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Objective: To evaluate the effects of manual lymphatic drainage
(MLD) on facial edema and pain in patients who underwent
orthognathic surgery from patient and professional perspectives
and clinical measures.
Methods: It is a randomized double-blind clinical trial, where 30
patients who underwent bimaxillary orthognathic surgery were
divided into 2 groups (treatment and placebo). One group
(treatment) received MLD from 2nd postoperative day, besides
cryotherapy and postoperative medications. The other group
(placebo) received cryotherapy, medications, and manual
superficial sliding movements as placebo. For edema evaluation,
facial measurements with tape and photographs were used. To
evaluate patients’ perception, visual analog scale for pain and
edema was used. In statistical analysis, quantitative data were
analyzed using Student t test for normally distributed variables
and Mann–Whitney test for non-normal to find differences between
groups; 5% significance level was adopted.
Results: No difference was found between groups in the amount of
maximum developed edema (P¼ 0.290) nor on what day the edema
peak occurred (P ¼ 0.091). However, it was found that treatment
group showed faster and greater regression of swelling compared
with placebo (P< 0.001). Manual lymphatic drainage was not
effective in relieving pain in these patients and nor in edema
perception (P ¼ 0.784 and P ¼ 0.946, respectively).
Conclusion: Manual lymphatic drainage was effective in reducing
facial measurements in orthognathic surgery postoperatory. When
considering patient’s pain and swelling perception, no difference
was found between groups.
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P ostoperative orthognathic surgery main complaint is facial and
neck edema,1–3 which can cause loss of function, limiting

4,5
mouth opening movements, eyes and head rotation. In addition
to functional complications, the edema can cause psychologic and
emotional problems due to esthetic change of affected body part.6

Edema is characterized by an excess of plasma proteins in inter-
stitial space and its formation occurs when lymphatic flow exceeds
transport capacity of lymphatic system or when its efficiency in
absorbing and carrying these proteins is compromised.7 While
primary edema is a condition usually developed by vascular and/
or congenital diseases, secondary edema occurs from an injury to
lymphatic system, either by infection, cancer, or surgery.8,9

Manual lymphatic drainage (MLD) was first described by
Vodder in the 1930s and aims to remove interstice plasma protein
excess, restoring the balance between lymphatic protein load and
lymphatic system transport capacity.10,11 For this, uptake and
demand movements are used following the lymph path flow,
applying slow and gentle pressure (about 30–40 mm Hg) so that
no lymphatic capillaries compression and damage occurs.12

In maxillofacial surgery, few studies relating MLD were pro-
duced. In 2013, a study investigated MLD’s effects after alveolar
bone grafting surgery in 51 patients with cleft lip and palate. In this
study, researchers investigated facial edema reduction, gain
in mouth opening amplitude, and pain perception after MLD.13

Maxillofacial surgery, including orthognathic surgery, may present,
as consequence of tissue manipulation, structural and functional
changes in lymphatic system, leading to postoperative lymphedema
formation.14,15 Manual lymphatic drainage can be an alternative for
edema treatment from this surgery.

Considering that one of the major postoperative complications
in orthognathic surgery is the edema, the absence of studies of MLD
using postoperative orthognathic surgery and the benefit of this
technique already described in the literature for other surgeries,
this study aimed to verify if MLD is a resource that can be used to
treat edema from this type of surgery. Null hypothesis is that there
is no difference between the edema in patients submitted or not
to MLD.

MATERIALS AND METHODS
This study was approved by the Research Ethics Committee of
Hospital de ReabilitaÄao de Anomalias Craniofaciais and all
participants signed an informed consent agreement. It consists of
a randomized double-blind clinical trial in which 30 individuals
(24 men and 6 women) were selected indicating to bimaxillary
orthognathic surgery, aged between 18 and 40 with cleft lip and
palate.

Sample exclusion criteria consisted of cognitive impairment
individuals, chronic lymphedema, facial and/or trigeminal nerve
involvement, facial skin changes, treated or cancer treatment in
head and neck, vascular issues on face, risk of deep vein thrombosis,
heavy bleeding during surgery, and presence of moderate or severe
postoperative hematoma.
ion of this article is prohibited.
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FIGURE 2. (A) Preoperative; sequence of photographs from 1st day
postoperative (B) until the 6th day postoperative (G) showing facial edema
behavior for placebo group.
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Patients were divided in 2 groups randomized by site ‘‘random-
ization,’’16 in which placebo group did not receive MLD and
treatment group received MLD. All surgeries were performed by
same surgeon with same surgical technique, fully intravenous
anesthesia, tracheal intubation, and induced hypotension. All sub-
jects received cryotherapy in the immediate 48 hours after surgery,
drug treatment with antibiotics, nonsteroidal anti-inflammatory, and
corticosteroids with same drug in same dosage and time in both
groups for all individuals.

Manual lymphatic drainage was performed by same physical
therapist, the only one who knew the distribution of individuals in
the groups, once a day in the morning for 5 consecutive days, from
2nd day after surgery in treatment group. In placebo group, a
placebo was applied also from 2nd postoperative day on. Placebo
consisted of superficial, circular and sliding manual movements in
cheeks and neck region, so that no interference in lymphatic system
occurred.

Manual lymphatic drainage was carried out in a calm and
comfortable environment, with patient lying supine with head
elevation at 308 and physical therapist positioned behind patient.
Movements followed Leduc Method of MLD, following lymph
flow path, slowly and with 30 to 40 mm Hg pressure.12

Evaluation consisted of 3 stages: first, with direct measurements
in patient’s face; second, with patients pain and edema perception
over 6 postoperative days; and third, perception of 2 surgeons for
edema evolution.

Face measures were performed with tape following the measures
used by Piso et al.17 These measurements were performed in
immediate postoperative period right after surgery and repeated
daily until 6th postoperative. All facial measurements were per-
formed by the same examiner previously calibrated with 15 days
apart, intraclass correlation coefficient ranging between 0.46 and
0.84, every day at same hour (Fig. 1).

To evaluate patients’ perception for pain and edema, they filled
2 visual analog scale (VAS) with 100 mm without graduations to
report their pain and edema perception that day, every day in same
time, after MLD or placebo application and without the knowledge
of previous measures.

For clinical perception assessment, 2 surgeons previous cali-
brated and in accordance, analyzed a set of photographs (front, right
profile, left profile, and axial) of 6 days postoperative evolution
(Figs. 2-3). Edema was evaluated in mild, moderate, or severe, over
6 days and the day of greater edema.
Copyright © 2017 Mutaz B. Habal, MD. Unautho

FIGURE 1. (A) Mandibular angle to external eye corner; (B) mandibular angle to
internal eye corner; (C) mandibular angle to mental protuberance; (D) mental
protuberance to external eye corner.
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Photographs were taken by same operator at same time (after
MLD or placebo) with same focal length, aperture and diaphragm
aperture speed, using a Nikon D70S camera, Nikkor MACRO
60 mm lens, circular flash supported in a tripod perpendicular to
ground and images were stored with an RAW extension, ISO 200
and 3008 � 2000 pixels size.

In addition to facial measurements, each patient surgical time
was considered, counted in minutes from surgeon first incision until
the end of sutures.

All data were entered in Excel spreadsheet and submitted to
statistical analysis with SigmaPlot 12.0 software. To calculate
results with facial measurements, the sum of the 4 measurements
per side each day17 was performed, in order to consider face as a
whole—since both surgery and MLD or placebo comprehend
all face.

Whereas orthognathic surgery by itself reflects in size changes
by face skeletal repositioning, initial measure was assumed as those
held immediately after surgery (immediate postoperative). Whereas
patients have different face size, measures were assumed in per-
centages rather than absolute values. So, minimum edema (immedi-
ate postoperative) was considered as initial parameter (0% edema),
maximum edema (100% edema), and its ratio percentage over
postoperative period evolution.

For quantitative data (facial measures), repeated measures’
ANOVA was used and when not normal standards were followed,
Mann–Whitney test. Qualitative data were submitted to McNemar
test for intragroup comparison and chi-squared test for comparison
between groups. For correlation between obtained data, Pearson
correlation test was used. Statistical analysis was 5% significance
level.
rized reproduction of this article is prohibited.

FIGURE 3. (A) Preoperative; sequence of photographs from preoperative (B)
until the 6th day postoperative (G) showing facial edema behavior for treatment
group.
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RESULTS
Mean operative time was 112.40 and 104.67 minutes for placebo
and treatment groups, respectively. No statistical significant differ-
ence was found for surgery time between groups (P ¼ 0.356) and
there was no correlation for surgical time and maximum edema in
placebo group (correlation coefficient �0.263; P ¼ 0.344) and
treatment group (correlation coefficient 0.0841; P ¼ 0.766).

Regarding facial measurements, quantitative progression and
higher edema day were assessed. Quantitatively, edema mean
variation was lower in placebo group (2.79 cm) compared
with treatment group (3.29 cm) but not statistically significant
(P ¼ 0.290). When assessing edema progress at first 72 hours after
surgery, there was no significant difference between groups
(P ¼ 0.703, 2nd postoperative, P ¼ 0.701, 3rd postoperative).
Regarding the higher edema day, it occurred between 2nd and
3rd day after surgery in both groups with no significant difference
between them (P ¼ 0.091). However, a tendency for treatment
group to have earlier maximum edema was noticed (between 1st
postoperative and 2nd postoperative) compared with placebo group
(between 2nd postoperative and 3rd postoperative) (Table 1).

For facial edema regression, when applying Mann–Whitney test
for comparison between groups, treatment group had better and
higher regression (P< 0.001). Thus, by average of relative values in
percentage, at end of 6th day after surgery treatment group had an
average of �100.05% of facial edema, with an edema regression at
lower values than minimum edema (immediate postoperative). In
placebo group, same analysis time (6th postoperative day), the
average of facial measurements was �37.22%.

Concerning patient’s perception for edema regression, a VAS
was applied and there was no difference between groups about
highest edema day (t test; P ¼ 0.946), and nor in relation to greater
edema perception (P ¼ 1.000).

When comparing patients perception with actual edema using
highest edema day reported by patient and day of highest edema for
facial measurements, for treatment group there was no significant
difference (Mann–Whitney) between perception and real edema
(P ¼ 0.144). However, for placebo group there was a difference
(P ¼ 0.001 by Mann–Whitney test), indicating that patients per-
ceived greater edema on 1st postoperative day, which did not fit
with the greatest edema found by facial measurements (between
2nd and 3rd postoperative days) (Fig. 4).

Another assessed factor was patient perception for pain and
there was no significant difference between groups and for both
there was a decrease over postoperative days. There was no
significant difference between groups regarding greater pain per-
ception (P¼ 0.784) and neither the day greatest pain was perceived
(P ¼ 0.877). When comparing maximum pain perception to maxi-
mum facial edema no significant difference was noticed (P¼ 0.443,
treatment group and P ¼ 0.708, placebo group). Another important
factor demonstrated in this study is that there was no correlation
between edema and pain for both groups (P> 0.005).

Finally, we evaluated edema clinical perception by 2 surgeons
through photographs. The day when the major edema occurred was
not different for any group (P¼ 0.775) and the surgeons pointed it
occurred in 1st day after the surgery as the day greater edema was
Copyright © 2017 Mutaz B. Habal, MD. Unautho

TABLE 1. Mean Change From Edema for 6 Days

Groups Edema Mean Variation, cm

Placebo 2.79

Treatment 3.29

�P¼ 0.05 (there was no significant difference between groups).
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observed in both groups. When compared the clinical perception of
greater edema with the greatest extent of edema, no significant
difference was found for both groups (treatment P ¼ 0.906 and
placebo P ¼ 0.140).

DISCUSSION
Orthognathic surgery is surrounded by great expectations for
esthetic and functional results. One of the main complaints and
anxiety reason after surgery is related to face and neck edema.

Many studies have linked higher surgical time to trans- and
postoperative complications and hospital stay. There are no studies
in literature relating surgical time with the severity of postoperative
edema. Although in literature the average surgical time found is
between 179.00 and 437.50 minutes, in this study surgery time
values were much lower, with an average of 104.66 minutes in
treatment group and 112.40 minutes in control group, showing no
statistically significant difference between them.18–22

In studies that considered the greatest swelling after maxillo-
facial surgery, it occurred between 48 and 72 hours after surgery,
which was also observed in the presented study.23–26 However, a
trend of the group undergoing lymphatic drainage to have earlier
greatest edema than placebo group was observed. By this, MLD
seems to accelerate the edema involution process.

Manual lymphatic drainage has been used in postoperative
period for several face surgeries, particularly after resection of
head and neck tumors. In all studies using MLD, it proved to be
effective for more rapid regression of edema.17,27,28 In patients with
swelling after third molar extraction, MLD proved to be very
effective to reduce facial edema when compared the side that
received MLD with the side that did not. However, in this study,
MLD was applied on 3 consecutive days after surgery and facial
measurements were performed only on 6th postoperative day.29

In another study with cleft lip and palate patients submitted to
alveolar bone graft surgery, MLD performed by a physical therapist
was also considered effective. However, control group was taught
an adapted technique for self-drainage, which also showed good
results comparing measurements made in 2nd postoperative and 4th
postoperative, but not as significant as experimental group.13 In
present study, patients were randomized into 2 groups and only one
went through lymphatic drainage, the other being subjected to a
placebo, both applied by a physical therapist and patients were
evaluated every postoperative day until 6th postoperative day. In
accordance with other studies, we found that MLD is effective for
facial edema measures reduction after surgery, so that at the end of
6th postoperative day, the average edema in the group subjected to
MLD was �100.05% relative to the maximum edema, while in
rized reproduction of this article is prohibited.

FIGURE 4. Change in percentage of measured edema and perception of visual
analog scale edema. The letters represent significant difference in treatment
group. The numbers significant difference in placebo group. ‘‘�’’ represents a
statistically significant difference between treatment and placebo groups.
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placebo group this average percentage was �37.22%. Thus, in the
group submitted to MLD, at the end of 6th postoperative day, edema
was not only less than the maximum value, but also less than the
minimum (immediate postoperative), indicating that there was total
edema resolution. In placebo group, in 6th postoperative, edema
was also lower than minimum, but lower than average percentage of
treatment group.

In studies using facial measurements as an evaluation method
for facial edema, measurements taken after surgery were compared
with preoperative measures.13,17,27–29 In this study, facial measure-
ments performed on postoperative days were not compared with
preoperative measures because orthognathic surgery provides
change in face dimensions. Thus, if used postoperative measures
in relation to the preoperative, these would show not only the edema
but also changes resulting from bone repositioning. Facial measure-
ments were performed immediately after surgery, considering the
minimal edema developed and measures of days after surgery were
compared to this.

van der Vlis et al noticed in their study with patients after
orthognathic surgery, overweight patients tended to develop greater
swelling than others and that edema resolution in these patients is
faster. However, patients undergoing orthognathic surgery are more
likely to lose weight, especially individuals with body mass index
(BMI) above ideal.30 In present study, weight loss was not con-
sidered, as well as assessments have been performed in short term—
so there was not significant weight loss—patients remained
throughout the length of stay under care of hospital food staff,
which provided high calorie diet to prevent patients weight loss.
Thus, patient’s BMI in any of evaluated periods was not considered,
which represents a variable to be considered in future studies.

Reduction of postoperative orthognathic surgery edema is sig-
nificant in the 1st month after surgery and in the 3rd month, the
facial morphology of individual is recovered in 90%.31 After
3 months postoperatively, 20% of edema arising from the surgery
was perceived, and its full resolution was observed after 1 year.30 In
present study, reduction of swelling was complete when compared
with the maximum swelling value of the measures in 6th post-
operative in both groups. However, in the group submitted to MLD
the edema reduction was higher than placebo group, both presenting
measures below the minimum edema immediate postoperative
corroborating to studies in literature regarding edema behavior.
However, other studies used volumetric evaluation, considering
edema both external and internal to oral cavity, which was not
observed in this study because linear facial measurements were
used, obtaining data only from external edema.

Regarding pain, this study found no difference in perception
between groups. However, no high values for pain perception were
found. In other studies, MLD was effective for pain relief after third
molar surgical extraction and alveolar bone graft surgery.13,29

In patients with lymphedema in palliative care unit, MLD not
only was able to improve edema but it also helped to reduce pain
perception.32 Manual lymphatic drainage can be used to reduce pain
in patients with fibromyalgia, as a tactile stimulus that trigger nerve
impulses that arrive in spinal cord blocking pain perception accord-
ing to gate control theory of pain.33 Thus, patients in this study may
not have presented significant difference between groups because
placebo’s patients received a placebo which also consisted of tactile
stimulation but in a very soft way so to ensure no interference in
lymphatic circulation.

Postoperative pain reaches maximum in the first 24 hours
immediate surgery.25,26 This fact corroborates the results found
in this research.

Some studies relate pain to swelling and, thus, edema as one of
pain and trismus causative factors after surgery because of com-
pression of nociceptors by edema plasma proteins.34 In this study,
Copyright © 2017 Mutaz B. Habal, MD. Unautho
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no correlation was found between edema and pain, as well as Deng
et al4 study, differing from Szolnoky et al study, suggested that
edema reduction was accompanied by reduction in pain percep-
tion.29 In present study, this may have occurred due to participants
have presented moderate edema, considering maximum swelling
with average linear measures of 2.79 cm in placebo group and
3.29 cm in treatment group and also because orthognathic surgery
causes temporary paresthesia of jaw and mandibular branches of
trigeminal nerve. Another factor is that swelling causes discomfort
and difference in pain and discomfort perception for patients is
often unclear and many consider pain as the feeling of skin tension
caused by swelling.17,35 More studies confirming this behavior and/
or relationship in more severe edemas are needed.

Edema is a factor that causes a lot of anxiety in patients, mainly
for distortion of body image.4 Concerning the day perception for
greater edema, there was no difference between groups; however,
when compared the day maximum edema was perceived to facial
measurements and the day this actually happened, the placebo
group perception differed from actual edema by facial measure-
ments. This group of patients perceived highest edema value at 1st
postoperative, while greater actual edema occurred between 2nd
postoperative and 3rd postoperative. This may be due to distortion
of patients’ body image, the fact that edema is diffuse and also
placebo effect in placebo group.

Regarding photographs assessment, there are no studies that
have performed this kind of assessment. Nevertheless, a 2014
article used to follow 3D photographs regression of edema, but
using only the obtained volumetric measurements and not the
perception of evaluators.30 In the present study, evaluation through
photographs was a clinical parameter of 2 judges for clinical
perception of edema as well as its evolution. There was no
statistically significant difference between groups.

CONCLUSION
Objective measures showed that MLD is effective in edema
regression to anticipate maximum swelling and accelerate edema
regression. The perception of edema by patient and professional is
not consistent with clinical measures. Regarding the pain, it was
found that this is not related to the amount of developed swelling. In
addition, surgical time seems to be a nondetermining factor for
edema.
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