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Introduction
The potential of oxygen has long been known in
the field of plastic surgery, where it is used to
treat burns and skin lesions. In our bodies, oxy-
gen is mostly bound to hemoglobin, which is
normally 97% saturated. One gram of hemoglo-
bin combines with 1.34 ml of oxygen, and as our
hemoglobin content is equal to 15 g per 100 ml,
it follows that 100 ml of blood transports about
20 ml of oxygen. The remainder of the oxygen is
physically dissolved in plasma at a concentra-

tion of 0.3 ml per 100 cc of blood. The concen-
tration of oxygen that increases during hyperbar-
ic therapy is the portion dissolved in plasma;
every pressure increase of 1 atmosphere leads to
an increase in oxygen of 2 volumes percent.
Consequently, at a pressure of 3ATA (20 m), the
quantity dissolved in plasma is 6 volumes per-
cent, a concentration sufficient to sustain vital
cellular processes (1-5). 
The use of oxygen by cells increases in certain
morbid conditions, such as infections, and it is
moreover fundamental in all pathologies whose
etiology is associated with impaired vasculariza-
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SUMMARY
Purpose. In this study we wanted to observe the improvement in the healing of periodontal tissues in a group of diabetic
patients treated with traditional methods compared to another group treated with the addition of oxygen.
The potential of oxygen has long been known in the field of plastic surgery, where it is used to treat burns and skin le-
sions. 
Materials and methods. This study consists in a split mouth study which involved 30 patients. We carefully treated them
with periodontal therapy using manual and mechanical instrumentation. Then, we applied oxygen in half mouth accord-
ing to randomization list. Finally we checked up patients after some weeks.
Results. Our results highlight that all areas treated with oxygen application healed more rapidly and better than no treated
areas.
Conclusions. All in all, we have demonstrated that oxygen can improve the outcome of non-surgical periodontal treatment
in diabetic subjects.
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tion, as in the case, for example, of diabetes. An
increase in the availability of oxygen to hypoxic
tissues favors various cellular processes, which
can be summarized as follows:
• increase in processes of repair of ischemic

tissues: oxygen delivered in high volumes in-
creases collagen synthesis, enabling a normal
hydroxylation of this protein. At lower-than-
normal tissue tensions, collagen is not cor-
rectly synthesized and ulcers and wounds fail
to heal;

• increase in the osteogenic stimulus: oxygen
delivered in high volumes increases process-
es of mineralization and synthesis of bone tis-
sue in the case of fractures and osteonecrotic
lesions;

• antibacterial action: oxygen delivered in high
volumes has a double bactericidal action, di-
rect and indirect.

The direct action towards bacteria consists in the
production of free radicals (RL), a group of sub-
stances deriving from the reduction of oxygen,
which degrades the cell wall of pathogenic
germs. The indirect action is obtained through
the synergy of hyperbaric oxygen with antibi-
otics in soft tissue or bone infections.
• Anti-oedemigenic action: traumas involving

areas with non-expandable compartments
usually lead to the formation of oedema,
which is maintained through a vicious cycle
of “trauma-oedema-hypoxia-vasodilatation-
oedema”. Oxygen delivered in high volumes
interrupts this mechanism by causing both ar-
terial vasoconstriction and pressure on the su-
perficial vein wall, thereby facilitating an in-
crease in the venous circle and lymph
drainage.

• Neo-angiogenic action: after several applica-
tions, oxygen delivered in high volumes is
capable of performing a neo-angiogenic func-
tion – meaning the formation of new vessels
– through the release of such factors as the
vascular endothelial growth factor (VEGF).
This function is essential for restoring micro-
circulation in compromised vascular situa-
tions, such as diabetic foot, and thus re-estab-
lishing a vascular flow in hypoxic areas.

The effectiveness of topical oxygen as an addi-
tional treatment for wounds has been studied
since the 1960s. In a brief pilot study, the Au-
thors tested a modified technique for applying
hyperbaric oxygen and observed a 50 and 90%
reduction in the dimensions of the wound after 6
and 20 days, respectively. Transdermal oxygen
therapy has shown to be optimal in improving
cell metabolism and accelerating healing pro -
cesses, thus reducing irritations, and performing
an anti-inflammatory and antibacterial effect. It
is well known that diabetes considerably com-
plicates wound healing. This is due both to pe-
ripheral vasculopathy, which induces local hy-
poxia with a decrease in metabolites to cells, and
to a decrease in the influx and reactivity of
leukocytes and consequent increase in the likeli-
hood of infections (6-14).
In consideration of the foregoing, in this study
we wanted to observe the improvement in the
healing of periodontal tissues in a group of dia-
betic patients treated with traditional methods
compared to another group treated with the ad-
dition of oxygen.

Materials and methods

Study design

This study consists in a split mouth study which
involved 30 patients meeting the following in-
clusion criteria: diagnosis of periodontitis from
moderate to severe (PD > 5MM in over 30% of
the sites that bleed on probing); age between 35
and 70 years; non-smokers or smokers of fewer
than 10 cigarettes a day; diagnosis of diabetes.
Diagnosis of diabetes was formulated according
to the following criteria:
• HbA1c > 6.5% (with certified NGS-aligned

assay standardized to the DCCT Assay)
• FPG ≥ 126 mg/dl (fasting is defined as no

caloric intake for at least 8 hours)
• glycaemia after 2 hours during 75 g OGTT ≥

200 mg/dl (the test was performed as de-
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scribed by the World Health Organization,
using a glucose load equivalent to 75 g of an-
hydrous glucose dissolved in water)

• in the presence of typical symptoms of the
disease (polyuria, polydipsia, weight loss) the
diagnosis was confirmed with the occasional
finding of even only one glycaemia value ≥
200 mg/dl

Exclusion criteria were: patients with additional
systemic diseases other than diabetes; patients
with uncontrolled diabetes; patients who had re-
ceived antibiotic therapy during the previous 6
months; patients with a full-arch implant pros-
thesis (e.g. Columbus bridge, Toronto bridge).
All the patients were selected among subjects
with periodontitis who came to our clinic. In-
formed consent was obtained from all partici-
pants. 

Periodontal treatment 

The following clinical indices were determined
using a periodontal probe CP 15: pocket depth
(PD), probing attachment level (PAL), bleeding
on probing (BoP) and plaque index (PlI). 
All evaluations were performed on six sites per
element: mesial vestibular, vestibular and distal
vestibular, mesial lingual/palatal, lingual/palatal
and distal lingual/palatal. The probe was kept
near the surface of the root and in line with the
longitudinal axis of the tooth. The operator was
instructed to apply a force of 30 g. Photos were
taken in a non-standardized manner (Figure 1).
After the indices were determined, a single-sit-
ting full-mouth scaling and root planning proto-
col was applied to all patients. Glycine powder
air polishing was used for plaque removal and
universal ultrasonic tips for the removal of
supra- and subgingival tartar (S1, P10 Mectron®)
(Figures 2, 3).
At the end of the treatment, a test side and con-
trol side were randomly selected for each patient
and recorded in a special form. A specific soft-
ware application was used to obtain a random-
ization list (Random Allocation Software ver-

sion 1.0, downloadable from http:// mahmood-
saghaei.tripod.com/Softwares/randalloc.html).
An EXEA Genotechnology oxygen therapy de-
vice was subsequently used to deliver oxygen to
the upper and lower arches on the test side only
(Figures 4, 5). The 90% pure oxygen was emit-
ted at a flow rate of 6 volumes/litre for twenty
minutes, ten in the upper quadrant and ten in the
lower one. 
Each patient was instructed to maintain a good
level of oral hygiene using a custom tailored
technique (15) duly shown to the patient. A man-
ual toothbrush with medium-soft bristles was se-
lected (Gum® Technique Pro Compact) along
with an interdental brush identified with a colour
code (Gum® Trav-ler) and the patient was
shown how to use them for two-minutes’ brush-
ing twice a day and cleaning of interproximal ar-
eas, respectively.
All clinical parameters were recorded after 6
weeks by the same operator, who carefully eval-
uated the level of oral hygiene.

Figure 1
Clinical indexes were collected at baseline. Six sites per
tooth were examined with a periodontal probe CP 15.
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Results
The first stage of therapy included motivation
and the complete removal of tartar and supra-
and sub-gingival plaque. The full-mouth plaque

score (FMPS) was determined after 6 weeks in
each patient. The results showed a large reduc-
tion compared to pre-treatment values (Figure 6).
This is no doubt due to the effectiveness of the
home oral hygiene regime and the short period
of time between the first stage and the final eval-

Figures 2-3
A full mouth scaling and root planning protocol was performed to all patients.
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uation. The results are summarized in Tables 1,
2 and 3.
Similarly, the full-mouth bleeding score (FMBS)
was reduced after the periodontal treatment. The
results observed after 6 weeks actually confirm
the success of the treatment (Figure 6).

After 6 weeks, changes were observed in the PD
values compared to the baseline values (Figure
7). Noteworthy improvements were observed on
both the test side and control side, indicating that
the therapy was successfully implemented. In
fact, on the control side, the difference between

Figures 4-5
90% pure oxygen was deliv-
ered on the test side using EX-
EA Genotechnology oxygen
therapy device.
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Table 1 - Changes in FMBS and FMPS in numerical terms.
values median Sd

T(0) T(42) T(0) T(42) T(0) T(42)
FMPS 59% 8% 56% 6% 3% 1.00%

FMBS 63% 1% 62% 0.70% 0% 0.20%

Table 2 - PD values found in the two groups in the two evaluations performed.
values (mm) median Sd

PD T(0) T(42) T(0) T(42) T(0) T(42)
TEST 4.1 2.2 3.8 2 0.9 0.7
CONT 4 2.9 3.7 2.8 0.7 0.6

Table 3 - PAL values found in the two groups in the two evaluations performed.
values (mm) median Sd

PAL T(0) T(42) T(0) T(42) T(0) T(42)
TEST 4.2 3.2 3.9 3.2 0.9 0.5
CONT 4.1 3.5 4 3.2 0.6 0.4

Figure 6
FMPS and FMBS in both groups at baseline and after 6 weeks.
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the PD values at baseline and after the therapy
demonstrates that the FMSRP procedures
reached the target. Moreover, the test side
showed an average PD reduction of 1.9 millime-
ters, confirming that PD was reduced to a greater
degree in this area. Graphic shows the difference
between the pre- and post-treatment values.
Analogous considerations apply for the PAL val-
ues (Figure 8). The attachment gain after the pe-
riodontal treatment improved on both sides.
However, better results were obtained on the test
side than on the control side. Observing the dif-
ferences in the PAL values, we may see that the
improvements are 0.6 mm on the control side
and 1 mm on the test side.
Differences between the test and control sides
were statistically significant according to Fish-
er’s test (P <0.05). 

Discussion
In order to achieve good periodontal regenera-
tion, it is necessary both to prevent the entry of

bacteria into the wound and to stabilize coagula-
tion (16-24). This occurs normally in healthy pa-
tients. It is well known that this result is much
more difficult to obtain in diabetic patients, due
both to the decrease in reactivity of neutrophils
and leukocytes and the presence of peripheral
vasculopathy. A persistence of bacteria within
the pocket or on root surfaces seems to under-
mine healing, since the presence of residual anti-
genic material on the root surface could result in
an increase in the number of neutrophils at the
initial healing stage and hence a greater release
of proteolitic enzymes, which could in turn de-
lay clot maturation (25-30).  Periodontal dis-
eases have certainly an impact on this situation
(20, 23, 24, 31-55). This takes on particular sig-
nificance in diabetic patients, in whom we al-
ready see a delay in neutrophilic activity. In ad-
dition, tissue healing seems to be enhanced by
the use of oxygen at high pressures. Firstly, oxy-
gen performs an anti-edemigenic action. It is
well known that edema usually forms after a
trauma and persists due to a vicious cycle mech-
anism of “trauma-edema-hypoxia-vasodilata-
tion-edema”. Oxygen delivered in high volumes

Figure 7
PD average values in test and control group at baseline and after 6 weeks.
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interrupts this mechanism by causing both arte-
rial vasoconstriction and pressure on the superfi-
cial vein wall, thereby facilitating an increase in
the venous circle and lymph drainage. In the pe-
riodontal field, this aspect contributes to a lower
relaxation of the wound edge and thus greater
stability. The edge can therefore protect the un-
derlying clot and – presumably – facilitate heal-
ing. The neoangiogenic action obtained through
the release of factors such as the vascular en-
dothelial growth factor (VEGF) is essential for
restoring microcirculation in compromised vas-
cular situations and re-establishing a vascular
flow in hypoxic areas (56-60). 
In case of application of high-pressure oxygen
on the treatment of periodontal disease in dia-
betic patients local anesthesia can be performed
to sampling patients but it may have relevant
side effect and severe complications (61-63).
All of the above-mentioned mechanisms can ex-
plain our results, clearly indicating that the ap-
plication of high-pressure oxygen contributes to
improving periodontal parameters after the SRP
procedure. With regard to the attachment gain,
our data reveal an important difference between

the test and control sides. On the test side we
achieved a 1 mm average gain versus 0.6 mm on
the control side. According to the literature, an
evaluation made a few months after SRP therapy
may demonstrate an attachment gain up to 0.55
millimeters for 4-6 mm pockets and 1.19 mm in
the case of pockets > 7 mm. Considering that in
our patients over 30% of the pockets were over
5 mm deep, the results on the control side may
be considered more than satisfactory. However,
the test side showed a larger gain, supporting the
idea that the application of oxygen favors vascu-
larization and reduces the likelihood of infec-
tion. Lastly, reducing edema contributes to clot
stabilization. It was observed some years ago
that the lack of wound stability could lead to the
formation of a long junctional epithelium. The
formation of a connective attachment on the root
surface after reconstructive periodontal surgery
is critically dependent on the stability of coagu-
lation. The fundamental role of the stability and
adhesion of fibrin clot to the root surface in pre-
venting the apical migration of the gingival ep-
ithelium.
In consideration of this, the formation of the

Figure 8
PAL average values in test and control group at baseline and after 6 weeks.
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junctional epithelium commonly observed after
periodontal treatment seems to be a failure of
healing (64-70).
Our results also show a noteworthy reduction in
the probing depth (PD) values after treatment on
both the test and control sides. The reduction in
PD values after treatment with mechanical in-
strumentation is a result of the combination of
attachment gain and the occurrence of gingival
recession.
The reduction in PD on the test side was 1.9 mm
compared to 1.3 mm on the control side. The lit-
erature indicates that in pockets initially measur-
ing 4-6 mm, the average reduction in PD is 1.29
mm, whereas in the case of pockets deeper than
7 mm, the reduction is 2.16 mm. The values on
the control side seem to be in agreement with the
literature, whilst the test side showed a larger re-
duction. In our view, the application of oxygen
might have drastically reduced oedema. This
would confirm that the reduction in PD values
on the test side is due both to a real attachment
gain (as discussed above) and a reduction in gin-
gival edema. 
Notwithstanding the limitations of our study, we
feel that our results provide new evidence con-
cerning the use of oxygen. In fact, as we have
demonstrated, delivering oxygen in large vol-
umes can improve the outcome of non-surgical
periodontal treatment in diabetic subjects, prob-
ably through vessel neoformation, the removal
of anaerobic bacteria, and clot stabilization en-
abling ideal healing to be achieved. However,
further studies are needed to confirm our results,
and to clarify exactly which mechanisms are in-
volved in wound healing in diabetic subjects af-
ter SRP and whether the application of oxygen
can really improve healing from a histological
standpoint.
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