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Surgical treatment and complications in patients with mandibular fractures leads to a significant degree
of tissue trauma resulting in common postoperative symptoms and signs of pain, facial swelling,
mandible dysfunction and limited mouth opening (trismus). Beneficial effects of local cold treatment on
postoperative swelling, oedema, pain, inflammation and haemorrhage, as well as the reduction of
metabolism, bleeding and haematomas have been described. The aim of this study was to compare
postoperative cooling therapy by cooling compresses with the water-circulating cooling face mask by
Hilotherm� in terms of beneficial effects on postoperative facial swelling, pain, mandible dysfunction,
trismus and neurological complaints.

Thirty-two patients were assigned for treatment of bilateral mandibular fractures and were divided
randomly into treatment either with the Hilotherm� cooling face mask or with conventional cooling
with cooling compresses. Cooling was initiated as soon as possible after surgery until postoperative day 3
continuously for 12 h daily. Facial swelling was quantified by a 3D optical scanning technique. Pain,
neurological complaints, mandibular dysfunction and the degree of mouth opening were measured for
each patient. Patients receiving cooling therapy by Hilotherm� demonstrated less facial swelling, less
pain, a tendency to fewer neurological complaints and were more satisfied when compared to
conventional cooling.

Hilotherm� is more superior in the management of postoperative swelling and pain after treatment of
bilateral mandibular fractures when compared to conventional cooling.

� 2012 European Association for Cranio-Maxillo-Facial Surgery.
1. Introduction

In most cases the treatment of mandibular fractures leads to
a significant degree of tissue trauma that in turn causes an
inflammatory reaction (Panayiotis, 2011). As a result the patient
suffers from the common postoperative symptoms and signs of
pain, facial swelling, dysfunction and limited mouth opening
(trismus) (Miloro, 2004). Pain is typically brief and peaks in
intensity in the early postoperative period; meanwhile facial
swelling and trismus reach their maximum between 48 and 72 h
after surgery (Seymore et al., 1985). Those symptoms are a major
disadvantage and affect the patient’s quality of life. Patient satis-
faction after treatment of mandibular fractures may be improved
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by reducing or eliminating these side effects (Li and Li, 2011,
Ghanem et al., 2011). One way to do this is to prescribe medication
such as corticosteroids (Grossi et al., 2007), non-steroidal anti-
inflammatory drugs (NSAID) (Benetello et al., 2007), a combination
of corticosteroids and NSAID (Bamgbose et al., 2005) or enzyme
preparations like serratiopeptidase (Al-Khateeb and Nusair, 2008).
In addition there are non-pharmacological methods, such as
manual lymph drainage (Szolnoky et al., 2007), soft laser (Braams
et al., 1994, Røynesdal et al., 1993) and cryotherapy (Laureano
Filho et al., 2005). Cold therapy has been used since the time
of Hippocrates, who described the local or systemic application of
cold for therapeutic reasons (Stangel, 1975). Beneficial effects of
cold treatment on postoperative swelling have been described
previously (Mc Master and Liddle, 1980, Swanson et al., 1991, Rana
et al., 2011a,b) with positive effects on oedema, pain and inflam-
mation (Abramson et al., 1996, Fruhstorfer, 1990, Schaubel, 1946)
and the reduction of bleeding and haematomas. Low temperatures
Surgery.
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lead to a reduction of the activity of inflammatory enzymes
(Abramson et al., 1996). The pain relieving effect of cold therapy is
well documented. Considering the literature in oral and maxillo-
facial surgery there is a paucity of scientific evidence of trials that
show either positive or negative effects of cold therapy (Van der
Westhuijzen et al., 2005). As well as positive effects, negative side
effects have been described such as tissue injuries, disturbances of
lymph drainage and microcirculation or chilblains.

There are different cooling procedures described, such as ice
packs, gel packs or cold compresses. As an alternative to
conventional cooling methods this study works with a proce-
dure that permits continuous cooling via face mask by a water-
circulating cooling device named Hilotherapy (Hilotherm�,
Germany). The aim of this study was to examine the effect of
Hilotherapy in comparison with conventional cooling with cold
compresses on swelling, pain, trismus, neurological complaints
and patient satisfaction in the treatment of mandibular
fractures.

2. Materials and methods

The study was approved by the local ethics committee at the
University of Aachen, Germany (EK 142/2008). Before the study,
written informed consent was obtained from each patient.

2.1. Patients

Thirty-two healthy patients were scheduled for the treatment
of bilateral mandibular fractures. Patients who required bilateral
reduction and osteosynthesis of the mandible, were divided
randomly into 2 treatment groups. 16 patients were treated with
conventional cooling and 16 patients received continuous cool-
ing using Hilotherapy after treatment. In all cases, plating was
performed along Champy’s ideal osteosynthesis lines. The par-
asymphysis and mandibular angle fractures were treated with
two 2-mm locking plates (Stryker�, Duisburg, Germany) per
fracture line. Every patient was treated with an arch bar in the
dentate region for maxillomandibular fixation (MMF) with soft
elastics for 1 week. The observer did not know which kind of
therapy was used at the time of treatment. Surgeons treating the
patients were blinded to the randomization scheme. The
patients were not blinded because they were informed that the
study was designed to compare the effect of Hilotherm� cooling
face mask and conventional cooling compress on swelling,
pain, mandible dysfunction, mouth opening and neurological
complaints.

2.2. Cooling methods

Hilotherapy refers to the water-circulating external cooling
device Hilotherm� Clinic (Hilotherm� GmbH, Germany). It consists
of a preshaped thermoplastic polyurethane (TPU) mask and the
Hilotherm cooling device control unit (Fig. 1AeB). The temperature
setting is adjustable from þ10 �C to þ30 �C and was set to 15 �C
direct after surgery. Conventional cooling was performed by cool
compresses. Cooling was initiated as soon as possible after surgery
until postoperative day 3, continuously for 12 h daily.

2.3. Inclusion criteria and protocol

Only patients with a bilateral mandibular fracturewere included
in this study. Inclusion and exclusion criteria are shown in Table 1.

All patients were examined and scanned on fixed dates using
standardized methods and techniques. All patients received the
same postoperative analgesic drug therapy of 1000 mg Paracetamol
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(Perfalgan�) intravenously 2 times per day for 3 days; and 600 mg
Ibuprofen (Ibu-Ratiopharm�) orally (1st day: Ibuprofen 600 mg 3
times per day, 2nd day: Ibuprofen 600 mg 2 times per day, 3rd day:
Ibuprofen 600 mg 1 time per day, 4th day: Ibuprofen 600 mg 1 time
per day). Antibiotic prophylaxis consisted of 600 mg Clindamycin
(Clindamycin-Actavis�) intravenously 3 times per day for 3 days. A
single dose of 250 mg steroids (Solu Decortin�) was administered
to every patient preoperatively. At the first visit, the physician
recorded information about past illnesses and diseases and con-
ducted a standard blood test. The operation took place using
general anaesthesia and nasal intubation.

During the study the following parameters were assessed: pain,
swelling, mandibular dysfunction, neurological complaints, mouth
opening and patient satisfaction. To minimize bias by patient
contact, the patients were examined and hospitalized in separate
rooms.

2.4. Postoperative pain analysis

Postoperative pain analysis was conducted with a 10-point
visual analogue scale (VAS) taken on the 1st, 2nd and 10th days
after operation, where the patients rated their pain on a score from
0 to 10, with 0 describing a situation without pain and 10 denoting
maximum intensity of pain.

2.5. Measurement of facial swelling

This study used a 3D optical scanner named FaceScan3D (3d-
Shape� GmbH, Erlangen, Germany) to measure facial swelling in
volume (ml) as described previously (Rana et al., 2010, 2011a,b).
The 3D optical scanner consists of an optical range sensor, two
digital cameras, a mirror construction and a commercial personal
computer. The sensor is based on a phase-measuring triangulation
method (Gruber and Häusler, 1992). There is no need for special
safety precautions for the patient, since the advantage of this
optical sensor is its contactless data acquisition accompanied by its
high accuracy in the z-direction with 200 mm and a short
measurement time of 430 ms. The mirror construction permits the
capture of over 180� of the patient’s face. The computer program
Slim3D (3D-Shape�, Erlangen, Germany) automatically triangu-
lates, merges and post processes the data (Laboureux and Häusler,
2001). Final output is a triangulated polygonmesh that is visualized
as a synthetically-shaded or wire-mesh representation (Hartmann
et al., 2007). For the volume calculation all patients were photo-
graphed with a standard technique for frontal views of the face.
Adjustment occurred on the Frankfurt horizontal line, parallel to
the floor. Patients sat on a self-adjustable stool and were asked to
look into a mirror with standard horizontal and vertical lines
simulating a red cross marked on it. The horizontal line was
adjusted to subnasale and themidline of the face was aligned to the
vertical line. Patients were instructed to swallow hard and to keep
their jaws in a relaxed position for the scan. 3D optical scans were
recorded at 6 points in time: 1st day after surgery (T1), on the 2nd
(T2), the 3rd (T3), the 10th (T4) the 28th (T5) and 90th (T6) post-
operative day. For each patient we chose time point T6 as reference,
because at this time point any soft tissue swelling which could
influence the measurements could be excluded (Fig. 2). Annota-
tions of T1eT6 were prepared by an error minimization algorithm
by modified ICP (Iterative Closest Point) using simulated annealing
by the LevenbergeMarquardt algorithm (Besl and McKay, 1992,
Zhang, 1992). To minimize disturbance of soft tissue during the
registration process only regions of the faces that were not influ-
enced by the swellings were used for surface matching: forehead,
ears and root of the nose. The geometrical models were aligned
with the forehead and the ears. After the aligned shell deviation
rative swelling in treatment of bilateral mandibular fractures using 2
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Table 1
Study inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Bilateral mandible fracture Comminuted mandible fracture
Ramus
Angle
Body
Parasymphyseal
Symphyseal
Intra-oral approach

Condylar/Subcondylar
Alveolar ridge
Infected fractures
Pathological fractures
Extra-oral approach

Age between 18 and 65 Likely to fail to attend for follow up
Preoperative pain score

(VAS) below 4
Pregnancy and nursing mother
Heart, chest, liver, circulatory
metabolic, renal and malignant disease,
including dermatological diseases of the face
Chronic pain syndromes, drug addiction,
recent surgery, CNS abnormalities, infectious
conditions, immune system suppression
Blood coagulation disorders
Allergic reactions to pharmaceuticals
and antibiotics

Written informed consent
No Raynaud’s phenomenon Known nerve damage in the surgical area

Fig. 2. The final 3D output of the Slim3D software is a triangulated polygon mesh,
visualized as a synthetically-shaded representation. 3D optical scans were recorded
during six time points: T1 (1st day after surgery, mask not shown), T2 (2nd day
postoperatively, yellow mask), T3 (3rd day postoperatively, red mask), T4 (10th day
postoperatively, green mask) and T5 (28 days after operation, mask not shown), T6
(90th day postoperatively, blue mask). The reference 3D model of each patient was T6.
An individual mask of the lower face of each patient was created and aligned to all
captures and the difference of volume was calculated thereby.

Fig. 1. A e demonstrates the Hilotherm� device. A maximum of 2 masks can be connected to 1 Hilotherm� device. The temperature can be adjusted from 10 to 30 �C. B e Front view
of a patient wearing the mask.
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panels were created for cut off to create an individual mask of the
lower face (Fig. 2).

2.6. Neurological analysis

The neurological analysis was performed bilaterally and used to
be able to evaluate nerve dysfunctions. The skin of the mental
region, upper and lower lip were checked using a cotton test for
touch sensation, a pinprick test using a needle for sharp pain and
a blunt instrument for testing pressure. Additionally, a two point
discrimination test was performed on these regions. The same
procedurewas accomplished for the lower lip and themental nerve
skin region. The results were recorded on a score that ranged
Please cite this article in press as: Rana M, et al., 3D evaluation of postope
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between 0 and 13, with 13 being the worst neurological score. The
neurological score was assessed at 3 points in time: on the 1st (T1),
the 2nd (T2), the 28th (T3), and the 90th (T4) postoperative day.

2.7. Mandibular dysfunction

Mandibular dysfunction analysis was performed with the Hel-
kimo (Helkimo, 1974) test and used to evaluate the lateral and
forward movement of the mandible, pain on mandibular movement
andmouth opening. The resultswere recorded on a score that ranged
between 0 and 5, with 5 being the worst mandible dysfunction. The
Helkimo score was calculated at 4 points in time: on the 1st (T1), the
10th (T2), the 28th (T3), and the 90th (T4) postoperative day.
rative swelling in treatment of bilateral mandibular fractures using 2
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Table 2
Baseline characteristics of patients.

Hilotherm� Conventional P value

Gender female e no./total no. (%) 3/16 (19) 2/16 (13) 0.67
Age (years) � SD 27.1 � 11.9 33.4 � 13.3 0.212
BMI (kg/m2) � SD 24.4 � 5.0 23.6 � 3.5 0.58
Operation duration (minutes) � SD 96.8 � 52.7 98.5 � 31.2 0.92
Hospitalization duration (days) � SD 5.2 � 1.2 6.1 � 1.5 0.08
OHIP G-14 score 11.5 � 9.5 17.8 � 9.5 0.107
Preoperative pain score (VAS) � SD 3.3 � 1.8 3.8 � 1.7 0.45
Preoperative neurological score (NS) � SD 3.2 � 1.7 3.4 � 1.8 0.81
Preoperative mouth opening (mm) � SD 24.9 � 5.5 26.1 � 9.6 0.67

Fig. 3. The figure demonstrates the amount of swelling in ml of both groups at
different time points. At 1st and 2nd postoperative day a significant down-regulation
of swelling could be achieved by cooling with Hilotherm compared to conventional
cooling. This trend could be maintained at 3rd postoperative day. After 28 days no
differences with respect to swelling could be documented in both groups.

Fig. 4. Pain was calculated in terms of a visual analogue scale from subjective analysis
ranging from 0 to 10. A significant increase of pain was reported in the conventional
group compared to Hilotherm group during 1st and 2nd postoperative days. The pain
intensity remained significantly unchanged during 10th postoperative day in both
groups.
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2.8. Patient satisfaction

Each patient was asked to complete a questionnaire on the 10th
postoperative day. They were asked how they evaluated satisfac-
tion and convenience of the cooling therapy on a subjective base.
The grading scale ranged from 1 to 4, where 1 stands for very
satisfied and 4 for not satisfied.

2.9. Measurement of mouth opening

Trismus was calculated with interincisal mouth opening and
was measured with a calliper. The result was quoted in millimetres
and recorded on 5 occasions: before surgery (T0), directly after
surgery (T1), on the 2nd (T2), the 10th (T3), the 28th (T4) and 90th
(T5) postoperative day.

2.10. Statistical analysis

All data is expressed as mean values �1 SEM. For repeated
measures a one-way analysis of variance (ANOVA) with post hoc
Bonferroni’s test for multiple comparisons of means was applied.
Since the observed parameters mainly consist of dichotomous
variables, a c2-test and a Wilcoxon-test were conducted to detect
differences between conventional cooling and hilotherapy. To
check for statistical significance of quantitative variables the
Student t-test was used, denoting a p-value of <0.05 as significant.
The statistical analysis was conducted using SPSS for Windows
version 14.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Baseline characteristics

Thirty-two patients were randomly enrolled in the study. After
reposition and osteosynthesis of bilateral mandibular fractures 16
patients were assigned to conventional cooling therapy and 16
patients were treated with Hilotherapy. The clinical and demo-
graphic characteristics of patients in both groups are shown in
Table 2. There were no statistical significances regarding gender,
age, body mass index (BMI) and surgery duration.

The Hilotherm� device functioned well in all cases.

3.2. Postoperative swelling

Swelling was measured in terms of volume in millilitres as
described in the method section. On the 1st day after surgery
a statistically significant reduction of swelling was noticed by
applying the Hilotherm cooling device compared to conventional
cooling therapy (Hilotherm: 68.9 � 20.9 ml, conventional:
106.8� 37.5 ml,p¼ 0.0007) (Fig. 3).Maintaining this tendencyon the
2nd day after surgery a statistical significant reduction of swelling
could be documented (Hilotherm: 81.9� 25.2 ml, conventional:
119.9� 50.9 ml, p¼ 0.006). On the 3rd day the statistically significant
difference continued (Hilotherm: 69.0� 30.5 ml, conventional:
105.9� 45.4 ml, p¼ 0.017). On the 10th and 28th postoperative day
the measured swelling was almost equal in both groups (Hilotherm:
24.6�17.9 ml, conventional: 29.6�15.9 ml, p¼ 0.418) (Hilotherm:
11.2�13.2 ml, conventional: 8.9� 8.6 ml, p¼ 0.53). Maximal
swelling was noticed at 2nd day after surgery with 81.9� 25.2 ml by
Hilotherapyandwith119.9� 50.9 ml forconventional cooling (Fig. 3).

3.3. Postoperative pain

Pain was calculated in terms of a 10-point visual analogue scale
from subjective analysis ranging from 0 to 10. Preoperatively no
Please cite this article in press as: Rana M, et al., 3D evaluation of postope
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statistical significant differences were found between both groups
concerning the pain score (preoperative: Hilotherm: 3.33�1.76,
conventional: 3.81�1.68, p¼ 0.45). At the 1st and 2nd postoperative
day a significantly reduced pain score was obtained by Hilotherapy
compared to conventional cooling (1st day: Hilotherm: 3.87�1.81,
conventional: 5.53�1.64, p¼ 0.0043) (2nd day: Hilotherm:
3.63� 2.39, conventional: 6.31�1.92, p¼ 0.0015) (Fig. 4). Although
not statistically significant, at the 10th postoperative day there was
rative swelling in treatment of bilateral mandibular fractures using 2
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a tendency to lower pain scores compared to conventional cooling
(Hilotherm:0.56� 0.73, conventional: 1.06� 0.998, p¼ 0.088) (Fig. 4).

3.4. Postoperative neurological score

There were no statistically significant differences found
between the groups concerning the preoperative neurological
score, 1, 10, 28 and 90 days after surgery (preoperative: Hilotherm:
3.20�1.72, conventional: 3.40�1.83, p¼ 0.8) (1st day: Hilotherm:
3.40�1.92, conventional: 3.60� 2.1, p¼ 0.8) (10th day: Hilotherm:
3.40�1.84, conventional: 2.80�1.82, p¼ 0.3) (28th day: Hilo-
therm: 2.40� 2.03, conventional: 2.27� 2.02, p¼ 0.9) (90th day:
Hilotherm: 0.60� 0.91, conventional: 1.00�1.31, p¼ 0.3) (Fig. 5).

3.5. Trismus

Baseline (preoperative) mouth opening values did not differ
significantly in both groups (Fig. 6). At 1st, 2nd, 10th, 28th and 90th
postoperative day no statistical significant alterations of mouth
opening could be revealed in both groups (preoperative: Hilotherm:
24.88� 5.54, conventional: 26.06� 9.64, p¼ 0.667) (1st day:
Fig. 6. Preoperative and postoperative mouth opening values did not differ signifi-
cantly in both groups. Direkt 1st day after treatment of mandibular fractures mouth
opening climbed to preoperative vales and no differences were observed comparing
both groups and in comparing to baseline. *p< 0.05.

Fig. 5. No changes were found concerning the neurological score at 1st, 10th, 28th and
90th postoperative days in both groups. However, a highly significant decrease of the
neurological score was observed at 10th compared to 2nd postoperative day in each
group.
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Hilotherm: 20.38� 4.79, conventional: 17.94� 5.89, p¼ 0.221) (2nd
day: Hilotherm: 21.88� 3.40, conventional: 20.53� 5.30, p¼ 0.379)
(10th day: Hilotherm: 27.38� 4.53, conventional: 25.67�4.78,
p¼ 0.329) (28th day: Hilotherm: 2.40� 2.03, conventional:
2.27� 2.02, p¼ 0.9) (90th day: Hilotherm: 46.50� 7.73, conven-
tional: 42.13� 6.84, p¼ 0.254) (Fig. 6).

3.6. Mandibular dysfunction

Baseline (preoperative) movement of the mandible values did
not differ significantly in the groups (Fig. 7). At 1st, 10th, 28th and
90th postoperative day no statistical significant alterations of
mandibular dysfunction could be noticed in both groups (1st day:
Hilotherm: 3.0� 0.63, conventional: 3.06� 0.77, p¼ 0.791) (10th
day: Hilotherm: 2.63� 0.89, conventional: 2.25� 0.78, p¼ 0.211)
(28th day: Hilotherm: 1.50�1.21, conventional: 1.81�0.91,
p¼ 0.429) (90th day: Hilotherm: 0.50� 0.89, conventional:
0.63� 0.71, p¼ 0.683) (Fig. 7).

3.7. Patient satisfaction

Patient satisfaction, which was assessed at 5th day after surgery,
showed a statistically significant difference between Hilotherapy
and conventional cool packs (Hilotherm: 1.8� 0.2, conventional:
3.0� 0.3, p¼ 0.003) (Fig. 8).
Fig. 7. Preoperative and postoperative mandible dysfunction values did not differ
significantly in both groups.

Fig. 8. The overall satisfaction was significantly lower of patients receiving conven-
tional therapy compared to patients receiving cooling therapy by Hilotherm�.
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4. Discussion

This study demonstrates that continuous cooling with the
Hilotherapy devices reduces postoperative swelling, pain, trismus
in treatment of mandibular fractures compared to conventional
cooling with cold packs. Patient satisfaction in those treated with
Hilotherapy was better compared to patients receiving conven-
tional cooling. The postoperative neurological score was similar in
both groups. Wound healing was uneventful.

It has been shown that the healing process and possible compli-
cations in the treatment ofmandibular fractures can be influenced by
various factors such as surgeon experience, age and sexof the patient,
bone removal or use of antibiotics (Panayiotis, 2011, Rana et al.,
2011a,b). Another variable that can have an influence on the degree
of facial swelling is the duration of operating time, which is often
related to surgical difficulties in reposition and osteosynthesis (Bhatt,
2011). Since operating time was not significantly different in both
groups this factor does not have any impact on the results.

Patients receiving cooling therapy by Hilotherm� demonstrated
a significant reduction of postoperative hospital stay duration
compared to conventional cooling. Every reduction of hospital stay
reduces the rate of nosocomial infections and thereby reduces in-
hospital morbidity and mortality. Postoperative pain was signifi-
cantly lower among hilotherapy patients. It has been shown that
lowering temperature slows down peripheral nerve conduction
(Panayiotis, 2011). It has been proven that 1 �C reduction in
temperature causes 2.4 m/s reduction in peripheral nerve conduc-
tion, reaching complete loss of nerve conduction at 10e15 �C
(Stangel, 1975).

Complications can be influenced by various other factors, as has
been shown for third molar surgery (Rana et al., 2011a,b). Although
cryotherapy is a relatively safe way to treat complications after oral
or maxillofacial surgery, cold therapy should only be employed
with caution. Above all very young or very old patients may not
tolerate external cooling (Cameron, 1999) but as the region that is
affected by swelling after third molar surgery has a good blood
supply, the incidence of these contra-indications is very low for oral
and maxillofacial surgery (Van der Westhuijzen et al., 2005).

Topographical considerations make it difficult to quantify the
volume facial of swelling and there are some limitations of this
measurement technique which should be considered. The volume
measurement with this technique is limited to localized face
swelling, because face areas which had not been affected by the
swelling are necessary for surface matching (Rana et al., 2011a,b).
Some methods are described to predict soft tissue via cephalo-
grams, which are able to create 3D images. Ethically, the benefits of
cephalograms cannot justify the patient’s exposure to ionizing
radiation (Klatt et al., 2011).

The biological effect of cooling therapy on vascular, neural, and
muscular tissues and the metabolic effect are known. Cryotherapy
decelerates cell metabolism, because according to Van’t Hoff law, it
slows down biochemical reactions. Cold therapy constricts blood
vessels, with the intensity of vasoconstriction reaching the greatest
value at a temperature of 15 �C. A decrease in body temperature slows
down peripheral nerve conduction. For temperatures below 15 �C
nerve conduction is abolished and the vasoconstriction turns into
a vasodilatation. These biological effects influence postoperative
symptoms. The anti-oedema effect is caused by the vasoconstriction;
thepain reducingeffectof cold is related toablockingof nerve endings.
This blockingdeceleratesnerve conductionand reduces inflammation.
Icepacksor similar conventional coolingmethodsusea temperatureof
around 0 �C. Such a low temperature constrains lymph drainage and
cell metabolism (Guyton, 1991). The effects of a treatment with
temperatures too low have already been mentioned.
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different cooling therapy methods: A randomized observer blind pr
doi:10.1016/j.jcms.2012.04.002
These factors suggest that a system is needed that maintains the
desired temperature over a fixed period of time. To fulfil this
requirement this study worked with the cooling device Hilotherm�

Clinic (Hilotherm� GmbH, Germany) (Rana et al., 2010). Further
investigations are needed to assess the use of this technique in
other clinical areas (Metzger et al., 2011, van den Bergh et al., 2011).

In summary, use of the cooling device by Hilotherm reduces
postoperative swelling, pain and hospital stay duration compared
to conventional cooling.

5. Conclusions

The Hilotherm system represents a simple, easy-to-use and cost-
effective treatment alternative to the use of cold compresses. As well
as reducing the need to change the ice packs regularly, the study
showed statistically better outcomeswith regard to pain and swelling,
with high levels of patient satisfaction. There were no adverse effects
of the treatment.Webelieve thisdeviceand theHilotherapy technique
could play a major part in oral and maxillofacial surgery.
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