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Abstract. Orthognathic surgery is associated with side effects including severe
postoperative swelling, pain, neurological dysfunction and trismus. The beneficial
effects of localised cold treatment on postoperative swelling have been described.
Topographical considerations make it difficult to quantify facial swelling. A new
and promising method to measure facial swelling seems to be optical face scanning.
This study aimed to evaluate the 3D optical scanner to measure soft tissue swelling
following orthognathic surgery. Postoperative swelling was treated either with
conventional cooling by cold packs or with the water-circulating cooling device
Hilotherm Clinic. Secondary endpoints in each group included postoperative pain,
neurological complaints, duration of hospital stay, trismus and patient satisfaction.
The use of the cooling device by Hilotherm significantly reduced postoperative
swelling, pain and hospital duration compared with conventional cooling.
Postoperative trismus and satisfaction with the cooling method was significantly
higher in the Hilotherm group compared with conventional cooling. No differences
were observed concerning neurological score and outcome. In conclusion, 3D
optical scanning is a simple and precise method of quantifying face swelling after
orthognathic surgery. Hilotherm significantly reduces swelling and duration of
hospital stay compared with conventional cooling.
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Orthognathic surgery is generally asso-
ciated with side effects in the form of
severe postoperative swelling, pain, facial
oedema, inflammation and limited mouth
opening due to muscle spasm (trismus)19.
Postoperative pain is typically brief and
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peaks in intensity in the early postopera-
tive period, whilst swelling and trismus
characteristically reach their maximum
48–72 h after surgery3. These side effects
can be reduced by corticosteroids, non-
steroidal anti-inflammatory drugs
(NSAIDs), the combination of corticoster-
oids and NSAIDs and enzyme prepara-
tions such as serrapeptase3,8. Methods
such as manual lymph drainage, cryother-
apy and soft laser seem to be alterna-
tives16,20,22. There is a lack of evidence
to justify these methods so these forms of
treatment are largely applied in an empiri-
cal manner.

The beneficial effects of localised cold
treatment on postoperative swelling have
been described extensively1,21. The ther-
apeutic use of cold is thought to have
favourable effects on oedema, pain and
inflammation1,21. It also reduces bleeding
and haematomas14. The pain relieving
effects of cold are well documented and
the activity of inflammatory enzymes is
reduced in low temperatures. In the litera-
ture relating to oral and maxillofacial sur-
gery there is little scientific evidence and
few trials on the effects of cold applica-
tion5,24.

Topographical considerations make it
difficult to quantify the facial volume of
swelling. Various methods for measuring
facial swelling have been proposed, such
as verbal response scales, mechanical
methods (cephalostat, callipers, registra-
tion of reference points or landmarks),
ultrasound, photographic techniques,
computed tomography (CT), and magnetic
resonance imaging (MRI)3,13,17,20. These
techniques have shown variable accuracy
and success and can be considered partial
solutions. Some methods are described to
predict soft tissue via cephalograms,
which are able to create 3D images2.
Ethically, the benefit of cephalograms
might not justify the patient’s exposure
to ionizing radiation. The most promising
method of capturing the soft tissue of the
human face seems to be optical face scan-
ning with mirror construction. It precisely
maps the entire face from ear to ear, over
Table 1. Baseline characteristics of patients.

Gender female no./total no. (%) 

Age (years) 

BMI (kg/m2) 

Operation duration (min) 

Hospitalization duration (days) 

Mandibular retrognathia no./total no. (%) 

Mandibular prognathism no./total no. (%) 

Maxillary movement (mm) 

Mandibular movement (mm) 
1808 with one capture, in a few seconds.
The textures are photorealistic and provide
digitalized data (lengths, surfaces, volume
angles, symmetries).

This study aimed to evaluate the 3D
optical scanner (3D-Shape GmbH, Erlan-
gen, Germany) to measure soft tissue
swelling in terms of volume (ml) follow-
ing orthognathic surgery. Post-surgery
swelling was treated with conventional
cooling by cold packs or with the water-
circulating cooling device Hilotherm
Clinic (Hilotherm1, Ludwigshafen, Ger-
many). Secondary endpoints for each
group included postoperative pain, neuro-
logical complaints, trismus (interincisal
mouth opening) and patient satisfaction.

Materials and methods

Approval for the study was obtained from
the relevant ethics committee at the Uni-
versity of Münster, Germany (CIS 2007-
237-f-M). Positive written consent was
obtained from each subject who partici-
pated in the study.

42 consecutive adult patients with an
indication for orthognathic surgery were
enrolled prospectively and observer blind.
They were divided into two groups ran-
domly. To reduce postoperative swelling,
patients in the first group received conven-
tional cooling therapy with cold packs,
whilst patients in the second group were
treated with a water-circulating mask with a
continuous temperature of 15 8C by
Hilotherm1. Exclusion criteria were syn-
dromes such as cleft or craniofacial defor-
mities. Patients with systemic or
coagulative disorders, pregnancy and
patients receiving any regular drug therapy
(e.g. antiphlogistic), except for the oral
contraceptive pill, were excluded from the
study.

Surgical technique

The patients, all diagnosed with skeletal
and dental malocclusion, had undergone
preoperative orthodontic treatment. 42
patients were included in the study, 12
Hilotherm1 Conventional p value

17/21 (67) 14/21 (78) 0.304
25.1 � 1.5 28.7 � 2.3 0.208
24.0 � 1.0 23.9 � 0.9 0.945
154.3 � 5.8 153.6 � 5.5 0.929
6.3 � 0.1 6.7 � 0.1 0.05
14/21 (67) 12/21 (57) 0.537
7/21 (33) 9/21 (43) 0.537
3.1 � 0.3 3.3 � 0.3 0.629
5.9 � 0.5 5.5 � 0.6 0.674
of 21 patients underwent a mandibular
retrognathia in the conventional group
and 14 of 21 in the Hilotherm group (Table
1). Accordingly, 9 of 21 patients under-
went a mandibular prognathism in the
conventional group and 7 of 21 in the
Hilotherm group. The surgical procedure
was a standardised Le Fort 1 maxillary
downfracture technique as described by
EPKER

7 and mandibular surgery described
by OBWEGESER

18. Intermaxillary fixation
was carried out for 24 h. The surgery
was performed by a single surgeon. Drug
therapy in both groups included 1000 mg
paracetamol (Perfalgan1) intravenously
and 100 mg diclofenac (Voltaren1) per
day for 3 days from the second postopera-
tive day as anti-inflammatory and analge-
sic therapy. Antibiotic prophylaxis
consisted of ceftriaxone 2000 mg/day for
4 days. Perioperatively a single dose of
50 mg steroids (Solu Decortin1) was
administered to each patient.

Study intervention

21 patients were assigned to conventional
cooling and 21 patients to the water-cir-
culating external cooling device
Hilotherm Clinic. The order of the cooling
method was determined randomly and was
not influenced by the clinicians responsi-
ble for the individual patients. For both
groups, cooling was initiated as soon as
possible after surgery until postoperative
day 3 continuously for 16 h daily.

Conventional cooling consists of using
cold packs. Cool packs were changed
every 2 h. The water-circulating cooling
system consists of a thermoplastic poly-
urethane mask connected to the Hilotherm
device (Fig. 1A). Figure 1B and C demon-
strates how the mask covers the face dur-
ing the cooling procedure. The
temperature setting is adjustable from
+10 to +30 8C and was set to +15 8C. It
is possible to choose between short-time
mode, interval mode and continuous. In
short-time mode, the device performs for
the preset period of time and shuts off after
completion. In interval operation, the sys-
tem continuously performs according to
the preset operating and pause intervals.
For continuous duty the system works
continuously.

3D optical scanner

The FaceScan3D optical 3D sensor (3D-
Shape GmbH, Erlangen, Germany) con-
sists of an optical range sensor, two digital
cameras, a mirror construction and a com-
mercial personal computer (Fig. 2). It was
used to measure the amount of swelling by
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Fig. 1. (A) The Hilotherm1 device connected with two masks. A maximum of two masks can
be connected to one Hilotherm1 device. The temperature can be adjusted from 10 to 30 8C. The
display demonstrates the current degree of water circulating through the mask and the
temperature set by the operator. (B) Front view and (C) side view of a patient wearing the mask.

Fig. 2. (A) The setup of the 3D optical scan-
ner by 3D-Shape GmbH (Erlangen, Ger-
many). P = patient, C1 = camera 1,
C2 = camera 2. (B) The special mirror con-
struction that allows an image of the patient’s
face to be captured from ear to ear in a single
recording from over 1808. Slim3D software
(3D-Shape, Erlangen, Germany) automati-
cally triangulates, merges and post-processes
the 3D data.
volume (ml). The sensor is based on a
phase-measuring triangulation method9.
The advantage of this optical sensor is
contactless data acquisition along with
high accuracy in the z-direction with
200 mm and a short measurement time
of 640 ms. There is no need for special
safety precautions to protect the patient
from, for example ionizing radiation. The
light intensity of the cameras is low. A
special mirror construction that allows the
patient’s face to be captured from ear to
ear in a single recording from over 1808
was designed. Slim3D (3D-Shape, Erlan-
gen, Germany), a computer program,
automatically triangulates, merges and
post-processes the 3D data15. The final
3D output is a triangulated polygon mesh,
visualized as a synthetically shaded or
wire-mesh representation12. 3D optical
scans were recorded over five time peri-
ods: T0 (preoperative scan), T1 (day 2
postoperatively), T2 (day 3 postopera-
tively), T3 (day 4 postoperatively) and
T4 (6 months postoperatively) (Fig. 3).
For each patient, time point T4 was chosen
as the reference, because at this time point
swelling of soft tissue could be excluded,
which could influence the measurements.
Annotations of T0–T4 were prepared by
an error minimization algorithm by mod-
ified Iterative Closest Point (ICP) using
simulated annealing and Levenberg–Mar-
quardt15. To minimize the disturbance of
soft tissue during the registration process
only regions of the faces that were not
influenced by the swellings were used for
surface matching: forehead, ears and root
of the nose. The geometric models were
aligned with the forehead and the ears. The
aligned shell deviation panels were cre-
ated for cut off to create an individual
mask of the middle face. Finally, the
difference in volume was calculated.

Postoperative pain analysis

Pain analysis was performed using a visual
analogue scale (VAS) as described pre-
viously23. Briefly, pain was graded on a
score from 0 to 10, where as 0 denotes no
pain and 10 maximum intensity of pain.

Postoperative neurological score

analysis

Neurological analysis was done for infra-
orbital and mental nerve bilaterally as
described previously6 with some modifi-
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Fig. 3. 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 five time points: T0
(preoperative scan, image not shown), T1 (day 2 postoperatively), T2 (day 3 postoperatively),
T3 (day 4 postoperatively) and T4 (6 months postoperatively). The reference 3D model of each
patient was T4. An individual mask of the midface of each patient was created and aligned to all
captures and the difference in volume was calculated.

Fig. 4. The amount of swelling in ml of both groups at different time points. At postoperative day 2
a significant down-regulation of swelling could be achieved by cooling with Hilotherm compared
with conventional cooling. This trend could be maintained during postoperative days 3 and 4. After
6 months no differences with respect to swelling could be documented in either group.
cations. This method was created for nerve
reconstructions. The authors used this neu-
rological score to evaluate nerve dysfunc-
tion after orthognathic surgery. Briefly,
the skin of the infraorbital region and
the upper lip was checked using a cotton
test for touch sensation, a pinprick test
using a needle for sharp pain and a blunt
instrument for pressure. In addition, a two
point discrimination test was performed
on these regions. The same observation
was carried out on the lower lip and the
mental nerve skin region. The results were
graded with a score ranging from 0 to 13,
where 13 was the worst neurological
score. The scores were collected on day
4 and 6 months postoperatively.

Analysis of mouth opening (trismus)

Trismus was calculated with interincisal
mouth opening and was measured with a
calliper. The results were quoted in milli-
metres and were observed at four time
points: pre-operative, day 2, day 4, and
after 6 months.

Patient satisfaction of cooling therapy

All patients were given a questionnaire
before discharge from hospital. They
were asked to report their subjective
perception of the comfort and satisfac-
tion of the postoperative cooling ther-
apy. The data were graded on a scale of
1–4, where 1 was very satisfied and 4 not
satisfied.
Statistical analysis

All data are expressed as mean values � 1
SEM. A one-way analysis of variance
(ANOVA) with post hoc Bonferroni’s test
for multiple comparisons of means was
used for repeated measures. Student’s t-
test was applied for quantitative variables.
A p value < 0.05 was considered signifi-
cant. Statistical analysis was carried out
with SPSS software for windows Version
14.0 (SPSS Inc., Chicago, IL, USA).

Results

42 patients were enrolled in the study.
After orthognathic surgery, 21 patients
were assigned to conventional cooling
and 21 patients to the water-circulating
external cooling device. The clinical and
demographic characteristics are given in
Table 1. No differences were found with
respect to gender, age, body mass index,
operation duration and surgical technique
(Table 1). Significantly shorter hospitali-
zation duration was found in the
Hilotherm group compared with the con-
ventional group (6.3 � 0.1 days versus
6.7 � 0.1 days, respectively, p = 0.05).

Postoperative swelling

Swelling was measured in terms of
volume in millilitres. Figure 3 demon-
strates representative 3D optical scans of
a patient at different time points. By post-
operative day 2 a significant down-regula-
tion of swelling was achieved by cooling
with Hilotherm compared with conven-
tional cooling (92.9 � 7.0 ml versus
120.2 � 8.8 ml, respectively, p = 0.03)
(Fig. 4). This trend was maintained during
postoperative days 3 and 4. On day 3 the
Hilotherm value was 87.1 � 7.2 ml com-
pared with the conventional value of
124.1 � 10.1 ml (p = 0.01). On day 4
the Hilotherm value was 72.5 � 5.4 ml
compared with the conventional value of
106.6 � 7.8 ml (p = 0.001). After 6
months no differences with respect to
swelling could be documented in either
group (Hilotherm 7.7 � 3.2 ml versus
conventional 5.3 � 3.9 ml, p = 0.6). Max-
imal swelling was noted with
92.9 � 7.0 ml during postoperative day
2 with Hilotherm and with
124.1 � 10.1 ml during postoperative
day 3 with conventional cooling.
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Fig. 5. Pain was calculated in terms of a VAS from subjective analysis ranging from 0 to 10. A
significant increase in pain was reported in the conventional group compared with the Hilotherm
group during all examined postoperative days. The pain intensity remained unchanged during
the third compared with the second postoperative day in each group. A significant down-
regulation of subjective pain could be achieved during the fourth compared with the second and
third postoperative days in each group.

Fig. 6. No changes were found concerning the neurological score at day 4 and 6 months after
orthognathic surgery in either groups. A highly significant decrease of the neurological score
was observed after 6 months compared with postoperative day 4 in each group.
Postoperative visual analogue pain scale

Pain was subjectively assessed using a
VAS ranging from 0 to 10. A significant
increase of pain was reported in the con-
ventional group compared with the
Hilotherm group during all examined
postoperative days (day 2: Hilotherm
3.5 � 0.5 versus conventional 6.6 � 0.4,
p < 0.001) (day 3: Hilotherm 3.8 � 0.4
versus conventional 6.0 � 0.4, p = 0.002
) (day 4: Hilotherm 1.6 � 0.3 versus con-
ventional 3.0 � 0.4, p = 0.001) (Fig. 5).
Pain intensity remained unchanged during
the third day compared with the second
postoperative day in each group (Hilo
therm: day 2, 3.5 � 0.5 versus day 3,
3.8 � 0.4, p = 0.586; conventional: day
2, 6.6 � 0.4 versus day 3, 6.0 � 0.4,
p = 0.309). A significant reduction of sub-
jective pain was achieved during the
fourth compared with the second and third
postoperative days in each group respec-
tively (Hilotherm: day 2, 3.5 � 0.5 versus
day 4, 1.6 � 0.3, p = 0.001; conventional:
day 2, 6.6 � 0.4 versus day 4, 3.0 � 0.4,
p < 0.001) (Hilotherm: day 3, 3.8 � 0.4
versus day 4, 1.6 � 0.3, p < 0.001; con-
ventional: day 3, 6.0 � 0.4 versus day 4,
3.0 � 0.4, p < 0.001).

Postoperative neurological score

No changes were found in the Hilotherm
group concerning the neurological score at
day 4 and 6 months after orthognathic
surgery compared with conventional cool-
ing (day 4: Hilotherm 2.5 � 0.3 versus
conventional 2.9 � 0.4, p = 0.287) (6
months: Hilotherm 1.8 � 0.3 versus con-
ventional 2.0 � 0.4, p = 0.54) (Fig. 6). A
highly significant decrease in neurological
score was observed after 6 months com-
pared with postoperative day 4 in each
group (Hilotherm: day 4, 2.5 � 0.3 versus
6 months 1.8 � 0.3, p < 0.001; conven-
tional: day 4, 2.9 � 0.4 versus 6 months
2.0 � 0.4, p < 0.001).

Mouth opening experiments

Baseline (preoperative) mouth opening
values did not differ significantly between
groups (Fig. 7). On postoperative day 2
there was a significant reduction in mouth
opening in both groups (Hilotherm: pre-
operative 39 � 0.5 ml versus day 2,
21.5 � 0.6 ml, p < 0.001; conventional:
preoperative 39 � 0.4 ml versus day 2,
16.5 � 0.6 ml, p < 0.001). The reduction
in mouth opening was significantly lower
in the Hilotherm group compared with the
conventional group (Hilotherm 21.5
�0.6 ml versus conventional 16.5
�0.6 ml, p < 0.001). On postoperative
day 4 a significant increase in mouth open-
ing was achieved in both groups compared
to postoperative day 2 (Hilotherm: day 2,
21.5 � 0.6 ml versus day 4, 25 � 0.6 ml,
p < 0.001; conventional: day 2,
16.5 � 0.6 ml versus day 4, 22 � 0.5 ml,
p < 0.001). The reduction in mouth open-
ing remained significantly lower in the
Hilotherm group compared with the con-
ventional group on postoperative day 4
(Hilotherm 25 � 0.6 ml versus conven-
tional 22 � 0.5 ml, p < 0.001). Six
months after orthognathic surgery, mouth
opening climbed to baseline (preopera-
tive) vales and no differences were
observed between the groups (6 months:
Hilotherm 38.6 � 0.5 ml versus conven-
tional 38.1 � 0.4 ml, p = 0.471) and
compared with baseline (Hilotherm: pre-
operative 39 � 0.5 ml versus 6 months
38.6 � 0.5 ml, p = 0.536; conventional:
preoperative 39 � 0.4 ml versus day 2,
38.1 � 0.4 ml, p = 0.163).

Patient’s satisfaction with cooling

therapy

All patients were asked about their satis-
faction with the postoperative cooling
therapy in the form of a questionnaire.
The overall satisfaction of patients in
the conventional group was significantly
lower compared with patients receiving
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Fig. 7. Preoperative mouth opening values did not differ significantly in either group. At
postoperative day 2 there was a significant reduction in mouth opening in both groups. The
reduction in mouth opening was significantly lower in the Hilotherm group compared with
conventional group. At postoperative day 4 a significant increase in mouth opening was
achieved in both groups compared with postoperative day 2. The reduction in mouth opening
remained significantly lower in the Hilotherm group compared with the conventional group at
postoperative day 4. Six months after orthognathic surgery, mouth opening climbed to
preoperative vales and no differences were observed between groups and compared to baseline.
*p < 0.001.

Fig. 8. Overall satisfaction was significantly lower in patients receiving conventional therapy
compared with patients receiving Hilotherm cooling therapy.
the Hilotherm cooling therapy (Hilotherm
1.8 � 0.2 versus conventional 2.9 � 0.3,
p = 0.006) (Fig. 8).

Discussion

A number of different techniques have been
used to measure postoperative swelling.
Two well described methods are MRI
and optical surface laser scanners to
record and quantify facial soft tissue
changes3,11,13,17,20. MRI is associated with
high costs, feelings of claustrophobia, the
need for complex machinery and loss of
time3. These disadvantages mean that it is
not included in routine practice. KAU et al.
demonstrated that 3D laser-scanning is a
reliable and accurate method of measuring
facial swelling following surgery13.

In this study the authors used a new and
precise method to measure face swelling
after orthognathic surgery using 3D opti-
cal scanning. The system consists of an
optical range sensor, two digital cameras
and a mirror construction. The sensor is
based on a phase-measuring triangulation
method9. A special mirror construction
was designed to allow the patient’s face
to be captured from ear to ear in a single
recording from over 1808. The advantage
of this optical sensor is contactless data
acquisition along with high accuracy and
short measurement time. There is no need
for special safety precautions to protect
the patient from, for example ionizing
radiation. The light intensity of the cam-
eras is low. The Slim3D computer soft-
ware, automatically triangulates, merges
and post-processes the 3D data15. The final
3D output is a triangulated polygon mesh,
visualized as a synthetically shaded or
wire-mesh representation12.

This technique was evaluated in
patients undergoing orthognathic surgery
in a prospective manner. Patients were
divided into two groups. To reduce swel-
ling, one group received postoperative
cooling therapy with conventional meth-
ods (cold packs) and the other a cooling
therapy using the water circulating
cooling device from Hilotherm. Cooling
by Hilotherm resulted in significantly
reduced postoperative swelling compared
with conventional cooling. In the
Hilotherm group, maximum swelling
occurred on postoperative day 2, in the
conventional group it occurred on post-
operative day 3. Six months after orthog-
nathic surgery no differences were found
with respect to the degree of swelling. The
reduced swelling in the Hilotherm group
can be explained by the precise and con-
tinuous cooling at 15 8C with the cooling
mask. Cooling using cold packs results in
a discontinuous and sporadically decreas-
ing temperature. Vasoconstriction
increases most at 15 8C10. When cuta-
neous temperature falls below 15 8C, a
paradoxical vasodilatation occurs attribu-
table to a paralysis of vascular smooth
musculature or nervous conduction block
of vasoconstrictive nervous fibres. This
vasodilatation is a defence mechanism,
to preserve blood flow at low tempera-
ture10.

Patients receiving Hilotherm cooling
had a significant reduced postoperative
hospital stay compared with those under-
going conventional cooling. Every reduc-
tion in hospital stay reduces the rate of
nosocomial infection and reduces in-hos-
pital morbidity and mortality.

Postoperative pain was significantly
lower in the Hilotherm group compared
with conventional cooling. It has been
demonstrated that lowering temperature
slows down peripheral nerve conduction1.
A 1 8C reduction in temperature causes
2.4 m/s reduction in peripheral nerve con-
duction, and at 10–15 8C, nervous conduc-
tion is abolished completely10.

Postoperative mouth opening was sig-
nificantly higher in the Hilotherm group
compared with the conventional cooling
group. No differences were found regard-
ing the postoperative neurological scores.

Patients receiving Hilotherm cooling
therapy were more satisfied than those
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receiving conventional cooling. A recent
technical experience study demonstrated
that Hilotherm provides a safe and effec-
tive cold therapy for controlling the post-
surgery course4.

This measurement technique has some
limitations. Volume measurement is lim-
ited to localized face swelling, because
face areas that have not been affected
by the swelling are necessary for surface
matching. In this study, forehead, ears and
the root of the nose were used for surface
matching. The most limiting factor is the
patient’s facial expression. Different
facial expressions during image acquisi-
tions at different time points can signifi-
cantly influence the volume calculations.
During image acquisition, patients were
instructed to maintain a neutral facial
expression that felt comfortable. It is pos-
sible that volume measurements in
patients with large faces can be overesti-
mated, but this has not been investigated in
the present study. There are many reasons
for soft tissue swelling apart from trauma
for example heart failure can cause
oedema. Liver and kidney failure can be
associated with soft tissue swelling, which
can limit the proposed scanning technique.
Diseases of vessels associated with
endothelial dysfunction can induce tissue
oedema, which is a further limitation of
the measurement technique. Patients with
such diseases should be not included for
tissue swelling measurements with this
technique.

In conclusion, use of the Hilotherm cool-
ing device reduces postoperative swelling,
pain and duration of hospital stay compared
with conventional cooling. Postoperative
mouth opening and cooling method satis-
faction were increased in the Hilotherm
group compared with cooling using cold
packs. No differences were observed con-
cerning the neurological score.
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