further large-scale, random�zed controlled tr�als are
needed to obta�n more def�n�t�ve conclus�ons.

L�gament Injur�es

Ish�� et al. �nvest�gated the e�ects of HBO2 on l�gament he-
al�ng �n the r�ght h�nd l�mbs of 44 male W�star rats w�th ex-
per�mentally �nduced �njur�es (42). The rats were d�v�ded
�nto four groups post-�njury: (a) a control group that breat-
hed room a�r �n a hyperbar�c chamber for 60 m�nutes; (b)
HBO2 at 1.5 ATA for 30 m�nutes once a day; (c) HBO2 at 2
ATA for 30 m�nutes once a day; and (d) HBO2 at 2 ATA for
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60 m�nutes once a day. Fourteen days a�er the �njury, the
researchers compared gross appearance, h�stology, and
pro-alpha (I) mRNA express�on across groups. HBO2 s�gn�f�-
cantly enhanced l�gament heal�ng compared to the control
group, w�th the most e�ect�ve treatment be�ng HBO2 at 2
ATA for 60 m�nutes da�ly, as ev�denced by �ncreased extra-
cellular matr�x depos�t�on and collagen synthes�s.

Horn et al. evaluated HBO2's e�ects on heal�ng lacerated
med�al collateral l�gaments (MCL) �n 48 Sprague-Dawley
rats (43). The r�ght MCL was surg�cally lacerated, wh�le the
le� rema�ned �ntact as a control. Half of the rats underwent
da�ly HBO2 at 2.8 ATA for 1.5 hours over f�ve days. St��ness
and force to fa�lure were assessed at 2, 4, 6, and 8 weeks
post-surgery. At 4 weeks, the HBO2 group showed s�gn�f�-
cantly �ncreased force to fa�lure �n the �njured l�gaments
compared to the control group, though no add�t�onal �mp-
rovements were observed by 6 weeks.

Mash�tor� et al. stud�ed 76 Sprague-Dawley rats w�th a 2-
mm segment of the MCL removed (44). Th�rty-e�ght rats re-
ce�ved HBO2 at 2.5 ATA for 2 hours, f�ve days a week, wh�le
the rema�n�ng rats were exposed to room a�r. The HBO2 gro-
up exh�b�ted more scar t�ssue, s�gn�f�cantly h�gher Type I
procollagen gene express�on at 7 and 14 days, and greater
tens�le strength and st��ness at 14 days. These f�nd�ngs �n-
d�cate that HBO2 enhances scar t�ssue format�on and �mp-
roves l�gament tens�le propert�es.

In a double-bl�nd, random�zed, controlled study, Soolsma
exam�ned HBO2's e�ect on grade II MCL recovery �n hu-
mans (45). The protocol �ncluded cl�n�cal assessments, MRI
scans, and two weeks of e�ther HBO2 (2 ATA, 100% oxygen,
one hour da�ly) or sham treatment (1.2 ATA). Results sho-
wed that HBO2 reduced edema and muscle wast�ng, �mpro-
ved range of mot�on, and enhanced max�mum knee �ex�on.

Takeyama et al. �nvest�gated the e�ects of HBO2 on med�al
collateral l�gament (MCL) and anter�or cruc�ate l�gament
(ACL) �njur�es �n 64 Sprague-Dawley rats (46). HBO2-treated
groups (2.5 ATA) d�splayed s�gn�f�cantly h�gher Type I pro-
collagen and TIMPs gene express�on compared to controls.
Wh�le HBO2 �mproved structural prote�n synthes�s and �n-
h�b�ted degradat�on �n ACL �njur�es, �t was �nsu��c�ent for
complete heal�ng. The authors suggested that HBO2 could
enhance ACL surgery outcomes when used adjunct�vely.

Yeh et al. stud�ed HBO2's e�ects on ACL reconstruct�on �n
rabb�ts (47). Forty rabb�ts were d�v�ded �nto an HBO2 group
(2.5 ATA, 100% oxygen, 2 hours da�ly) and a control group.
Postoperat�ve analyses revealed that the HBO2 group exh�-
b�ted �ncreased Sharpey's f�bers, enhanced neovascular�za-
t�on, and better tendon-bone �ntegrat�on. B�omechan�cal
test�ng showed h�gher pullout strength, wh�le electron m�c-

roscopy revealed more compact collagen f�bers �n the HBO2
group.

HBO2 generally promotes l�gament and tendon heal�ng by
enhanc�ng scar t�ssue format�on, collagen synthes�s, and
tens�le strength. Its e�ect�veness �s dose-dependent, w�th
h�gher-pressure and longer-durat�on treatments y�eld�ng
better results. However, some stud�es suggest benef�ts may
plateau over t�me, h�ghl�ght�ng the need for further rese-
arch �nto opt�mal treatment protocols.

Bone Marrow Edema

Bone marrow edema �s a common sports �njury, part�cularly
follow�ng acute trauma (48). If untreated, �t can lead to
compl�cat�ons such as osteonecros�s (49-51). Treatment op-
t�ons �nclude pharmaceut�cals l�ke non-stero�dal ant�-�nf-
lammatory drugs (NSAIDs) and b�sphosphonates, we�ght-
bear�ng restr�ct�ons, and core decompress�on. However,
these �ntervent�ons may be less e�ect�ve �n cases of poor
c�rculat�on (49,51,52).

HBO2 therapy o�ers add�t�onal benef�ts, �nclud�ng c�rcula-
t�on �mprovement and ant�-edema e�ects. It also promotes
bone regenerat�on by enhanc�ng osteosynthes�s, neoang�-
ogenes�s, and vasculogenes�s (18). Stud�es show that HBO2
st�mulates the express�on of osteogen�c markers and �ncre-
ases m�neral depos�t�on �n mesenchymal stem cells (53).

Cl�n�cal stud�es support the benef�c�al e�ects of HBO2 on
osteonecros�s and bone marrow edema. Numerous reports
document reduced pa�n scores, �mproved range of mot�on,
enhanced qual�ty of l�fe, and rad�ograph�c �mprovements �n
pat�ents w�th avascular necros�s of the femoral head follo-
w�ng HBO2 therapy (54-60).

Mogham�s et al. �dent�f�ed HBO2 as a prom�s�ng, non-�nva-
s�ve alternat�ve to core decompress�on for treat�ng non-tra-
umat�c pre-collapse avascular necros�s of the femoral head
(61). Add�t�onally, Verver�d�s et al. rev�ewed e�ght stud�es
(2004-2018) and found that HBO2 e�ect�vely resolved ede-
ma, rel�eved pa�n, and �mproved range of mot�on �n pat�-
ents unrespons�ve to conservat�ve treatments. Although the
t�me requ�red for rem�ss�on (15-90 sess�ons) was noted as a
drawback, HBO2 was h�ghl�ghted as a potent�al alternat�ve
for these cases (51).

CONCLUSION
Th�s systemat�c rev�ew exam�nes the potent�al benef�ts of
HBO2 for var�ous sports �njur�es. The l�terature �s extens�ve,
but standard�zat�on �s challeng�ng due to the d�vers�ty of
�njury types, the use of d��erent an�mal models �n exper�-
ments, the l�m�ted number of human stud�es, and the lack
of random�zat�on and bl�nd�ng. Narrow�ng the scope of fu-
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ture rev�ews to spec�f�c �njury types could �mprove the prac-
t�cal value of such stud�es.

HBO2 appears more e�ect�ve as an adjunct�ve treatment
than a standalone therapy, w�th �ts �mpact vary�ng by �n-
jury type. Wh�le no standard�zed treatment protocol has
been establ�shed, ev�dence from ex�st�ng stud�es suggests
that a protocol �nvolv�ng 90 to 120 m�nutes of HBO2 at 2.0-
2.5 ATA for at least f�ve days a week could be opt�mal. The
total number of sess�ons should be ta�lored to the pat�ent's
cond�t�on.

Future research should focus on standard�z�ng treatment
protocols, evaluat�ng long-term e�ects, and conduct�ng
random�zed, controlled, double-bl�nd cl�n�cal tr�als w�th
larger human sample s�zes, part�cularly among athletes.
Th�s would enable more prec�se conclus�ons about the e��-
cacy of HBO2 �n sports �njury management.

Desp�te some l�m�tat�ons, the l�terature prov�des encoura-
g�ng ev�dence of HBO2's therapeut�c potent�al for sports �n-
jur�es. Cont�nued research w�ll help sol�d�fy �ts role as a va-
luable treatment modal�ty.
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