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ABSTRACT
Objective: This study aimed to evaluate the knowledge and attitudes of resident physicians regarding crush injury, skeletal 
muscle compartment syndrome, and hyperbaric oxygen therapy (HBOT), and to identify factors associated with knowledge 
level.
Methods: This cross-sectional survey was conducted among resident physicians working at a tertiary training and research 
hospital between July 1 and August 1, 2023. A total of 318 residents participated. A 30-item questionnaire assessing 
sociodemographic characteristics and knowledge and attitudes regarding crush injury/compartment syndrome and HBOT 
was administered face-to-face and, where necessary, online. Knowledge was assessed using 13 items, scored 1 point for each 
correct response and 0 for incorrect responses.
Results: Of the 318 participants, 161 (50.6%) were women and 157 (49.4%) were men; 9 worked in basic sciences, 140 in 
surgical sciences, and 169 in internal medicine. When asked about treatment options for crush injury/compartment syndrome, 
83% of residents identified HBOT, ranking it third after fasciotomy and amputation. The median knowledge score was 8 of 
13. No significant difference in knowledge scores was found between internal medicine and surgical residents. However, 
significantly higher scores were observed among residents with ≥7 years of professional experience, those who had referred 
patients before or after an earthquake, and those who had received prior HBOT training.
Conclusion: Resident physicians demonstrated moderate knowledge of crush injury, compartment syndrome, and HBOT, 
with identifiable knowledge gaps. Professional experience and prior HBOT training were associated with higher knowledge 
levels. These findings highlight the need for targeted educational programs on HBOT.
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INTRODUCTION
Hyperbaric medicine is a relatively young specialty 
compared with many other fields of medicine, and 
awareness of it among physicians remains limited (1). 
ecause HBOT is delivered at only a limited number of 
centers, clinicians’ knowledge of how to refer patients 
with appropriate indications to suitable centers has been 
reported to be inadequate (2). Patients rarely present 
directly to hyperbaric medicine clinics; most are referred 
by other departments. Therefore, adequate knowledge 
of HBOT among physicians working outside hyperbaric 
medicine is important for patient management.
The literature includes studies demonstrating limited 
physician awareness of HBOT. One study reported that 
physicians had partially adequate knowledge of HBOT 
but were reluctant to refer patients because of insufficient 

knowledge of treatment costs (2). Another study showed 
that awareness of HBOT use in diabetic foot ulcers was 
below 10% among primary care physicians (3). These 
findings indicate that improving physician awareness of 
HBOT is important for patient management.
Crush injuries and compartment syndrome are among 
the important indications for HBOT. They are clinical 
conditions that may develop after earthquakes, traffic 
accidents, and occupational accidents, potentially 
leading to serious morbidity and mortality. A randomized 
controlled trial demonstrated that HBOT improved 
wound healing and reduced the need for surgical 
intervention in crush injuries (4). In particular, after the 
February 6, 2023 Kahramanmaraş-centered earthquakes, 
disruptions in referral processes for HBOT underscored 
the importance of physician awareness on this subject.
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The aim of this study was to evaluate the knowledge and 
attitudes of resident physicians regarding crush injury, 
skeletal muscle compartment syndrome, and HBOT, and 
to identify the factors influencing this knowledge.

METHODS
Study design and setting
This cross-sectional study was conducted among 
resident physicians working at a training and research 
hospital between July 1 and August 1, 2023. The study 
population comprised 928 resident physicians working 
at the hospital. To reduce bias, 20 residents working in 
underwater and hyperbaric medicine and in aerospace 
medicine were excluded.
The sample size was calculated using OpenEpi 
software, assuming an unknown prevalence of 50%, a 
margin of error of 5%, and a design effect of 1, yielding 
a minimum of 271 participants. Participants were 
selected by proportional stratified sampling according 
to department and invited to participate. A total of 318 
resident physicians participated.
Data Collection
Data were collected using a questionnaire developed by 
the researchers based on the literature. The questionnaire 
comprised 30 items assessing sociodemographic 
characteristics and knowledge and attitudes regarding 
crush injury, skeletal muscle compartment syndrome, and 
HBOT. The questionnaire was administered primarily 
face-to-face and, where this was not possible, online. 
Participation was voluntary, and informed consent was 
obtained from all participants. Knowledge level was 
assessed using a 13-item test. Correct answers were 
scored 1 point, and incorrect or “no opinion” answers 
were scored 0. Items allowing more than one option to 
be selected were not included in the knowledge score.

STATISTICAL ANALYSIS
Data were analyzed using SPSS version 21.0 (IBM Corp., 
Armonk, NY, USA). The conformity of continuous 
variables to a normal distribution was assessed with the 
Kolmogorov–Smirnov test. Non-normally distributed 
data were presented as median (minimum–maximum), 
and categorical variables as numbers and percentages. 
The chi-square test or Fisher’s exact test was used to 
compare categorical variables, and the Mann–Whitney 

U test was used to compare non-normally distributed 
continuous variables between two groups. The Kruskal–
Wallis test was used for comparisons among more than 
two groups (e.g., professional-experience categories), 
with pairwise post-hoc comparisons where the overall 
test was significant. Statistical significance was set at 
p<0.05. Residents working in basic sciences were not 
included in the subgroup analyses because they do not 
perform clinical patient follow-up and because of their 
limited sample size.

RESULTS
A total of 318 resident physicians were included. Of 
these, 161 (50.6%) were women and 157 (49.4%) were 
men. The median age was 28 years (range 24–45). In 
total, 169 (53.1%) worked in internal medicine, 140 
(44.0%) in surgical sciences, and 9 (2.9%) in basic 
sciences. Professional experience ranged from 1 to 18 
years (median 4) and residency duration from 1 to 6 
years (median 2) (Table 1).
Marked knowledge gaps were observed in the practical 
questions about HBOT. Among the participants, 79.6% 
reported not knowing the routine HBOT session pressure 
and 53.5% the session duration. For the statement “an 
intubated patient can receive HBOT with a pressure-
capable ventilator,” 49.4% of participants answered 
“no opinion.” The statement “a fire may occur if safety 
rules are not followed” had an agreement rate of 73.6% 
(Table 2).
Awareness of HBOT in the context of crush injury/
compartment syndrome was heterogeneous. While 
83.0% of participants stated that there was an indication 
for HBOT in crush injury/compartment syndrome, 
the proportion who considered this an “emergency 
indication” was 48.7%. The indication for HBOT in 
selected cases of compartment syndrome was reported as 
49.1% for the pre-fasciotomy setting and 65.7% for the 
post-fasciotomy setting. Agreement with the view that 
HBOT is indicated in the presence of muscle ischemia 
after fasciotomy was 70.4% (Table 3). When asked 
about treatment options, the most frequently selected 
option was fasciotomy (93.7%), and HBOT was selected 
by 83.0%.

Variable Category n %
Sex Female 161 50.6

Male 157 49.4
Specialty group Basic sciences 9 2.9

Internal medicine 169 53.1
Surgical sciences 140 44.0

P r o f e s s i o n a l 
experience 1–3 years 154 48.4

4–6 years 114 35.8
≥7 years 50 15.8

Table 1. Demographic and professional characteristics 
of the participants (n=318)

Question / Statement Response n %
Routine HBOT session 
pressure Do not know 253 79.6

Routine HBOT session 
duration Do not know 170 53.5

An intubated patient 
can be treated with 
a pressure-capable 
ventilator

No opinion 157 49.4

A fire may occur if safety 
rules are not followed Agree 234 73.6

Table 2. Practical knowledge questions regarding 
hyperbaric oxygen therapy (n=318)
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When knowledge level was evaluated based on the total 
score obtained from the 13 questions, basic sciences 
residents (n=9) were excluded from the subgroup 
comparisons, and analyses were performed with n=309. 
The median total score was 8 (0–12). No significant 
difference in total score was found between internal 
medicine and surgical sciences (p=0.09). In contrast, 
participants with ≥7 years of professional experience had 
higher total scores (p=0.012). Participants who reported 
referring patients for HBOT in the pre-earthquake and 
post-earthquake periods had significantly higher total 
scores than those who did not, in both periods (p=0.013 
and p=0.001, respectively). Participants who reported 
having received HBOT-related training also had 
significantly higher total scores than those who had not 
(p=0.035) (Table 4).
Among the participants, 13.2% reported having attended 
a course, seminar, or congress on HBOT during their 
education, while 90.5% expressed a desire for more 
information on HBOT.

DISCUSSION
Crush injuries and skeletal muscle compartment 
syndrome are among the important and emergency 
indications for HBOT. The increase in the number of 
cases due to crush injuries after the February 6, 2023 
Kahramanmaraş-centered earthquakes once again 
demonstrated the clinical importance of this subject (5).
In this study, the knowledge and attitudes of resident 

physicians regarding the use of HBOT in crush injury/
skeletal muscle compartment syndrome and the general 
principles of HBOT application were evaluated.
A substantial proportion of participants did not know basic 
application features such as the pressure and duration of 
a routine HBOT session. This finding is consistent with 
previous studies showing that physicians’ knowledge of 
HBOT is limited (2). In clinical practice, the frequent 
questions raised about HBOT session duration and 
application conditions suggest that disruptions may 
occur during treatment processes and that awareness of 
HBOT application principles needs to be improved.
Most participants had correct knowledge regarding 
the risk of fire, one of the important complications 
of HBOT. This may be related to the higher clinical 
awareness arising from the presence of an HBOT center 
at the institution where the study was conducted. In 
contrast, knowledge of technical issues such as oxygen 
delivery routes and the use of mechanical ventilators 
was inadequate. Similarly, other studies have reported 
that physicians have limited knowledge of HBOT 
application methods (2,6).
In our study, although the existence of an indication for 
HBOT in crush injuries and compartment syndrome was 
widely known, the emergency nature of this indication 
was answered correctly at a lower rate. This may be 
because HBOT emergency indications are not sufficiently 
addressed in medical school education (1). The facts that 
the study was conducted in the post-earthquake period 

Table 3. Awareness of hyperbaric oxygen therapy in crush injury/compartment syndrome (n=318)

Table 4. Factors associated with the total knowledge score (n=309*)

Statement Agree n (%) No opinion n (%) Disagree n (%)
There is an indication for HBOT in crush injury / 
compartment syndrome 264 (83.0) 47 (14.8) 7 (2.2)

Crush injury / compartment syndrome is among the 
emergency indications for HBOT 155 (48.7) 118 (37.1) 45 (14.2)

HBOT is indicated in selected pre-fasciotomy cases of 
compartment syndrome 156 (49.1) 126 (39.6) 36 (11.3)

HBOT is indicated in selected post-fasciotomy cases of 
compartment syndrome 209 (65.7) 103 (32.4) 6 (1.9)

HBOT is indicated in the presence of muscle ischemia after 
fasciotomy 224 (70.4) 83 (26.1) 11 (3.5)

Variable Group Median (Min–Max) p value
Specialty group Surgical sciences (n=140) 8.0 (0–12) 0.09

Internal medicine (n=169) 8.0 (0–12)
Professional experience 1–3 years (n=149) 8.0 (0–12) 0.012

4–6 years (n=110) 8.0 (0–12)
≥7 years (n=50) 8.5 (1–12)

Pre-earthquake HBOT referral Referred (n=114) 9.0 (1–12) 0.013
Not referred (n=195) 8.0 (0–12)

Post-earthquake HBOT referral Referred (n=100) 9.0 (1–12) 0.001
Not referred (n=209) 8.0 (0–12)

HBOT training Trained (n=42) 9.0 (1–12) 0.035
Not trained (n=267) 8.0 (0–12)

*Residents working in basic sciences (n=9) were excluded from the subgroup analyses.
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and that an HBOT center was present at the institution 
may explain why awareness was found to be higher than 
in some studies reported in the literature.
In the assessment of pre- and post-fasciotomy HBOT 
indications in compartment syndrome, the higher 
recognition of post-fasciotomy indications is noteworthy. 
However, considering the compartment-pressure–
reducing effects of HBOT applied in the early period, 
early referral is important for clinical outcomes (7). The 
fact that the majority of patients referred for HBOT in 
post-earthquake studies were cases who had already 
undergone fasciotomy suggests that early referral is not 
performed sufficiently in clinical practice (8,9).
Basic mechanisms of action of HBOT, such as its 
vasoconstrictive effect and its effect of reducing 
reperfusion injury, were correctly known by 
approximately half of the participants. The relationship 
between HBOT and reactive oxygen species, in 
particular, was observed to be insufficiently understood. 
In contrast, the higher recognition of the role of HBOT 
in preventing ischemic tissue injury indicates that 
physicians associate HBOT particularly with ischemia 
(2).
When treatment options were queried, HBOT being 
the most frequently selected option after fasciotomy 
and amputation may be explained by the presence 
of an HBOT center at the institution where the study 
was conducted and the effect of clinical information 
activities. Nevertheless, studies to be conducted at 
institutions without an HBOT center will contribute to a 
more objective evaluation of physician awareness.
The majority of participants stated that more education 
on HBOT should be provided; however, the rate of 
participation in HBOT-related educational activities 
was low. This may be due to insufficient attention to 
hyperbaric medicine education in medical schools. For 
this reason, curriculum arrangements and an increase in 
in-service training programs on HBOT are recommended 
(2). In addition, digital information sources frequently 
used today by both health care workers and patients have 
been shown to be of insufficient quality regarding HBOT. 
A recent study reported that 58% of HBOT videos on the 
YouTube platform were of poor or very poor quality, 
that the content generally showed low reliability, and 
that only videos prepared by health professionals had 
higher quality scores. This supports the need to develop 
structured educational programs and reliable digital 
educational materials on HBOT (10).
In the analysis by specialty, physicians working in the 
surgical sciences gave correct answers at a higher rate 
regarding HBOT session duration and post-fasciotomy 
indications. This is thought to be related to surgical 
clinics encountering these patients more frequently 
and working in closer cooperation with HBOT centers. 
Nevertheless, no significant difference was found 
between specialties in terms of total knowledge score.
It is expected that knowledge level increases with 
professional experience, and in our study, physicians with 

seven or more years of experience had higher knowledge 
scores. Similarly, the higher knowledge scores among 
physicians who had received HBOT-related training 
and who referred patients for HBOT indicate that 
clinical experience and educational exposure increase 
knowledge level. This finding is consistent with studies 
reported in the literature (3).
This study has several limitations. First, the research was 
conducted at a single center, and the generalizability of 
the findings to different institutions and levels of health 
care delivery may be limited; therefore, multicenter 
studies covering different geographical regions and 
institution types would reveal the knowledge and 
attitudes of resident physicians regarding HBOT more 
comprehensively. Second, because there is no standard 
measurement tool with demonstrated validity and 
reliability for measuring knowledge of crush injury/
skeletal muscle compartment syndrome and HBOT, 
the questionnaire used in this study was prepared on 
the basis of the literature, and the knowledge score 
was calculated from these questions; in future research, 
the development and use of scales with validated 
psychometric properties will increase the comparability 
of results and the reliability of measurement. Third, 
multiple subgroup comparisons were performed without 
formal correction for multiple testing, so the significant 
associations should be interpreted with appropriate 
caution. Finally, the presence of an on-site HBOT center 
may have increased awareness relative to institutions 
without such a facility, further limiting generalizability.

CONCLUSION
Our study shows that resident physicians have partial 
knowledge of HBOT but that there are significant 
knowledge gaps. In the management of crush injuries 
during mass disasters such as earthquakes, knowledge of 
the indications for HBOT and appropriate patient referral 
will contribute to improving clinical outcomes. Targeted 
educational interventions and curriculum arrangements 
are recommended to strengthen physician awareness of 
HBOT.
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