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Abstract

Aim: This study aimed to investigate the effects of ten sessions of Hyperbaric
Oxygen Therapy (HBOT) on pain and quality of life in patients with bone marrow
edema (BME) who had no specific etiological diagnosis and had previously tried
immobilization and analgesic-anti-inflammatory drugs without success.

Methods: This retrospective study involved patients aged 18-65 diagnosed with
BME via MRI. Participants underwent ten HBOT sessions in a multi-place pressure
chamber at 2.4 ATA for 120 minutes per session. Exclusion criteria included
avascular necrosis, active malignancy, advanced osteoarthritis, inflammatory
disease, claustrophobia, epilepsy, pregnancy, and lack of consent. The study
utilized the SF-12 Quality of Life Scale and Visual Analog Scale (VAS) for pain to
measure outcomes before and after HBOT, and data were analyzed using SPSS
25 with appropriate statistical tests.

Results: The study included 64 patients (51.6% female, median age 44). HBOT
significantly improved the overall quality of life (mean SF-12 score: before 4366
+ 2006, after 4889 + 2053, p=0.034) and showed notable reductions in pain (mean
VAS score: before 7,4 + 1,2 after 3,8 + 1,3, p<0.001). The male and overweight
patients showed more significant benefits.

Conclusion: HBOT is a promising treatment for BME-related pain and quality of
life improvement, especially in cases unresponsive to standard therapies.
Clinical improvement may begin after just ten sessions of HBOT. The findings
suggest that male and overweight patients may benefit more from HBOT,
highlighting the need for further research to explore the underlying mechanisms
and optimize treatment protocols.

Keywords: Bone marrow, hyperbaric oxygen therapy, pain, quality of life

N
OPEN @ ACCESS

www.jomdi.org

This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CC-BY 4.0) (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

JOMDI 1



https://www.jomdi.org/
https://doi.org/10.5577/jomdi.e250178
mailto:dravcimustafa@gmail.com
https://doi.org/10.5577/jomdi.e250178
https://orcid.org/0000-0001-6600-7414
https://orcid.org/0000-0002-7797-1353
https://orcid.org/0000-0003-3501-670X
https://orcid.org/0000-0002-5018-9070
https://orcid.org/0000-0002-3821-9767
https://orcid.org/0009-0006-2475-8838
https://doi.org/10.5577/jomdi.e250165
https://creativecommons.org/licenses/by/4.0/

Demir et al.

J Med Dent Invest 2025; 6: e250178

Introduction

Bone marrow edema (BME) is observed on magnetic
resonance imaging (MRI) scans where a substance
replaces normal fatty tissue in the bone marrow with a
high water content. BME can either be symptomatic or
asymptomatic (1). This edema can occur spontaneously
or for various reasons and, if associated with pain, can
significantly affect the individual's overall health and
well-being.

The recovery from BME depends on various factors,
including the underlying cause, the patient's overall
health, and the type of treatment received. Although
BME is most commonly seen in the lower extremities, it
is also seen in the pelvis, sacrum, vertebrae, wrist,
carpal bones, knees, and bones in the foot (2). The
causes of BME may include traumatic, inflammatory/
rheumatologic, mechanical/degenerative, neoplastic,
ischemic/neurogenic, and metabolic factors. Depending
on the etiology of the patient, treatments such as
analgesics, anti-inflammatory drugs, immunomodula-
tors, biological therapies, antineoplastics, antibiotics,
vitamin D, calcium, bisphosphonates, surgical
interventions, physical therapy, and immobilization may
be utilized (1).

The treatment aims to alleviate BME symptoms and
enhance the patient's quality of life by reducing pain and
functional limitations. One potential treatment for BME
that has gained attention in recent years is hyperbaric
oxygen therapy (HBOT). HBOT is a medical intervention
that involves administering pure oxygen to the patient in
a pressurized environment, typically in a specialized
chamber. This method of treatment is used for a variety
of medical conditions ranging from wound healing to
decompression sickness and carbon monoxide poisoning.
HBOT increases the amount of oxygen dissolved in the
patient’s blood. The increased partial pressure of oxygen
can then be distributed throughout the body. This
increased oxygen delivery can help heal hypoxic tissues,
directly reduce edema in the bone marrow by
vasoconstriction, and indirectly contribute to the
improvement of bone marrow edema by promoting
angiogenesis, improving venous drainage, improving
microcirculation, activating antioxidant mechanisms,
and accelerating bone regeneration (3).

This study aimed to investigate the effects of ten
sessions of HBOT on pain and quality of life in patients
with BME who had not been diagnosed with a specific
etiological cause and who had previously tried
immobilization and analgesic-anti-inflammatory drugs.

Materials and Methods

This retrospective study received approval from Kayseri
City Hospital Non-Interventional Clinical Research Ethics
Committee with the date of 25.06.2024 and the number
of 125.
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It included patients between 18 and 65 years
admitted to the Department of Hyperbaric Medicine
outpatient unit of Kayseri City Hospital between January
and June 2024. The sample size was calculated using the
program G*Power version 3.1.9.7 (2020) (University of
Dusseldorf, Germany) (for Windows 10), with 80% (beta)
power and a type 1 error rate of 0.05 (alpha), with
reference to similar studies in the literature, as 57.

These patients were diagnosed with BME in any joint
or bone through MRI by a radiologist with over ten years
of experience in this field. The patients had no known
specific cause for their BME (idiopathic BME). The
affected joints or bones of the patients had been
previously immobilized, and the patients had received
analgesic/anti-inflammatory treatment. Despite these
treatments, they still had persistent pain. Therefore,
they were considered suitable patients for HBOT.
Patients with avascular necrosis on MRl images, active
malignancy, advanced osteoarthritis, rheumatologic or
inflammatory  disease, claustrophobia, epilepsy,
pregnancy and patients were not capable of volunteering
to participate in the study were excluded from the study.
Informed consent was obtained from all patients or their
relatives who participated in the study.

The study patients received only HBOT, not any
additional therapy. In order to provide standardization,
each patient received ten sessions of HBOT in a multi-
place pressure chamber at a pressure of 2.4 ATA. Each
session lasted 120 minutes with 5-minute air breaks
every 25 minutes. The session was held once a day, every
weekday. In routine practice, when HBOT is planned for
BME patients, the SF-12 Quality of Life Scale and Visual
Pain Scale forms are filled out face-to-face with patients
both before the first HBOT session and after the last
HBOT session (the tenth session). We retrospectively
scanned these forms and obtained the data.
Demographic data of the patients was also recorded.

Our study used the "SF-12 Quality of Life Scale” to
assess all patients’ quality of life and physical and mental
well-being. This scale is a shortened version of the SF-36
Quality of Life Scale, developed to measure the quality
of life. The scale was developed by Gandek (4) in 1998,
and the Turkish validity and reliability were assessed in
2022 (5). The scale includes 12 items and eight sub-
dimensions, grouped into two main dimensions: The
Physical Component Summary (PCS) and the Mental
Component Summary (MCS). The PCS comprises four
dimensions: physical functioning (2 items), physical role
(2 items), general health (1 item), and body pain (1
item). The MCS also comprises four dimensions: social
functioning (1 item), emotional role (2 items), mental
health (2 items), and energy (1 item). The scale
calculates a total score using a point range of 0 to 100.
A decrease in scores indicates a decrease in quality of
life, while an increase in scores indicates an increase in
quality of life. The scale uses a weighted score
calculation, and the official SF-36 website was used for
this calculation (6).

The Visual Analog Scale (VAS) measured the
patient's pain. Participants were asked to score their
perception of pain on a 10-cm scale. The scale ranged
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from 0 (no pain) to 10 (the most pain) (7). The following
cut-off points were used on the scale: mild pain, 0-3

points; moderate pain, 4-7 points; and severe pain, 8-10
points (8). Study flow diagram is shown in Figure 1.

Evaluation with
magnetic resonance imaging
by an experienced radiologist

Potentially eligible Patients (n= 104)

v
Excluded (n=40)
> - No meeting inclusion criteria
e Not completing 10 sessions of HBOT
(n=6)
e  Those who do not fill out the form
after the end of treatment (n=27)
e Pregnant (n=2)
e Not capable of volunteering to
participate in the study (n=5)
v

’ Eligible Patients (n= 64) ‘

! '

Patients had BME in Patients had BME in
the knee (n=25) the hip (n=20)

|
v v

Patients had BME in Patients had BME in
the ankle (n=17) the shoulder (n=2)

Figure 1. Study flow diagram

Statistical Analysis

Analyses were performed by using SPSS software (IBM
SPSS Statistics version 25.0, IBM Inc., Armonk, NY, USA).

The normal distribution of the data was assessed
using the Kolmogorov-Smirnov test. Demographic data
were presented as mean + SD or median (min-max) based
on the normality test result. The SF 12 Quality of Life
Scale was analyzed in 3 sub-scales: the overall mean of
all questions, the mean of the sum of the PCS scores, and
the mean of the sum of the MCS scores before treatment
and after ten sessions of HBOT using Paired samples t-
test. We used several statistical tests to analyze the SF
12 Quality of Life Scale and its subheadings based on
demographic data. These included the Mann-Whitney U,
Kruskal-Wallis, Independent Sample T, and ANOVA tests.
We also used the McNemar-Browker test to compare the
changes in response to the pain severity scale questions
before and after treatment.

Additionally, we performed Pearson's correlation
and Spearman’'s rho correlation tests to examine the
pairwise correlation between the SF 12 Quality of Life
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Scale and its subscales. The evaluation of pain scale
change was done using a linear regression model. We
considered p<0.05 statistically significant at a 95%
confidence level

Results

Sixty-four patients who met the inclusion criteria and
had complete data available were included in the study.
Of these patients, 25 had BME in the knee, 20 in the hip,
17 in the ankle, and 2 in the shoulder (Figure 1). The
participants had a median age of 44 years (18-65), a
mean height of 167,13 cm + 7,42 cm, and a mean weight
of 77,94 kg + 10,93 kg. The gender distribution was
balanced, with 51,6% females and 48,4% males (Table 1).

The data obtained in our study included the overall
mean of SF-12 Quality of Life Scale scores and summaries
of physical and mental components both before and after
treatment. The results indicate that HBOT significantly
improved overall quality of life (Table 2).
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Table 1. Demographic data

Variable Mean = SD
Age
Height 167.13 £ 7.42
Weight 77.94 + 10.93
Variable N
Gender

Female 33

Mal

ale 3

Marital Status

Married 51
Single
7
Divorced
6
Education Status
Primary Education 12
Secondary Education
High School 10
University
Master’s Degree 23
13
Illiterate 2
4
With whom one lives in the family
Lives Alone 3
One lives with wife/husband and
children 43
Lives with wife/husband
Lives with own’s family 8
. . . 9
Lives with one’s children
1
Alcohol use
Yes 3
No
61
Smoking Habit
Yes 15
No 49

When the findings analyzing the SF-12 Quality of Life
Scale score differences according to demographic data
were examined, the median value of the overall total
score difference of all questions was found to be 15.00
(min: -440, max: +855). Generally, we observed that
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Median (Min-Max)

44 (18-65)

%

51.6

48.4

79.7

10.9

9.4

18.8

15.6

35.9

20.3

3.1

6.3

4.7

67.2

12.5

14.1

1.6

4.7

95.3

23.4

76.6

demographic factors, except gender, did not have a
statistically significant impact on the effectiveness of
HBOT. However, it was noted that male patients showed
a more favorable response to the HBOT (Table 3).
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Table 2. Mean overall and two dimension averages of SF 12 Quality of Life Scale

After Treatment

Before Treatment

Variable

Overall Average

Physical component summary sum of scores (Questions 1-
2-3-4-5-8)

Mental component summary sum of scores (Questions 6-7-
9-10-11-12)

Pair test, SD: Standard Deviation

Mean x SD Mean x SD
43.66 + 20.06 48.89 + 20.53 0.034
34.00 + 22.71 39.95 + 24.48 0.098
53.55 + 23.76 57.50 £ 23.20 0.103

Table 3. Total score difference for all questions according to demographic data

Median (Min; Max)

Variable Sub Variable
Male
Gender
Female
Married
Marital Status
Single
< 40 years
41-60 age
Age
>61 years
Normal (<24.99)
BMIa Overweight (25.00-29.99)

Obese (>30.00)

Illiterate

Primary and Secondary School
Education Level

High School

University and Above

Yes

No.

Smoking habit

*Mann-Whitney U test, #Kruskal-Wallis test, aBMI: Body Mass Index

When the findings analyzing the differences in the
scores of the physical component items of the SF-12
Quality of Life Scale according to demographic data were
examined, the median value of the difference in scores
of the physical component items was found to be 25.00
(min: -350, max: +475). In general, other demographic
variables did not affect the difference in physical
component scores except for body mass index.
Overweight patients experienced more favorable
changes in the physical component items.

Our SF-12 Quality of Life Scale analysis found that
the average difference in scores for the mental
component items was 23.75 + 114.80. Our study revealed
significant differences in MCS between genders and BMI
groups. Men experienced more positive changes in MCS
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31 (48.4) 70 (- 420; + 855)
0.037*
33 (51.6) -45 (- 440; + 520)
51 (79.7) 5 (- 440; + 650)
0.329*
13 (20.3) 65 (- 210; + 855)
16 (25.0) 75 (- 290; + 650)
43 (67.2) 5 (- 440; + 855) 0.402*
5 (7.8) -25 (- 420; + 520)
15 (23.4) 5 (-105;+315)
31 (48.4) 80 (-420;+855) 0.0517
18 (28.1) -52.5 (-440;+175)
4 (6.3) 17.50 (-440;470)
22 (34.4) 2.5 (-330;+520)
0.673"
23 (35.9) 45 (-290;+855)
15 (23.4) 65 (-420;+455)
15 (23.4) 20 (-420;+855)
0.918*
49 (76.6) 10 (-440;+650)

than women (p=0.040). Additionally, we observed that
overweight patients experienced more favorable changes
in mental component items compared to obese patients
(p=0.029). Other demographic variables such as marital
status, age, education level, occupation, and smoking
showed no significant effect on the mental component
items.

Our study observed a significant decrease in pain
level after the treatment (p<0.001). We used the VAS to
evaluate patients’ pain levels before and after the
treatment.

The following findings outline the changes in pain
levels before and after the treatment:

e Of the patients who had experienced moderate

pain before treatment, 29.27% (12 patients)
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showed an improvement to mild pain after
treatment. This indicates that the therapy also
positively affected patients with moderate
pain.

e The treatment reduced pain intensity in most
patients experiencing mild to moderate pain,
enabling them to report a better pain level.

e A total of 12 patients, representing 66.67% of
the patients who experienced severe pain
before treatment decreased to milder pain
levels after treatment. This shows that the
treatment was effective in severe pain.

e The results of the McNemar-Bowker test show
that the treatment had a significant effect on
pain intensity, and the pain level decreased
significantly after treatment (p<0.001) (Table
4).

In addition, a negative correlation was found
between the overall total quality of life score and the
pain scale (r=-0.314, p=0.011). This suggests that pain
levels decrease as the overall quality of life increases.
Although a weak and negative correlation existed
between MSC and pain scale (r=-0.203, p=0.108), this
relationship was not statistically significant. There was
also a weak and negative correlation between PSC and

Table 4. Pain severity scale

After Treatment

pain scale (r=-0.214, p=0.089), but this relationship was
not statistically significant (Table 5).

The regression analysis results showed the impact of
the overall difference in quality of life on the change in
pain scale. Two different regression models were
created, and the results are presented in Table 6. The
overall significance of the regression model was assessed
with the F test, and the model was found to be significant
(F=7.656, p<0.007). This indicates a significant
relationship between the dependent variable, pain scale
change, and the independent variable, quality of life
total difference (Table 6).

The results of the t-test indicated a statistically
significant increase in the pain scale change with an
increase in the overall total score difference of the
participants (t=2.767; p<0.007). The positive effect of
the overall total score difference on pain change is
confirmed by the standard error (B=121.204, Std.
Error=43.805) and the standardized coefficient
(B=0.332). When evaluating the model's explanatory
power (goodness of fit), the correlation coefficient
(R=0.332) indicates the strength of the relationship
between the independent and dependent variables. The
R? value of 0.110 suggests that the independent variable
accounts for 11% of the total variance in the dependent
variable. These findings confirm that changes in pain
levels significantly and positively impact the overall
difference in quality of life (Table 6).

Light Medium Severe Total
(1,2,3) (4,5,6,7) (8,9, 10)
Mild (1,2,3) 4 1 0 5
Moderate (4,5,6,7) 12 28 1 41
Before Severe (8,9,10) 2 10 6 18
Treatment Total 18 39 7 64
p<0.001 (McNemar-Browker test).
Table 5. Correlation between sub-categories of SF 12 Quality of Life Scale
Variables Correlation coefficient P
Grand Total - Physical IC 0.849* <0.001
Grand Total - Mental IC 0.779* <0.001
Physical IC - Mental IC 0.376* 0.002
Grand Total - Pain Scale -0.314# 0.011
Mental IC - Pain Scale -0.203# 0.108
Physical IC - Pain Scale -0.214# 0.089

*Pearson , # Spearman’s rho

o
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Table 6. Regression analysis results

Fixed 7.948 32.854 0.242 0.810
General Total
Pain Change 121.204 43.805 0.332 2.767 0.007
Difference
R=0.332 R2=0.110 F=7.656 P: 0.007

B: Unstandardized Coefficient, Std. Error: Standard Error, B: Standardized Coefficient, t: t-value

Discussion

In our study, we observed important results in pain
management and quality of life after ten sessions of
HBOT in patients with BME who had not been diaghosed
with a specific etiological cause. BME is categorized into
various types of joint disease and can be grouped as
reactive, ischemic, and mechanical. Reactive BME results
from an inflammatory response to environmental factors
such as arthritis and tumors, while ischemic BME is
associated with bone necrosis. Mechanical BME occurs as
a result of direct trauma or overload. Treatment options
differ depending on the underlying cause and may involve
directly addressing the root cause of BME. In some cases,
when the cause of BME cannot be attributed to a specific
clinical condition, it may be termed "idiopathic BME" (9).
Rest, pain control, bisphosphonates, vitamin D and
calcium supplementation, prostacyclins, iloprost,
denosumab, physiotherapy, and surgical methods are
commonly used to treat idiopathic BME, and these
treatments may also be used for other types of BME when
necessary. In recent years, extracorporeal shock wave
therapy and pulsed electromagnetic fields have also been
considered for symptomatic treatment of BME (10). The
use of HBOT as a treatment option for BME and related
conditions such as bone necrosis is based on the
underlying assumption that HBOT may be beneficial in
such cases. Nevertheless, it is imperative that scientific
evidence substantiates its recommendation as a routine
treatment for BME. BME may be associated with limited
physiological re-modeling due to reduced bone healing
capacity. HBOT has the potential to manage BME by
decreasing oxidative stress and pro-inflammatory
mediators while increasing the release of growth factors.
This may contribute to enhanced healing, improved
angiogenesis, and better regulation of vascular tone.
(11).

Treatment in BME aims to enhance pain
management, improve quality of life, and reduce the
duration of the disease. The findings of our study indicate
that ten sessions of HBOT led to a significant
improvement in the overall quality of life for patients
and a notable reduction in pain severity. In a
retrospective study focusing on BME in the knee, it was
found that patients who received HBOT showed a faster
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recovery process compared to those who did not receive
treatment. The study involved patients aged 18 to 65
years diagnosed by MRI and treated with a combination
of acetylsalicylic acid and bisphosphonates, with some
patients receiving HBOT. The study showed a significant
improvement in the group that received HBOT, and there
were no notable side effects. In this study, patients
underwent 30 HBOT sessions (12). The study suggests
that 30 sessions of HBOT may be needed to see
radiological improvement. However, our research
indicates that clinical improvement may begin after just
ten sessions of HBOT.

Another study investigated the use of HBOT for BME
of the hip. In this prospective, randomized study, two
groups were compared: one received pharmacological
treatment only, while the other received both
pharmacological treatment and 40 sessions of HBOT. The
results showed significantly greater BME resolution in the
HBOT group, suggesting that HBOT accelerates healing
and improves joint function (13). A case report discussed
the use of HBOT in treating transient hip osteoporosis. It
was confirmed that patients benefited after ten sessions.
Additionally, one patient, whose improvement after ten
sessions was unsatisfactory, received twenty sessions of
HBOT (14). In a study, 18 patients with BME of the hip
were followed up for approximately two years after
receiving conservative treatment, including HBOT. The
study reported that all patients recovered without
complications. No significant difference was found
between genders in this study. It has been emphasized
that an early and accurate diagnosis of hip BME should
be made with MRI, and patients can completely recover
with conservative treatments (15). Our study observed
that the male gender provided more significant
improvement in the mean SF-12 general score and
mental component after treatment. It is also observed
that overweight patients benefit more than normal-
weight and obese patients.

Recently, HBOT has been shown to improve
cognitive and physical performance in individuals
without disease (16-18). This effect may enhance the
quality of life for patients. Our study's correlation and
regression analyses showed that the enhancement in
quality of life was significantly affected by pain levels.
This supports the notion that the increased quality of life
was linked to improving BME.
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The  study’s limitations include  retrospective  Conflict of Interest: There is no any conflict of interest.

organization, small sample size, lack of long-term follow-
up, demographic differences, and the fact that it was
conducted in a single center. The implication that ten
HBOT sessions in our study are sufficient for BME patients
should be avoided. However, the finding that
improvement can be observed in ten sessions could serve
as a reference for future studies aiming to establish the
ideal number of sessions for this disorder.

Conclusion

In conclusion, this study provided valuable insights into
the potential of HBOT as an effective treatment for pain-
related BME. Findings from our research, which included
patients who had previously failed to respond to standard
treatments such as immobilization and analgesic-anti-
inflammatory drugs, showed that HBOT can significantly
improve quality of life and significantly reduce pain
intensity. The observation that male patients and those
who are overweight may benefit more from HBOT
warrants further research to understand the underlying
mechanisms contributing to these differences.

The significant negative correlation between post-
treatment quality of life scores and pain levels
emphasizes the importance of considering HBOT as a
promising approach to managing BME, especially in cases
where the etiology is unknown. This study provides a
basis for future research to confirm these findings and
investigate the optimal number of HBOT sessions
required for long-term benefits. HBOT is emerging as a
viable and promising therapeutic option that can be
integrated into the treatment regimen for BME with the
potential to improve patient outcomes and quality of
life.
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