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Effects of Hyperbaric Oxygen during Experimental Tooth Movement

Sila Gokce?; A. Osman Bengi®; Erol Akin°; Seniz Karacay?; Deniz Sagdicc; Mehmet Kurkcus;

Hasan Suat Gokcef

ABSTRACT

Objective: To determine the effects of hyperbaric oxygen (HBO) on bone remodeling during
orthodontic tooth movement.

Materials and Methods: Twenty-four male, adult Sprague Dawley rats were randomly divided
into two groups. HBO was administered in the first group, and the second group served as a
control. The mandibular first molars were moved mesially by means of Ni-Ti closed coil springs
in all groups.

Results: Results were evaluated histomorphometrically and the parameters of trabecular bone
volume (BV/TV), trabecular bone number (Tr.N), and trabecular separation (Tr.Sep) were evalu-
ated at the interradicular bone area of the mandibular first molars. Increases in BV/TV and Tr.N
and decreases in Tr.Sep revealed the osteoblastic activity of HBO. HBO application caused an
increase in bone apposition and osteoblastic activity or a decrease in osteoclastic activity.
Conclusions: HBO enhanced the bone formation during experimental tooth movement. There-
fore, the findings of this study support our hypothesis that osteoblastic activity might be modulated
by changes in the environmental oxygen tension.
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INTRODUCTION

Hyperbaric oxygen therapy (HBO) is the inhalation
of 100% oxygen inside a hyperbaric chamber that is
pressurized to greater than 1 atmosphere absolute
(ATA; 760 mm Hg). HBO delivers oxygen quickly and
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systemically in high concentrations to injured areas.
The increased pressure changes the normal cellular
respiration process and causes oxygen to dissolve in
the plasma. HBO is beneficial because it stimulates
the growth of new blood vessels and results in a sub-
stantial increase in tissue oxygenation that can arrest
certain types of infections, and enhance wound heal-
ing. HBO is typically administered at 1 to 3 ATA. While
the duration of an HBO session is typically 90 to 120
minutes, the duration, frequency, and cumulative num-
ber of sessions have not been standardized.'3

HBO is appropriate for use in several surgical con-
ditions as evidence-based therapy. These are gas
gangrene, crush injuries, compartment syndromes and
acute traumatic ischemias, enhancement of healing in
selected problem wounds, exceptional blood loss ane-
mia, necrotizing soft-tissue infections, refractory oste-
omyelitis, soft-tissue radionecrosis and osteoradione-
crosis, compromised skin grafts and flaps, thermal
burns, and intracranial abscesses.*®

The following mechanisms have been identified that
serve to enhance the healing of treatment conditions:
hyper-oxygenation, vasoconstriction, bactericidal/bac-
teriostatic effect, angiogenesis and neovasculariza-
tion, and direct pressure.'?#

HBO increases dissolved oxygen in the blood and
results in a high partial pressure of oxygen (Pa0O,). An
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increase of PaO, affects the oxygen tension in regen-
erating tissue, which promotes collagen and adeno-
sine-triphosphate (ATP) synthesis, capillary ingrowth,
and osteoblastic and osteoclastic activity.®” The stim-
ulation of osteogenesis by HBO has been reported in
animal experiments and clinical treatments.8-

Oxygen tension has a triggering role in bone re-
modeling.” The increase in oxygen tension causes
cellular differentiation to osseous tissue, whereas de-
creased oxygen tension results in cartilage forma-
tion.®® There is a parallelism between the increase in
oxygen tension and increase in osteoblastic and os-
teoclastic activity.> HBO treatment causes a significant
increase in bone formation such that lamellar bone de-
velops in the chamber canal.’* There is also an ac-
celeration in bone healing and an increase in the
amount of new bone formation with HBO. HBO is ben-
eficial to and accelerates the union of autogenous free
bone grafts and the tissue incorporation of commer-
cially pure (c.p.) titanium implants in free autogenous
bone grafts.151¢

HBO treatment is intermittent, and Po, returns to pre-
existing levels within 10 minutes after treatment. The ex-
tremely high dose of oxygen during actual hyperbaric
treatment is followed by a return to the hypoxic state with
lactate build-up between treatments. Tissue macrophag-
es migrate to the area and secrete a variety of biochem-
ical messengers, including a chemotactic wound angio-
genesis factor, in response to the high lactate levels that
exist in the wound space.™ Therefore, angiogenesis is
increased in the hypoxic area (injury area) by HBO. Neo-
vascularization supplies more oxygen to the central area
of the wound. This increased oxygen tension promotes
osteogenesis, and all of these phenomena accelerate
the healing of bone.

HBO has been suggested to have a regulatory role
in bone remodeling. However, its role in remodeling
during orthodontic tooth movement is not fully under-
stood. Therefore, the aim of this study was to evaluate
the effects of HBO on bone tissue during experimental
tooth movement.

MATERIALS AND METHODS

The experiment was carried out according to the
guidelines for the use of experimental animals of Gul-
hane Military Medical Academy (Decision No. 04/36).
The study comprised 24 adult, male Sprague Dawley
rats of approximately the same age with an average
weight of 250 grams. The rats were randomly divided
into two equal groups and fed a standard pellet diet
with tap water ad libitum. The animals were adapted
to a 12-hour/12-hour light/dark cycle.

The rats were anesthetized with a xsilazine hydro-
chloride (10 mg/kg) and ketamine hydrochloride (90
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mg/kg) combination before the application of the
springs. The same chemicals were also used at a le-
thal dose prior to sacrifice. An orthodontic force was
administered to all groups. Ni-Ti closed coil springs
(0.305 X 0.915 mm), exerting 80 grams of reciprocal
force, were applied bilaterally between the mandibular
first molars and incisors. A prophylactic antibiotic, col-
icillin (0.1 mL/kg), was administered once to prevent
infection that could be caused by trauma during ap-
plication of the springs. The force was measured with
a gauge and the springs were not reactivated during
the experiment.

In the first group, HBO was administered for 60 min-
utes at 2.5 ATA, twice a day, with 80 grams of ortho-
dontic force. In the second group only orthodontic
force was administered. The rats were monitored dur-
ing the experiment and were sacrificed on the seventh
day of the experiment. The mandibles were dissected
and placed in 0.1 M phosphate-buffered 2.5% glutar-
aldehyde solution for fixation.

Bone Histomorphometry

Histological sections were prepared according to the
“Cutting-Grinding Technique.”'” The mandibles were
dehydrated using increasing ethanol concentrations.
After dehydration, specimens were exposed to plastic
infiltration using an increasing mixture of ethanol-
methyl methacrylate. The plastic infiltrated tissue slic-
es were placed in embedding molds, Technovit 7.200
VLC (Heraeus-Kulzer GmbH & Co KG, Hanau, Ger-
many) was added, and the final polymerization pro-
cess was accomplished.

The polymerized tissue blocks were prepared with a
band saw to 100 wm thickness, transferred to micro-
grinding system, and a tissue thickness of 1020 pm
was obtained. The sections were agitated in 10% H,0,
for 5 minutes, rinsed in water, wiped dry, and stained in
toluidine blue. All sections were evaluated using an
Olympus light microscope, and X4 images were trans-
ferred to a computer and the WIinTAS (Trabecular Ana-
lyze System, version 1.2.9) program (Figures 1 and 2).

Three different measurements in the interradicular
area of the first molars (cervical, middle, and apical)
were performed. Measurements were repeated twice
and the mean values calculated. All measurements
and calculations were done following the American
Society for Bone and Mineral Research nomenclature
and guidelines.'® Trabecular bone volumes (BV/TV),
trabecular bone numbers (Tr.N), and trabecular sep-
arations (Tr.Sep) were measured using the software
package developed for bone histomorphometry.

Statistical Method

The statistics were performed by using an SPSS
10.0 (SPSSFW, SPSS Inc, Chicago, lll) statistical
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Figure 1. Histological section of HBO group.

package. Descriptive statistics were shown as mean
+ standard deviation (Table 1). The differences be-
tween HBO group and control group were determined
with independent samples ttest. P = .05 was evalu-
ated as statistically significant.

RESULTS

For the first 12-36 hours, following the insertion of
springs and application of force, there was a reduction
in the amount of pellets that the rats consumed. How-
ever, the consumption returned to its normal values
afterwards.

In the HBO group the mean BV/TV was 30.539 =+
6.141%, the mean Tr.N was 27.104 = 6.319 and the
mean Tr.Sep was 42.301 + 6.224 pm. In the control
group, the mean BV/TV was 17.695 + 10.638%, the
mean Tr.N was 19.331 = 7.210 and the mean Tr.Sep
was 59.550 = 14.177 pm.

Statistically significant differences were observed in
all parameters when the HBO group was compared
with the control group. When the outcomes of the TAS
analysis were interpreted, compared to control group,
the increase in BV/TV was 72.59% in the HBO group.
In the Tr.N parameter there was an increase of
40.20% in the HBO group compared to the control
group. When the Tr.Sep values of the HBO group
were compared with the control group, the decreases
in Tr.Sep were 28.97% against the control group. In-
crease in the BV/TV (P < .0001) and Tr.N (P < .001),
and decrease in the Tr.Sep (P < .0001) were statis-
tically significant (Table 2).

DISCUSSION

The effect of HBO is still under investigation. It is
known that it can promote the healing phase of an

Angle Orthodontist, Vol 78, No 2, 2008

GOKCE, BENGI, AKIN, KARACAY, SAGDIC, KURKCU, GOKCE

Figure 2. Histological section of control group.

ischemic wound, but its effects are doubtful for normal
wounds.

HBO’s effects on bone have been investigated by
several researchers. There is controversy about the
interaction of HBO and fracture healing. Previous in-
vestigations suggest a triggering role for oxygen ten-
sion (an environmental factor) in bone remodeling.
Correspondingly, abrupt changes in oxygen availability
within the periodontium have been suggested to have
a regulatory role in alveolar bone remodeling during
tooth movement,2 similar to that seen in bone growth
or fracture healing. Here we created an experimental
situation that simulates the movement of teeth in the

Table 1. Descriptive Statistics of BV/TV, Tr.N, and Tr.Sep for HBO
and Control Groups

Mean SD
BV/TV HBO 30.539 6.141
Control 17.695 10.638
Tr.N HBO 27.104 6.319
Control 19.331 7.210
Tr.Sep HBO 42.301 6.224
Control 59.550 14177

a2 BV/TV indicates trabecular bone volume; Tr.N, trabecular bone
number; Tr.Sep, trabecular separation; HBO, hyperbaric oxygen.
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Table 2. Comparison of Between-Group Differences for BV/TV,
Tr.N, and Tr.Sep?

Standard
Mean Error
Difference Difference t P> Significance
BV/TV 12.844 2.747 4.676 .0001 i
Tr.N 7.773 2.144 3.626  .001 e
Tr.Sep —17.249 3.462 —4.982 .0001 i

a BV/TV indicates trabecular bone volume; Tr.N, trabecular bone
number; Tr.Sep, trabecular separation.
** P < .001, *** P < .0001.

bone, where bone remodeling is accelerated, in the
presence of oxygen tension.

Since the short cycle in female rats causes hormon-
al variations, our study was carried out with male
rats.” In previous studies, an orthodontic force was
exerted by closed coil springs between the molars and
incisors or elastics between the first and second mo-
lars of the rat.2°-2®> The mechanics used for force ap-
plication creates retention points and causes gingival
inflammation.?°-25 As a result, mediators that are effec-
tive in bone resorption and osteoclastic activity are ex-
creted.?® The application of force mechanics may lead
to the risk of trauma, edema, and infection. To elimi-
nate these probabilities, one dose of prophylactic an-
tibiotic was administered to all rats.

Duration, frequency, and cumulative number of ses-
sions for HBO have not been standardized and vari-
ous protocols have been used by several investiga-
tors. In rabbits, 20 HBO sessions with a protocol of 60
minutes at 2.4 ATA, 100% inspired oxygen flow twice
a day were performed before free bone grafting, and
10 sessions were performed after the bone grafting.'®
In a similar study by the same group, HBO treatment
was performed for 60 minutes at 2.4 ATA once a day
for 20 days.'s Again in rabbits, 18 HBO sessions with
a protocol of 90 minutes at 2.5 ATA once a day were
performed together with distraction. This protocol
caused an increase in osteoblastic activity at the dis-
traction osteogenesis site when applied before the op-
eration.™ In a study on rats by Okubo et al'* HBO was
performed for 60 minutes at 2 ATA, once a day for 3,
7, or 21 days. Based on these investigations, we se-
lected a protocol for the HBO sessions of 60 minutes,
2.5 ATA, twice a day for 7 consecutive days.

We found an increase in BV/TV and Tr.N when we
moved the teeth in the presence of HBO. This showed
the increased capacity of bone formation with HBO.
This is important since moving teeth alters the balance
in that area, and formation of new bone in the resorp-
tion areas is normally a long process. The positive ef-
fects of HBO on bone have been shown in several
studies. In one study, HBO was applied at 2.5-2.8
ATA for 90—-120 minutes to patients with osteoradio-
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necrosis (ORN).2 The patients had 5-10 preoperative
and 5-7 postoperative sessions. Surgical therapy con-
sisted of decortication of the affected bone, which was
subsequently covered with a free periosteal transplant
from the tibia. HBO had facilitated the healing phase.

HBO is a promising adjunct to surgery in the treat-
ment of mandibular and maxillary ORN and chronic
osteomyelitis. This was shown in a study where pa-
tients with ORN were given 2.4 ATA of HBO for 60
minutes once a day, 20—40 sessions before the op-
eration, and 14—20 sessions after the operation.®

HBO also assists in the prognosis of dental proce-
dures. When c.p. titanium implants are placed in a free
autogenous bone graft, HBO increases bone-to-im-
plant contacts in the grafted bone. Therefore, HBO
treatment is beneficial for the tissue incorporation of
c.p. titanium implants when placed in free autogenous
bone grafts.'®> Sawai et al'® investigated the effects of
HBO therapy on autogenous free bone grafts trans-
planted from the iliac crest to the mandibles of rabbits.
One week after grafting, osteoid formation in the ex-
perimental group was much greater than in the control
group, and unions between the host bone and the graft
were observed at 2 weeks. These results indicated
that HBO accelerates the union of autogenous free
bone grafts. The results of this study are in accord with
our observations relating the increase of bone volume
and osteoblastic activity.

We observed that there was a decrease in Tr.Sep
in the HBO group. This reinforces the argument that
HBO affects the rate of bone resorption. This could be
through the stimulation of the osteoblastic cells or in-
hibition of osteoclastic cells. Tuncay et al'? investigat-
ed ambient hypoxic and hyperoxic effects on osteo-
blast function, where osteoblast-enriched cultures
from fetal rat calvariae were exposed to atmospheres
of hypoxia (10% O,) and hyperoxia (90% O,) and as-
sayed for media pH, pO,, pCO,, cellular proliferation,
alkaline phosphatase (AP) activity, and collagen syn-
thesis.

The results of this study showed that in low ambient
oxygen tension, cellular proliferation increases, whereas
the AP activity, collagen synthesis, media pO, and pCO,
decrease. In contrast, in hyperoxic conditions cellular
proliferation is suppressed with concomitant increases in
AP activity, collagen synthesis, pO,, and pCO,. These
findings are in conjunction with earlier reports suggesting
a role for oxygen in bone remodeling. Our observations
on the effects of HBO on bone remodeling also point to
the same conclusions.

HBO also has effects on recombinant human bone
morphogenetic protein-2 (rhBMP-2), which is a potent
osteogenic protein. Okubo et al'' implanted rhBMP-2
into the calf muscle of rats. Under HBO conditions, the
new bone formation was significantly increased, and
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cartilage was present at the outer edge of the implant-
ed material. These results suggest that HBO acceler-
ated the activity and rate of osteoinduction by
rhBMP-2. HBO itself also increases lamellar bone for-
mation.’® While increased oxygen tension results in
cellular differentiation toward osseous tissue, de-
creased oxygen tension results in cartilage forma-
tion."™ These findings again substantiate the fact that
HBO has an osteoinductive effect that increases the
remodeling activity of bone.

The beneficial effects of HBO on soft tissue and
wound healing have been introduced by various in-
vestigations.28-10121415 A few investigations suggest-
ed that the simultaneous use of antibiotics with HBO
increases the bactericidal effect (synergic effect).? In
our study, although we administered one dose of pro-
phylactic antibiotic to all rats, the amount of trauma,
edema, and infection was markedly lower in the HBO
group when compared with the control group.

CONCLUSIONS

« HBO enhanced the bone formation during experi-
mental tooth movement.

 The findings of this study support our hypothesis that
osteoblastic activity might be modulated by changes
in the environmental oxygen tension.
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