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Abstract. The objective of this study was to assess the impact of low-level laser
therapy on wound swelling, wound temperature changes, and oral health-related
quality of life (OHRQoL) after surgical removal of impacted lower third molars.
Forty patients with impacted lower third molars requiring surgical removal

participated in this study; all were Pell-Gregory class IIB or IIC. The patients were
divided randomly into two groups for post-extraction therapy. One group received
antimicrobial photodynamic therapy (aPDT) and the other received no additional
therapy (placebo group). Temperature measurements were done using an infrared
thermographic camera on days 3 and 7 postoperative. OHRQoL was assessed in
both groups on day 7 using the Oral Health Impact Profile questionnaire translated
into Croatian (OHIP-14-CRO). Prior to surgical treatment, there was no difference
in patient characteristics between the two groups. A significantly lower temperature
and less wound swelling were recorded on day 3 postoperative in the aPDT group
compared to the control group (P < 0.001). Participants in the aPDT group also had
significantly lower OHIP-14-CRO summary scores (P < 0.01). The present study

showed beneficial effects of the aPDT modality of low-level laser therapy:
postoperative wound swelling was reduced and wound temperature decreased, and
OHRQoL was better through the 7-day postoperative period in comparison to the
placebo group.
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The extraction of impacted lower third
molars is followed by an inflammatory
reaction, pain, swelling, and often by lim-
itations in mouth opening and mouth
movements.' ™ It has been reported that
about a third of subjects experience a
significant deterioration in quality of life
(QoL) after routine tooth extraction.” With
regard to the extraction of mandibular
third molars, one study showed a decrease
in QoL immediately after the procedure,
which returned to the initial preoperative
levels after the sixth postoperative day.’ In
studies using the Oral Health Impact Pro-
file (OHIP) questionnaire, those domains
with significantly higher scores have been
physical pain, psychological discomfort,
and physical disability. Impacted mandib-
ular third molars may be difficult to
extract,””’ and significantly higher OHIP
scores and worse oral health-related qual-
ity of life (OHRQoL) have been registered
after their extraction in comparison to the
extraction of non-impacted third molars.”

Laser therapy has been reported to be an
effective tool for the treatment of postsur-
gical conditions, due to its analgesic and
anti-inflammatory effects, as well as to the
stimulating effect on tissue healing.”™"’
Infrared thermography is a diagnostic
method based on the ability to record
infrared radiation emitted by the skin
and to convert this into electronic video
signals. Infrared thermography is unique
in its ability to show physiological and/or
pathological temperature changes.

The objective of this study was to assess
post-extraction wound swelling and
wound temperature after surgical removal
of impacted lower third molars in patients
subjected to treatment with a low-level
laser modality; in this study, a group of
patients treated with antimicrobial photo-
dynamic therapy (aPDT) was compared to
a placebo group. A further aim was to
assess OHRQoL in both groups using
the OHIP-14 questionnaire translated into
Croatian (OHIP-14-CRO). The null hy-
pothesis was that there would be no sig-
nificant difference between subjects who
received placebo therapy and patients who
received aPDT after surgical removal of
an impacted lower third molar.

Materials and methods

The study was approved by the ethics
committee of the dental school.

Forty patients who had impacted lower
third molars that required surgical remov-
al participated in the study; all were Pell—
Gregory class IIB or IIC."*'° There were
20 males and 20 females, ranging in
age from 19 to 32 years. The following

exclusion criteria were applied: systemic
diseases, smoking habit, pregnancy or
breastfeeding, oral contraception, anti-
biotics or analgesics taken before or after
the surgical procedure, and overweight
(high body mass index (BMI)). The height
and weight of each participant were
recorded and the BMI calculated using
the formula weight/height squared
(kg/m?). Participants with a BMI >24
were not included in the study. All parti-
cipants had BMI values within the normal
range.

Before the surgical removal of the im-
pacted lower third molar, all patients were
informed in detail about the laser therapy,
its application, effects, indications, and
side effects, and also about the thermo-
graphic procedures. All participants
signed an agreement in which they accept-
ed laser therapy after tooth extraction.
They were divided randomly into two
groups, the study aPDT group who re-
ceived real laser therapy (n=20) and
the placebo group (n=20) who did not
receive laser therapy. There were 34 par-
ticipants with class IIB molar impaction,
who were distributed equally in each
group (17 participants in each group).
Six participants had class IIC impaction
and these patients were also distributed
equally in each group (three participants in
each group).”” ' None of the patients
were taking antibiotics or had undergone
a prior surgical procedure, nor did they do
so after the impacted tooth removal.

All surgical procedures were performed
under local anaesthesia with articaine hy-
drochloride and adrenaline hydrochloride
(Ubistesin;, 3M ESPE AG, Seefeld,
Germany). Impacted lower third molars
were removed using the surgical technique
of mucoperiosteal flap and osteotomy. All
third molars were sectioned during surgi-
cal removal in order to preserve as much
bone as possible. In order not to influence
the level of tissue damage related to the
surgical experience of the operator, the
surgeon performing the operations had
more than 10 years of experience. All
cases underwent wound closure with
sutures and healing by primary intention;
the sutures were removed on the seventh
postoperative day at the follow-up
appointment.

A high frequency laser (LaserHF; Hager
and Werken GmbH & Co., Duisburg,
Germany) was used in the study. Partici-
pants were divided randomly into two
groups: one group of 20 participants re-
ceived adequate laser therapy and the
other group (also 20 participants) received
only placebo laser therapy. Patients were
completely unaware of whether they had

received laser therapy or placebo. The
study group received laser therapy before
suturing. A photosensitive substance con-
sisting of toluidine chloride powder
(155 pg/ml), water, sodium phosphate,
and hydroxymethylcellulose (LaserHF
Paro-PDT solution; Hager & Werken
GmbH and Co.) was applied to the post-
extraction socket. After 60 s, the Paro-
PDT solution was thoroughly rinsed using
saline solution and a laser light was
applied directly to the surgical site for
60 s (2 x 30 s) with constant laser beam
irradiation over the surgical area. The laser
probe was used in non-contact mode and
was set at a distance of approximately
5 mm from the tissue surface. The irradi-
ation intensity was 50 mW, with a wave-
length of 660 nm. In the control (placebo)
group, the saline solution (0.9% NaCl)
was applied before suturing. The laser
probe was held above the wound, but
without any irradiation.

All patients received identical postop-
erative instructions. They were told to eat
a soft food diet on the day of surgery and
the following day, not to drink alcoholic
beverages or sparkling drinks during the
same period, and to avoid tooth brush-
ing, rinsing, or spitting on the day of
surgery. They were instructed to brush
their teeth on the day after surgery, but to
avoid any brushing near the surgical site
for 3 days. They were asked to apply ice
to their face for the first 24 h and to keep
their head elevated in order to reduce
wound swelling. Irrigating and rinsing of
the wound was not allowed for the first
2 days.

Thermographic procedure

Temperature measurements were done
using an infrared (IR) thermographic
camera (FLIR T335; FLIR Systems Pty
Ltd, Australia) with a detection range of
—20 °C to +650 °C, a thermal sensitivity
of <50mK, and IR resolution of
320 x 240 pixels. Analysis of the
recorded data was performed using the
FLIR Tools software (FLIR Systems,
Inc., North Billerica, MA, USA). Prior
to the surgical procedure (extraction of
the impacted mandibular third molar),
standardized thermographic images of
the patient’s face in profile (dependent
on the site of extraction) were obtained
by the thermographic operator. Before
imaging, the patient was left in the record-
ing room for a minimum of 15 min. The
temperature and humidity of the room
were always the same due to controlled
conditions (air conditioning). The camera
was set up on a tripod at a fixed distance

Please cite this article in press as: Batinjan G, et al. Thermographic monitoring of wound healing and oral health-related quality of life
in patients treated with laser (aPDT). . ., Int J Oral Maxillofac Surg (2014), http://dx.doi.org/10.1016/j.ijom.2014.09.003


http://dx.doi.org/10.1016/j.ijom.2014.09.003

YIJOM-2985; No of Pages 6

Thermographic monitoring of wound healing 3

Table 1. Temperature differences between the aPDT and control groups and significance of the differences.

Temperature, °C

Group t P-value
Mean SD

Before surgical removal of the lower third molar aPDT 35.09 0.63 -0.117 0.908 NS
Controls 35.11 0.44

Day 3 after surgical removal of the lower third molar aPDT 35.36 0.62 —4.64 0.001"

Controls 36.29 0.64

Day 7 after surgical removal of the lower third molar aPDT 35.02 0.76 —1.86 0.071 NS
Controls 35.45 0.69

aPDT, antimicrobial photodynamic therapy; SD, standard deviation; NS, not significant. Degrees of freedom = 38.

* Significant at 99% probability, P < 0.01.

(30 cm from the patient’s head), and the
settings were always the same. All patients
were seated in an upright position. During
measurements, they looked straight ahead.
Further thermographic images were
obtained at the postoperative follow-ups
on the third and seventh postoperative
days.

The skin projection of the region of
interest (ROI) was marked and the mean
temperature of the ROI was obtained in
degrees Celsius. The superior ROI border
represented a line connecting the commis-
sure of the lips and the point where the
frontal part of the earlobe turns into facial
skin. The frontal border was the line inter-
secting the superior border and perpendic-
ular to the lower border of the mandible.
The inferior border represented the lower
border of the mandible, and the posterior
border was a line drawn from the point
where the ear lobe meets the facial skin to
the gonion.

All temperatures were measured at the
same time of the day, between 9:00 and
11:00 a.m.

Assessment of wound swelling

Wound swelling was assessed by one ex-
perienced surgeon (with more than 15
years of experience) who did not perform
the impacted lower molar removal. Before
assessing the study patients, the same
specialist in oral surgery assessed 25
wound images of different degrees of
swelling twice, with an interval period
of 7 days between the two assessments.
These images were presented in a different
order on the two occasions. The kappa
test revealed a high level of agreement
between the two assessments (kappa val-
ue = 0.921), which proved the uniformity
of evaluation. Assessments of the patients
who participated in the study were per-
formed on postoperative days 3 and 7,
using a four-point scale: 0 =no swelling,
1 = mild swelling, 2 = moderate swelling,
and 3 = severe swelling. The surgeon who
assessed wound swelling did not know to

which group the patient was allocated
(laser therapy or placebo) and was
completely unaware of the purpose of
the study.

OHRQoL

OHRQoL was assessed for both groups of
patients on day 7 after surgery. All parti-
cipants completed an OHIP-14-CRO
questionnaire.'® The questions related to
the period from the surgical removal of the
lower third molar to day 7 after the pro-
cedure. Patients answered each question
on a 0-4 Likert scale (0=absence of
problems; 4 = the most severe problems).
The OHIP summary score was calculated
for the statistical analysis.

Statistical analysis

The statistical analysis was performed
using SPSS ver. 19 statistical software
(IBM Corp., Armonk, NY, USA). De-
scriptive parameters (mean values and
standard deviations) were calculated.
The significance of the difference for
the registered temperature and for the
OHIP summary scores between the laser
and placebo groups was assessed by inde-
pendent samples #-test. The level of sig-
nificance was set at 0.05. The significance
of the difference in wound swelling was
assessed by Fisher’s exact test. Correlation
between the degree of wound swelling and
the observed temperature on the third and
the seventh postoperative days was
assessed by Spearmen’s rho correlation
coefficient.

Results
Temperature differences

There was no significant difference in
temperature between the aPDT group
and the placebo group before the surgical
procedure. Both groups had almost the
same temperature in the region of the
impacted lower third molar (Table 1,
P=0.76).

A significantly higher temperature (al-
most 1 °C higher) was recorded on the
third postoperative day in the placebo
group than in the laser aPDT group
(P=0.001) (Table 1). On postoperative
day 7, there was no statistically significant
difference between the groups, although
the placebo group still had a slightly
higher temperature (P = 0.071, Table 1).

Assessment of wound swelling

The aPDT group had significantly more
participants with mild wound swelling on
day 3 after the surgical procedure in com-
parison to the placebo group, which had a
higher number of moderate and severe
wound swelling cases (Fig. 1; Fisher’s
exact test, P < 0.001).

On postoperative day 7 (Fig. 2), there
was no significant difference in the degree
of wound swelling between the groups
(P =0.826).

OHRQoL

Participants in the laser aPDT group had
significantly lower OHIP-14 summary
scores (mean value 13.0) (Table 2) than
participants in the placebo group. The
aPDT study group maintained significant-
ly better OHRQoL during the postopera-
tive period in comparison to the placebo
group (P < 0.01, Table 2).

Correlation between wound swelling and
observed temperature

The correlation between wound swelling
and the observed temperature on the third
postoperative  day was  significant
(P < 0.001) and the rho coefficient was
0.725. The correlation was also significant
on the seventh postoperative day
(rho=10.618, P < 0.001).

Discussion

A deterioration in OHRQoL after routine
single tooth extraction has been described
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Wound swelling - the 3" postoperative day
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Fig. 1. Intensity of swelling on postoperative day 3 in the two examined groups: aPDT
(antimicrobial photodynamic therapy group) and placebo (control group).

Wound swelling - the 7th postoperative day
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Fig. 2. Intensity of swelling on postoperative day 7 in the two examined groups: aPDT
(antimicrobial photodynamic therapy group) and placebo (control group).

in the recent literature,> ! but data con-
cerning OHRQoL after the surgical re-
moval of impacted mandibular third
molars are scarce.” Increased pain and
wound swelling,z’18 increased halitosis,'’
and limited jaw opening and limited jaw
movements, ” as well as reduced chewing
ability, have been reported following ex-
traction of the impacted mandibular third

molar. All of these factors have been
evaluated individually in different
papers.” """ However, all of them
may contribute to a decreased OHRQoL,
including the physical, psychological, and
social aspects.”>"°

The OHRQoL was established as an
important area when evaluating the impact
of a disease and/or efficacy of different

Table 2. Difference in the OHIP-14 summary scores between the aPDT and control groups and

significance of the difference.

OHIP score
Group t P-value
Mean SD
aPDT 13.00 3.84 —6.776 <0.01°
Control group 26.50 8.29

OHIP, Oral Health Impact Profile; aPDT, antimicrobial photodynamic therapy; SD, standard

dev*iation. Degrees of freedom = 38.
Significant at 99% probability, P < 0.01.

treatment modalities and related factors. It
isbased on a conceptual framework derived
from the International Classification of
Impairments, Disabilities, and Handicaps
(ICIDH) developed by the World Health
Organization (WHO) in 1980.2%2' It was
assumed that the impairment that develops
soon after extraction of the impacted lower
molar would lead to a deterioration in the
individual’s quality of life. Therefore the
OHIP-14-CRO questionnaire was chosen
as a tool for the assessment of OHRQoL.'®
It has already been validated in Croatia and
has demonstrated excellent psychometric
properties.'®'” Moreover, the OHIP is an
internationally accepted questionnaire, so
the data obtained can be compared with
those of other authors.”> OHRQoL and
oral health were evaluated from the
surgical intervention to the seventh postop-
erative day using the OHIP-14-CRO
questionnaire.

Some studies have shown a beneficial
effect of laser on wound healing and re-
duced postoperative discomfort after laser
therapy.'®!" Although each laser therapy
modality has been proven to be advanta-
geous, one study has shown the aPDT
modality to have the best effects.'' For
this reason it was used in the present study.
All of the patients were unaware of wheth-
er they had received real aPDT laser ther-
apy or placebo therapy.

There are only a few papers in the recent
literature that have reported temperature
changes after the surgical removal of the
impacted third molar with assessment by
means of thermography.'***** One was a
study in which two patients were compared
— one receiving laser therapy and the other
receiving placebo therapy after the surgical
removal of the lower third molar.'* The
thermographic abnormalities caused by ex-
traction of the molar remained longer in the
patient who was treated with the placebo
laser.

Another study reported significantly
higher postoperative temperatures on the
operated side than on the control side at 2
days after surgery, while the temperature of
the operated site, although much higher,
was not significantly different from the
preoperative temperature at the same site.”*
However, no temperature difference was
reported between groups when methylpred-
nisolone drugs or placebo were given.”* As
the assessment of wound swelling may be
rather subjective, we aimed to collect ther-
mographic data as well, measuring the
wound temperature as an indicator of tissue
swelling.

Infrared thermography is a method able
to precisely quantify clinical and subclin-
ical inflammatory changes.””*® However,
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the limitation of this method is the inabili-
ty to detect temperature changes far from
the surface of the body, as the method
measures heat emission from the skin.
Therefore pathological conditions located
deep within the tissues will not be
detected. The wound resulting from surgi-
cal removal of the mandibular impacted
molar was not far from the skin and the
temperature changes were easy to monitor
using the thermal camera.

Thermographic recordings may also be
affected by the type of tissue being im-
aged. Fat tissue is an effective insulator,
causing lower temperature readings.
Therefore, thermography can be difficult
or impossible in overweight subjects.”® It
was for this reason that we included only
subjects with normal BMI values in the
present study. At baseline (prior to the
surgical intervention), no temperature dif-
ference was found between the groups. On
the third postoperative day, the tempera-
ture was increased in both groups, but it
was significantly higher in the placebo
group than in the aPDT group. This was
attributed to more increased wound swell-
ing in the placebo group than in the aPDT
group, which was also confirmed by the
wound swelling assessment performed by
the experienced operator, who was un-
aware of the purpose of the study. Chris-
tensen et al. observed higher temperatures
measured on the second postoperative day
in comparison to the preoperative temper-
ature, but the difference between the two
measurements did not reach statistical
significance.”® There are several possible
reasons for the difference between our
study and that of Christensen et al. The
ROI in the above-mentioned study was
approximately twice as large as that in
our study and included non-inflamed tis-
sues, which would have decreased the
mean temperature. Moreover, they also
prescribed 600 mg ibuprofen, which is a
drug known to reduce body temperature
and also acts as an anti-inflammatory; our
patients were not allowed to take any
drugs to relieve the pain. Nevertheless,
our study is in agreement with the pilot
study carried out by Christensen et al.,*
who reported a temperature increase at 2
days postoperatively compared with the
baseline temperature.

According to the results of our study,
the temperature had decreased in both
groups on the seventh postoperative day.
At this stage there was no significant
difference between the groups, although
the aPDT group still had a lower tempera-
ture than the placebo group.

None of the patients took antibiotics or
analgesics during the observation period,
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and no patient was a smoker, so the inter-
ference of other therapeutic modalities
and other factors on wound healing/swell-
ing was excluded. As body temperature
shows small oscillations throughout the
day,”’ all temperatures were measured
within a 2-h range (between 9:00 and
11:00 a.m.).

We also found a significant correlation
between wound swelling and the observed
temperature, which was stronger on the
third day postoperative than on the seventh
postoperative day. This was attributed to
the fact that on the seventh day, the wound
had started to heal and there were no
patients with the worst grade of swelling.

OHRQoL deteriorated more in the pla-
cebo group, who had significantly higher
OHIP summary scores, as expected. The
reduced OHRQoL in the placebo group
was attributed to increased wound swell-
ing, the consequent increase in wound
temperature, and probably more pain than
in the laser group.

The present study showed beneficial
effects of the aPDT modality of low-level
laser therapy on OHRQoL, reduced post-
operative wound swelling, and decreased
wound temperature as registered by means
of thermography.
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