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Objective: Traumatic brain injury (TBI) is a global public health problem.
Hyperbaric oxygen (HBO) therapy may be beneficial for TBI because it im-
proves cerebral blood flow into tissues exhibiting low blood flow. This was done
to observe the clinical therapeutic effect of different intensities of rehabilita-
tion training and HBO therapy in early stages of TBI.
Approach: In this multicenter, randomized, stratified case-controlled pro-
spective clinical trial, we selected 158 patients with moderate-severe TBI and
assigned them into (1) a control group receiving routine once-daily (1/d) re-
habilitation training without HBO, (2) study group A receiving routine 1/d
rehabilitation training with HBO, (3) study group B receiving twice-daily (2/d)
intensified rehabilitation training with HBO, and (4) study group C receiving
2/d intensified rehabilitation training without HBO, all for 3 months. The
cognitive ability, activities of daily life (ADL), and movement ability were
assessed before and after training with the Fugl-Meyer Assessment (FMA),
Functional Independence Measure (FIM), Modified Barthel Index (MBI), and
Mini-Mental State Examination (MMSE).
Results: FIM, FMA, MBI, and MMSE scores were improved significantly after
1-, 2-, and 3-month rehabilitation training in all TBI patients ( p < 0.01), and
this improvement was especially remarkable in patients who received 2/d in-
tensified rehabilitation training with HBO ( p < 0.01).
Innovation: With extensive and intensive research on TBI rehabilitation, it was
proved that TBI rehabilitation intervention should be initiated as early as possible.
Conclusion: Early intensified rehabilitation training in combination with HBO is
more beneficial to the recovery of cognitive, ADL, and movement abilities of TBI
patients.
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INTRODUCTION
Traumatic brain injury (TBI) refers to blunt,

penetrating, or acceleration/deceleration force-
derived craniocerebral injury, which causes
symptoms such as decline in level of awareness or
consciousness, memory loss or forgetfulness, other
neurological or neuropsychological abnormalities,
and even death.1 It is a global public health problem
associated with high socioeconomic costs and sub-
stantial loss of healthy life-years due to ill health,
disability, and/or early death.2 Cognitive and motor
dysfunctions are the main sequelae in many patients
with severe TBI and seriously affect the quality of
life of these patients.3 In recent years, more atten-
tion has been paid to physiological, psychological,
and cognitive rehabilitation of patients with
moderate-severe TBI.4,5 With extensive and inten-
sive research on TBI rehabilitation, it is generally
accepted that TBI rehabilitation intervention should
be initiated as early as possible. Rehabilitation ini-
tiated within 1 month after TBI is called early re-
habilitation.6 Experimental studies have shown that
initiation of rehabilitation intervention in the acute
stage could improve the functional disturbances of
rats with TBI.7,8 Clinical studies have also demon-
strated that early rehabilitation is especially bene-
ficial to functional improvement of patients with
moderate-severe TBI, shortens the length of hospital
stay, and reduces hospital expenses.9,10 On the con-
trary, delayed rehabilitation will unfavorably affect
future functional recovery. Early rehabilitation has
gradually achieved consensus in the circle of modern
rehabilitation medicine. The intensity of rehabilita-
tion training is an important factor influencing the
therapeutic outcome. Previous studies have shown
that intensified rehabilitation training can help TBI
patients recover their functions sooner, improve
their Glasgow Outcome Score and Functional In-
dependence Measure (FIM) scores, and shorten the
length of hospital stay markedly.11–13

Hyperbaric oxygen (HBO) therapy is intermittent
inhalation of 100% oxygen at greater than normal
atmospheric pressure and may be beneficial for TBI
because it improves cerebral blood flow into tissues
exhibiting low blood flow.14 Hyperoxia improves ce-
rebral metabolic consumption of oxygen, and also
leads to the improvement of oxygenation and reduc-
tion in cerebral edema and intracranial pressure.15,16

Usually,HBOtherapylasts for6monthsasonecourse
and is generally followed up for 3–5 years. Clinically,
HBO therapy can effectively improve the histological
structure and brain function (significantly increasing
regional cerebral blood flow) in varying degrees
throughout the whole treatment period of TBI (it will
be 6 months in general according to American college

of surgeons trauma quality improvement program)
and promote regeneration and remodeling of neurons
(activating of redundant neurons and leading to sig-
nificant neurological improvement).17–19

However, most of these studies on HBO therapy
of TBI patients were limited to the chronic stages
(at least 3 years postinjury with persistent neuro-
logical and brain deficits), and few studies have
focused on the impact of HBO in the early stage of
TBI. It is therefore unclear whether early HBO in
combination with rehabilitation training could fa-
vorably affect functional recovery of TBI patients.

To observe the effect of different intensities of
rehabilitation training in combination with HBO
on early TBI, we conducted a multicenter random-
ized controlled prospective study in TBI patients
in an attempt to explore the therapeutic efficacy
of different-intensified rehabilitation training in
combination with HBO on early TBI. Our hy-
pothesis was that twice-daily (2/d) intensified re-
habilitation training would be more beneficial for
improving post-TBI dysfunctions when compared
with the conventional once-daily (1/d) one. In ad-
dition, HBO may also promote functional recovery
of TBI patients in early rehabilitation therapy. And
the safety of 2/d intensified rehabilitation training
was also explored and discussed.

CLINICAL PROBLEM ADDRESSED

Knowledge of the effect of different intensities of
rehabilitation training in combination with HBO
on early TBI will be an important factor influencing
the therapeutic outcome.

MATERIALS AND METHODS
Definitions and classifications

TBI is defined as damage to the brain resulting
from external mechanical force, such as rapid ac-
celeration or deceleration, impact, blast waves, or
penetration by a projectile. As a consequence of the
injury, brain function is temporarily or perma-
nently impaired and structural damage may or
may not be detectable with current imaging tech-
nology. TBI is usually classified based on severity,
anatomical features of the injury, and the cause of
the injury. The severity is assessed according to the
loss of consciousness duration, post-traumatic
amnesia, and Glasgow coma scale (GCS) grading of
the level of consciousness.20

Samples
Included in this study were TBI patients who were

admitted for treatment in No. 128 Hospital, No. 117
Hospital, No. 123 Hospital, and Hangzhou Hospital
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between January 2013 and December 2017. These
hospitals are public hospitals with special trauma
rehabilitation centers. Inclusion criteria were as fol-
lows: (1) TBI was confirmed by computed tomography
(CT) or magnetic resonance imaging brain imaging,
andthedurationofTBIwas less than15days, (2)GCS
score £12 (severe form £8, moderate form 9–12), (3)
age 18–70 years, and (4) no regular rehabilitation
therapy before admission. Exclusion criteria were as
follows: (1) history of motor and cognitive dysfunc-
tions (elicited from patient and/or family), (2) pres-
ence of severe major organ deterioration or failure, (3)
being able to take care of daily life with a Modified
Barthel Index (MBI) >70, (4) persistent coma
>15 days, and (5) inability to obtain consent from pa-
tient or/and family. A total of 179 TBI patients met
these inclusion and exclusion criteria, and 21 were
lost to follow-up. Finally, 158 TBI patients were en-
rolled in this study. According to the frequency and
intensity of rehabilitation training with or without
HBO therapy, patients were randomized to four
groups: (1) the control group, in which patients re-
ceived routine 1/d rehabilitation training without
HBO; (2) study group A, in which the patients re-
ceived routine 1/d rehabilitation training with HBO;
(3) study group B, in which the patients received in-
tensified 2/d rehabilitation training with HBO; and
(4) study group C, in which the patients received in-
tensified 2/d rehabilitation training without HBO.
There was no significant difference in general clinical
data (e.g., number of case and sex, age, and GCS
score) among the four groups ( p > 0.05), and therefore
they were comparable, which facilitated the objective
evaluation of the later experiment (Table 1). The re-
search protocol was approved by the ethics commit-
tees of the related hospitals, and informed consent
was obtained from all the participating patients’
families before initiation of the study.

Treatment methods
There was no significant discrepancy in emergency

treatment measures during the acute stage among
the four groups of patients. In addition to routine
surgical and medical interventions and nursing care,
patients in the control group received systematic and

standardized functional training, including place-
ment of the unaffected limb, functional electric stim-
ulation (20 min at a time daily), acupuncture
treatment (30 min at a time daily), exercise therapy
(45 min at a time daily), occupational therapy (30 min
at a time daily), speech therapy (30 min at a time
daily), and cognitive behavior therapy (30 min at a
time daily), using 1 month as a course of treatment for
threecourses.Thetrainingwasconducted twiceaday
for patients in study group B and C. Patients in study
group A and B also received HBO at 2.0 atmospheric
pressure absolute (ATA) for 1 h daily for 20 days as a
course of treatment for three courses, with a 10-day
interval between every two courses.

Evaluation methods
Each center appointed designated professionals

(n = 3) to perform evaluation in a blind manner
before initiation of the rehabilitation training after
admission (T0), and at 1 (T1), 2 (T2), and 3 (T3)
months after rehabilitation training, with Mini-
Mental State Examination (MMSE), MBI, FIM,
and Fugl-Meyer Assessment (FMA).

Statistical analysis
Data were treated with EXCEL 2003 were ana-

lyzed statistically with SAS8.1 and are expressed as
mean – SD (�x – S). Chi-square test was used for
counting data, and two-factor repeated measurement
analysis of variance was used for measuring data. p-
Values<0.05wereconsideredstatistically significant.

RESULTS
Impact of rehabilitation therapy
on MBI of TBI patients

The MBI scores in study group B and C were sig-
nificantly higher than those in the control group at
T1, T2, and T3 (F = 5.08, p < 0.0001). There was no
significant difference in MBI between study group A
andthecontrolgroupatalldesignatedtimepoints. In
addition, there was a cross-effect among different
groups and time points (F = 5.02, p < 0.0001), sug-
gesting that the MBI scores were not all the same in
different groups and at different time points, nor
were the rates of variance. Comparison of the MBI

Table 1. General clinical data of the traumatic brain injury patients in four groups

Group Case

Sex

Age (year)

GCS Score

Cause of Injury

M F £8 9–12
Traffic

Accidents
Falls

from Height
Blunt
Injury Falls

Control 42 35 7 46.21 – 10.45 26 16 25 14 0 3
Study group A 39 35 4 45.78 – 11.24 27 12 23 11 1 4
Study group B 39 36 3 45.27 – 13.72 26 13 24 9 2 4
Study group C 38 34 4 44.81 – 12.68 25 13 26 7 3 2

GCS, Glasgow coma scale.
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scores at different time points showed that there
were statistically significant differences in MBI
among different time points. With time prolonged,
the MBI score in each group increased gradually.
Comparison of the four time points showed T3 >T2
>T1 >T0 (F = 1309.71, p < 0.0001; Fig. 1).

Impact of rehabilitation therapy
on MMSE of TBI patients

The MMSE score in study group B was signifi-
cantly higher than that in the control group at T1,
T2, and T3. The MMSE score in study group 3
significantly increased at T3 (F = 3.99, p < 0.0003).
The MMSE was relatively lower in study group A
and the control group at all points. There was no
significant difference in MMSE between the two
groups at all points except T3. There was a cross-
effect between different groups and different time
points, suggesting that the MMSE scores were not
all the same in different groups and at different
time points, nor were the rates of variance (F = 5,
p < 0.0001). Comparison of the MMSE scores at
different time points showed that there were sta-
tistically significant differences in MMSE among
different time points. With time prolonged, the
MMSE score in each group increased gradually.
Comparison of the four time points showed T3 >T2
>T1 >T0 (F = 908.86, p < 0.0001; Fig. 2).

Impact of rehabilitation therapy
on FIM of TBI patients

The FIM score in study group B was significantly
higher than that in the control group at T1, T2,

and T3. The FIM score in study group 3 signifi-
cantly increased at T3 (F = 5.91, p < 0.0001). There
was no significant difference in FIM between the
two groups at all points. There was a cross-effect
between different groups and different time points,
suggesting that the FIM scores were not all
the same in different groups and at different time
points, nor were the rates of variance (F = 6.53,
p < 0.0001). Comparison of the FIM scores at differ-
ent time points showed that there were statistically
significant differences in FIM among different
time points. With time prolonged, the FIM score
increased gradually in all groups. Comparison
of the four time points showed T3 >T2 >T1 >T0
(F = 874.68, p < 0.0001; Fig. 3).

The impact of rehabilitation therapy
on FMA of TBI patients

The FMA score in study group B was signifi-
cantly higher than that in the control group at
T1, T2, and T3 (F = 5.69, p < 0.0001). There was no
significant difference in FMA among study group A
and C and the control group at all designated time
points. There was a cross-effect between different
groups and different time points (F = 5.56, p <
0.0001), suggesting that the FMA scores were not
all the same in different groups and at different time
points, nor were the rates of variance. Comparison
of the FMA scores at different time points showed
that there were statistically significant differences
in FMA among different time points. With time
prolonged, the FMA score increased gradually in all

Figure 1. MBI scores of different groups with different rehabilitation in-
terventions, compared with the control group, *p < 0.05. MBI, Modified
Barthel Index.

Figure 2. MMSE scores in different groups with different rehabilitation
interventions, compared with the control group, *p < 0.05. MMSE, Mini-
Mental State Examination.
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groups. Comparison of the four time points showed
T3 >T2 >T1 >T0 (F = 1390.93, p < 0.0001; Fig. 4).

DISCUSSION

The results of this study are consistent with our
initial expectation. Compared with the control
group, intensified rehabilitation training was able

to improve post-TBI functional disorders. In-
tensified rehabilitation training in combination
with HBO therapy could further improve post-TBI
functional disorders. However, 1/d rehabilitation
training in combination with HBO did not signifi-
cantly improve the cognitive ability, movement
ability, or activities of daily life (ADL) of the TBI
patients. The results of this study indicate that TBI
patients were able to tolerate 2/d rehabilitation
training without sustaining significant adverse
effects and the rate of giving up and missing the
training was relatively lower, suggesting that the
2/d intensified rehabilitation training is a safe and
feasible regimen.

The present study also found that MBI, MMSE,
FIM, and FMA scores of the TBI patients increased
gradually with the lapse of time during the 3-month
systematic, standardized, and comprehensive re-
habilitation training in all groups, indicating that
early, sustainable comprehensive rehabilitation
training can help TBI patients improve their ADL
and cognitive ability and promote the recovery of
mobility of their extremities. These findings are
consistent with the reports in the literature.13,21,22

Our study found that after 1 month of training,
MBI and MMSE scores of the patients in the in-
tensified training groups began improving signifi-
cantly as compared with the control group, while
there was no significant improvement in FIM or
FMA. Compared with that of the control group,
MBI, MMSE, FIM, and FMA in the intensified re-
habilitation training + HBO group were signifi-
cantly better and were not significantly different
between the routine training + HBO and control
groups, indicating that intensified training can
improve ADL and cognitive ability, especially
movement ability. These effects became more ob-
vious after 2- and 3-month rehabilitation training,
especially in the intensified rehabilitation training
groups. There was no significant difference in FIM,
MBI, or FMA between the routine training and
control groups, indicating that the therapeutic
outcome of HBO is closely correlated with the in-
tensity of rehabilitation training. However, there
are studies reporting that HBO did not help much
in improving the movement and cognitive abilities
of TBI patients.23,24 Unlike our study, these studies
explored the effect of HBO simply from the aspect
of HBO itself without taking rehabilitation train-
ing into account. Our opinion is that TBI rehabili-
tative intervention should be comprehensive by
using multiple therapeutic methods. We found
in our study that HBO therapy could partially
improve post-TBI functional disorders, and this
effect was closely correlated with the intensity of

Figure 3. FIM scores in different groups with different rehabilitation in-
terventions, compared with the control group, *p < 0.05. FIM, Functional
Independence Measure.

Figure 4. FMA scores in different groups with different rehabilitation in-
terventions, compared with the control group, *p < 0.05. FMA, Fugl-Meyer
Assessment.
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rehabilitation training. We maintain that
HBO should be combined with rehabili-
tation training, and it can work only when
the training reaches a certain degree of
intensity. In addition, in a previous study,
HBO was reported to have some adverse
and toxic effects.25 Some patients experi-
enced severe ear pain and received tympa-
nostomy. Thereafter, the ear pain subsided,
and the patients completed the full course
of HBO therapy successfully. However, in
our practice of using 2.0 ATA HBO · 60, we did not
find significant adverse effects, indicating that HBO
is relatively safe, which is consistent with some other
previous studies.1,25,26 Although Lin et al. reported
that using 2.0 ATA HBO for the treatment of sub-
acute moderate/severe TBI induced occurrences of
epilepsy in about 9% patients,27 we did not en-
counter such a case in our study.

We maintain that HBO should be combined with
rehabilitation training, and it can work only when
the training reaches a certain degree of inten-
sity. The improved tissue oxygenation and cellular
metabolism, antiapoptotic and anti-inflammatory
effects may constitute the multiple and comple-
mentary mechanisms underlying HBO-induced
neuroprotection.28 The brain receives 15% of the
cardiac output, consumes 20% of the total body
oxygen, and utilizes 25% of the total body glucose.
Still, this energy supply is only sufficient to keep
about 5–10% of the neurons active at any given
time. Thus, at standard healthy condition, at any
given time, the brain is utilizing almost all oxygen/
energy delivered to it. Indeed, the intensified re-
habilitation training process after brain injury re-
quires much additional energy. This is where HBO
treatment can help the increased oxygen level in
the blood and body tissues during treatment can
supply the energy needed for brain repair.20 Thus,
HBO therapy may serve as a promising neuropro-
tective strategy that when combined with other
therapeutic targets for TBI patients could improve
long-term outcomes.

There are some limitations to this study. For
instance, this study did not include patients with
extremely severe TBI, and all the included patients
were highly cooperative and had a strong willing-
ness to participate in the training, which lead them
to the completion of the whole training program
and the achievement of ideal outcome. And, further
research of a subanalysis could be made to try and
find out whether HBO was necessary equally all
along 1-, 2-, and 3 months.

We must admit that the results of HBO therapy
in clinical TBI trials are currently controversial.

There are four main reasons. First, the optimal
time window for HBO administration is one of the
crucial facts that determine its efficacy in TBI. The
data of these preclinic and clinic studies indicated
that HBO is beneficial when it is applied in the
early stage.29 Application of HBO therapy within a
therapeutic time window established in preclinical
study is an important requirement for efficiency.
Second, objective and precise assessment methods
are another challenge in the evaluation of the ef-
ficacy of HBO therapy in TBI patients. Cognitive,
emotional, behavioral, and physical impairments
are common sequelae of TBI. Relying totally on the
self-administration assessments is a weakness of
these studies. In most clinical studies, more objec-
tive assessment methods, such as brain single
photon emission CT imaging or electrophysiologi-
cal measurement may be needed to provide au-
thentic evidences for HBO therapy or control
interventions and to allow a greater refinement
of HBO therapy in TBI. Third, heterogeneity of
the patients and HBO paradigms (pressure, fre-
quency, and length of treatment course) partly
affect or determine the outcome. There were var-
iations in age of patients, and in severity and
nature of the injury in the studies. There is sig-
nificant preference that HBO showed more effi-
ciency in younger age.30 Fourth, HBO therapy is
not a completely benign process and there are
concerns about its safety aspects. Possible com-
plications during HBO therapy include barotrau-
matic lesions (middle ear, nasal sinuses, inner
ear, lung, and teeth), oxygen toxicity (central
nervous system and lung), confinement anxiety,
and ocular effects (myopia and cataract growth).31

In conclusion, if safety guidelines are strictly fol-
lowed, HBO therapy is a modality with acceptable
rate of complications.

INNOVATION

It was found in our study that intensified reha-
bilitation training could not only improve the ADL
and cognitive ability of TBI patients but also im-

KEY FINDINGS

� Intensified rehabilitation training in combination with HBO therapy could
further improve post-TBI functional disorders.

� The early, sustainable comprehensive rehabilitation training can help TBI
patients improve their ADL and cognitive ability and promote the re-
covery of mobility of their extremities.

� HBO should be combined with rehabilitation training, and it can work
safely only when the training reaches a certain degree of intensity.

668 LU ET AL.



prove their prognosis, because movement training
can obviously promote the plasticity of the central
nervous system’s structure and function.32–36 We
suppose that the role of intensified rehabilitation
training in improving the functional disorders of
TBI patients may be associated with its effect of
promoting nerve plasticity. Early intensified re-
habilitation training in combination with HBO is
more beneficial to the recovery of cognitive, ADL,
and movement abilities of TBI patients.
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Abbreviations and Acronyms

1/d ¼ once-daily
2/d ¼ twice-daily

ADL ¼ activities of daily life
ATA ¼ atmospheric pressure absolute

CT ¼ computed tomography
FIM ¼ functional independence measure

FMA ¼ fugl-meyer assessment
GCS ¼ glasgow coma scale
HBO ¼ hyperbaric oxygen
MBI ¼ modified barthel index

MMSE ¼ mini-mental state examination
TBI ¼ traumatic brain injury
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