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Abstract

Orthognathic surgery, a surgical intervention to correct dentofacial deformities, imposes oral intake limitations
on patients for a duration up to 8 weeks, leading to weight loss and decreased muscle mass. Reduced muscle mass
impairs the body’s ability to acquire essential amino acids and cytokines, affecting its defence mechanisms against
infection. We aimed to study the impact of orthognathic surgery on muscle mass. A study was conducted to examine
changes in weight, body mass index (BMI), and muscle mass in patients following orthognathic surgery. Twenty-nine
patients were included in the study. The patients’ height, weight, BMI, and muscle mass were measured pre-operatively
and 2 and 4 weeks post-operatively. Patients experienced an average weight loss of 3.5 kg at 2 weeks post-operation
with only a marginal gain of 0.1 kg, resulting in a weight loss of 3.4 kg by the 4-week mark. The BMI decreased by an
average of 1.3 at 2 weeks and remained unchanged at 4 weeks. Analysis of muscle mass revealed a drop of 2.0 ke
at 2 weeks post-operation with subsequent marginal gain of 0.1 kg, leading to a total loss of 1.9 kg at the 4-week
mark, accounting for 57.1 % and 55.9 % of the total weight loss. The site of the surgery, specifically the oral cavity,
has a significant impact on the patients’ nutritional intake and wound healing processes. Surgical interventions
can lead to protein catabolism and muscle mass loss. The findings highlight the need for further research and the
development of a specific nutritional therapy protocol to minimise postoperative complications and help patients

maintain a balanced diet while dealing with a metabolic load.
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Introduction

Orthognathic surgery has gained popularity in outcomes, including impaired respiration, speech, chewing,
recent years due to its ability to restore balanced anatomical temporomandibular joint disorders, and psychosocial
and functional relationships and enhance the aesthetic distress, leading to the need for orthognathic surgery.”
facial appearance in patients with dentofacial deformity." It has been documented that significant weight loss can
Dentofacial deformities can result in a range of negative occur as a prominent side effect following orthognathic
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surgery.”® Patients undergoing orthognathic surgery
experience a 3.9 % decrease in body weight at two weeks
post-operatively and a further 8.3 % decrease at four
weeks post-operatively.”

The surgical intervention triggers hormonal responses
that impact the body’s metabolism, leading to the loss
of muscle mass through muscle protein catabolism. This
is caused by the activation of the sympathetic nervous
system, which releases hormones that trigger the degradation
of glycogen, fat, and protein storages and affect muscle
tissue.*” Muscle is broken down via proteolysis. This type
of breakdown occurs when energy demands are high,
such as stress response after surgery.® The surgical stress
response results in negative nitrogen balance and accelerated
muscle wasting, causing a decrease in muscle mass and
function. This is due to the prioritisation of the production
of positive acute phase for immune response and tissue
repair over muscle protein by the liver and the negative
impact of cytokines on muscle tissue, including promoting
degeneration, inhibiting tissue synthesis and repair, and
inducing apoptosis.”’

Moreover, oral intake is reduced in patients
undergoing orthognathic surgery. Since the patients are
prescribed a clear or full liquid diet postoperatively to
minimise chewing activity to promote bone healing,
therefore patients are unable to take a regular diet for
6 or 8 weeks. If maxillomandibular fixation (MMF) is
applied after surgery, which is widely used to stabilize
and promote the healing of osteotomized bones, then
patients are required to take liquid diet until the MMF is
removed.> Therefore, patients undergoing orthognathic
surgery are subject not only to the hormonal and cytokine
response resulting from the surgical intervention, but also
to arestriction in oral nutrition intake, and these potentially
exacerbate the extent of muscle mass loss.

To address the limited literature on postoperative
muscle mass loss in orthognathic surgery patients, we carried
out a study at the Department of Oral and Maxillofacial
Surgery, Faculty of Dentistry, Chulalongkorn University in
Bangkok, Thailand. We aimed to provide valuable insights

into the impact of orthognathic surgery on muscle mass.

Materials and Methods

Twenty-nine patients with dentofacial deformity
who were scheduled for either a bilateral sagittal split
osteotomy or a Le Fort 1 osteotomy or both, with or without
genioplasty, at the Department of Oral and Maxillofacial
Surgery, Faculty of Dentistry, Chulalongkorn University, from
May to November 2022, were prospectively recruited to the
study. Certain inclusion and exclusion criteria were established
to ensure the homogeneity and representativeness of
the study population. Patients under the age of 18, those
with pre-existing medical conditions, and those undergoing
segmental or genioplasty procedures only were excluded
from the study. Internal miniplate fixation and MMF were
applied to all patients. Postoperative care was given by
the attending surgical and anaesthetic staff as clinically
indicated. MMF was applied for two weeks following
surgery. In such a manner, all patients were required to
consume a full liquid diet for 4 weeks. Hospitalized
patients were given a clear liquid diet on the first post-
operative day, followed by a full liquid diet until their
discharge. After the 4-week period, a soft diet was started
and progressed to regular diet after the 6-week period.

Prior to surgery, as well as 2 and 4 weeks post-
operatively, the patient underwent assessments for height,
weight, BMI, and muscle mass. The height measurement
was conducted using a standardised measuring device
that was applied consistently across all patients. Weight
and muscle mass were assessed utilising the Bio Tanita
MC-580 dual frequency segmental body composition
analyser (Tanita Inc., Tokyo, Japan), which was validated
for the assessment of body composition."!

Each participant was fully informed about the
purpose of the study and provided written informed consent
for the use of their clinical data. The collected datawere
subjected to statistical analysis using the Mann-Whitney
U test with SPSS 22.0 software (SPSS Inc., Illinois, United
States of America).

The study received approval from the Human
Research Ethics Committee of the Faculty of Dentistry at
Chulalongkorn University in Bangkok, Thailand. The assigned
ethical code for the project is HREC-DCU 2022 - 008.
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The study enrolled a total of 29 patients (Table 1).
In the 2-week post-operative period, a significant decrease
was observed in body weight, BMI, and muscle mass (Fig. 1)
(Table 2-3), accounting for 57.1% of the total weight loss.
Similarly, in the 4-week post-operative period, there was
a significant reduction in body weight, BMI, and muscle
mass (Fig. 1) (Table 2-3), contributing to 55.9 % of the

total weight loss. Ninety-three percent of the patients
experienced a loss of muscle mass, with two patients showing
an increase in muscle mass (Table 2).

No statistically significant difference was observed
between male and female patients in terms of weight loss,

decrease in BMI, and reduction in muscle mass (Table 4).

Table 1 Clinical background of patients underwent orthognathic surgery

Characteristics

Patients (n=29)

Male/female

Single-jaw surgery/ double-jaw surgery/double-jaw surgery with genioplasty

Age
Preoperative body weight (kg)
Preoperative BMI (kg/m?)

Preoperative muscle mass (kg)

13/16
11/15/3
27 (20 to 48)
59.0 (41.2 t0 99.7)
21.8(15.9 to 29.1)
41.3 (31.2 to 66.2)

Data are number or mean (range)
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Figure 1 The body weight and muscle mass of patients at preoperative period, 2-week post-operative period, and 4-week post-

operative period

Table 2 The changes in body weight, BMI, and muscle mass in all 29 patients at 2-week post-operative period and 4-week post-

operative period compared with the preoperative period

Weight Weight BMI BMI Muscle mass  Muscle mass
Operation change at  change at change at change at change at change at
T1 (kg) T2 (kg) T1 (kg/m®) T2 (kg/m?) T1 (kg) T2 (kg)
Single jaw -4.5 -2.5 -1.4 -0.8 -1.8 -2.7
Single jaw -3.0 -3.0 -1.3 -1.3 -1.2 -1.7
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Table 2 The changes in body weight, BMI, and muscle mass in all 29 patients at 2-week post-operative period and 4-week post-

operative period compared with the preoperative period (cont.)

Weight Weight BMI BMI Muscle mass  Muscle mass
Operation change at  change at change at change at change at change at

T1 (kg) T2 (kg) T1 (kg/m*) T2 (kg/m?) T1 (kg) T2 (kg)
Single jaw 5.3 5.8 -1.8 2.0 3.0 3.6
Single jaw 3.9 4.4 1.2 -1.4 0.4 0.5
Single jaw -3.8 -4.6 -1.4 -1.7 -2.0 -2.0
Single jaw -2.2 0.3 -0.9 0.1 -1.4 0.7
Single jaw -3.7 33 -1.5 -1.3 -1.5 -0.9
Single jaw -33 -3.7 -1.3 -1.5 -1.1 -0.9
Single jaw -5.2 -4.7 -1.8 -1.6 -2.4 -2.1
Single jaw -3.5 -2.5 -1.3 -0.9 -1.2 -1.0
Single jaw -2.1 -1.7 -0.8 -0.7 -1.4 -0.8
Double jaw -2.0 -3.0 -0.8 -1.2 -1.8 -2.9
Double jaw -39 -4.6 -1.4 -1.7 -2.6 -2.1
Double jaw -4.3 -4.3 -1.6 -1.6 -2.7 -2.0
Double jaw -1.2 -2.3 -0.5 -1.0 -0.2 -0.1
Double jaw -1.3 -0.8 -0.4 -0.3 -0.1 0.6
Double jaw -9.6 -8.6 -2.8 -2.5 -6.4 -6.2
Double jaw -2.6 -2.4 -0.9 -0.9 -1.8 -1.3
Double jaw -2.6 -2.5 -1.0 -0.9 -1.6 -2.3
Double jaw -4.3 -5.4 -1.5 -1.9 -2.9 -2.3
Double jaw -3.2 -3.5 -1.2 -1.3 -3.4 -3.6
Double jaw -1.7 -1.9 -0.7 -0.8 -1.3 -1.5
Double jaw -2.5 -2.8 -1.5 -0.9 -1.4 -1.7
Double jaw -3.7 -35 -1.3 -1.3 -1.6 -1.7
Double jaw -5.9 -2.1 -1.9 -0.7 -3.5 -2.2
Double jaw -4.9 -3.0 -1.8 -2.1 -4.4 -3.1
Double jaw + genioplasty -2.3 -6.8 -0.9 -2.6 -0.6 -2.8
Double jaw + genioplasty -1.6 -1.5 -1.6 -1.5 -2.8 -2.9
Double jaw + genioplasty -2.0 -3.9 -0.8 -1.6 -1.0 -2.6
Average (S.D.) -3.5(1.7) -3.4(1.8) -1.3(0.5) -1.3(0.7) -2.0 (1.3) -1.9(1.49)
N=29
P value <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

T1 at 2-week post-operative period, T2 at 4-week post-operative period

Table 3 The percentage of average changes in body weight, BMI, and muscle mass in all 29 patients at 2-week post-operative period

and 4-week post-operative period compared with the preoperative period

Weight change Weight change BMI change BMI change Muscle mass Muscle mass
atT1 at T2 atT1 at T2 change at T1 change at T2
-5.93 % -5.76 % -5.96 % -5.96 % -4.84 % -4.60 %

T1 at 2-week post-operative period, T2 at 4-week post-operative period
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Table 4 The average changes in body weight, BMI, and muscle mass between male and female patients

Male (n=13) Female (n=16) P-value
Weight change at T1 (kg) 9.2 -3.1(1.1) 0.46
Weight change at T2 (kg) 6(2.1) -3.3(1.5) 0.91
BMI change at T1 (kg/m?) 4(0.6) -1.2(0.4) 0.24
BMI change at T2 (kg/m?) 4(0.7) -1.3(0.5) 1.00
Muscle mass change at T1 (kg) -2.3(1.8) -1.7(0.8) 0.42
Muscle mass change at T2 (kg) -2.4.(1.6) -1.6 (1.0) 0.07

Data are mean (S.D.)

T1 at 2-week post-operative period, T2 at 4-week post-operative period

Discussion

The study aimed to analyse weight, BMI, and muscle
mass changes in patients after orthognathic surgery. Twenty-
nine patients underwent the procedure, and their weight,
BMI, and muscle mass were measured 2 weeks and 4
weeks after the surgery. The results showed that the
patients had an average weight loss of 3.5 kg at 2-week
post-operative period with only a marginal gain of 0.1 kg,
resulting in a weight loss of 3.4 kg by the 4-week mark.
The average decrease in BMI was 1.3 in the first two weeks,
but remained unchanged in the fourth week. Additionally,
the muscle mass of the patients declined by an average
of 2.0 kg at 2-week post-operative period with subsequently
marginal gain of 0.1 kg, leading to a total loss of 1.9 kg
at the 4-week mark, accounting for 57.1 % and 55.9 % of
the total weight loss, respectively (Table 2).

The surgery site is a major factor that can impact
nutrition intake. Diseases and surgeries in the oral and
maxillofacial regions can disrupt food intake. Patients
undergoing orthognathic surgery may be limited to a liquid
diet for up to 8 weeks. If MMF is applied, patients may be
limited to a liquid diet until MMF is removed, further
reducing caloric intake, and exacerbating the issue.””
Patients undergoing orthognathic surgery in our department
were applied with MMF for a period of 2 weeks, restricting
them to liquid diets. Our post-op diet protocol progressed
from clear liquid, full liquid, soft, and regular diets over
6 weeks. Itis important to note that the lack of improvement
in weight, BMI, and muscle mass at the 4-week post-operative

mark compared to the 2-week post-operative period in

this study can be reasonably attributed to the patients’
continued adherence to a liquid diet during this recovery
phase. Relying solely on a liquid diet during this time
falls short in providing the necessary support for effective
muscle recovery and growth. Furthermore, the surgical
intervention can activate the sympathetic nervous system
and cause alterations in metabolism through the secretion of
hormones and cytokines. This results in the glycogenolysis,
fatty acid oxidation and proteolysis, releasing glucose,
free fatty acids, and amino acids into the circulation
contributing to a decrease in muscle mass.""** Additionally,
the secretion of cortisol also directly promotes the catabolism
of muscle tissue, resulting in the proteolysis and release of
amino acids for tissue repair and synthesis, further contributing
to the reduction in muscle mass."

Two patients demonstrated an increase in muscle
mass at 4 weeks post-op (Table 2). This increase is likely
due to their consistent participation in resistance training
exercises, which they resumed 2 weeks after surgery, as
supported by scientific literature that recognises resistance
training as an effective way to promote muscle protein
synthesis.”” These findings highlight the significance of
resistance training in maintaining or increasing muscle
mass in those who undergo surgery. The results emphasise
the need for resistance training to be incorporated as a key
component in postoperative rehabilitation.

There was no statistically significant difference
in weight loss, decrease in BMI, and muscle mass loss

between male and female patients (Table 4). The results
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align with recent researches that disprove the idea of
disparities in muscle protein metabolism between men
and women."*** Testosterone plays a crucial role in regulating
muscle protein metabolism. It stimulates muscle protein
synthesis and has anabolic effects. This, in turn, enhances the
production of new muscle and reduces muscle breakdown,
resultingin an overallincrease in muscle mass. The differences
in testosterone levels between men and women, with
men typically having higher levels,'® have resulted in the
common assumption that men possess a clear advantage
in muscle protein synthesis compared to women. However,
recent studies have discovered that female hormones
play important roles in muscle building and maintenance.
Progesterone has been shown to stimulate muscle protein
synthesis. Additionally, estrogen has been shown to have a
dual effect on muscle tissue, both promoting muscle protein
synthesis and inhibiting muscle protein breakdown.'"™®
Itis acknowledged that hormones represent only one aspect
of the determinants of muscle mass. Other factors include
physical activity, diet, and genetics." Despite the hormonal
differences, both genders can benefit from a balanced
diet and regular exercise programmes to promote muscle
growth and maintenance.

A change in muscle mass in orthognathic surgery
patients has not been extensively researched. The most
recent study conducted by Worrall in 1994 found that after
6 weeks, patients treated with MMF lost 0.9 kg of body
mass, while patients treated with miniplate only lost 0.3 kg.
This indicates that the use of MMF may have a greater
impact on muscle mass compared to miniplate fixation in
patients who underwent orthognathic surgery or treatment
of jaw fractures.” A more recent study investigated acute
muscle loss resulting from surgery in patients who underwent
gastrectomy. The study found 31.82 % of patients, experienced
a loss of over 10 % of their muscle mass within one week
after the surgery. This muscle loss was linked to decreased
quality of life, as well as an increased frequency of post-
operative complications, longer hospital stays, and higher
medical expenses.” In comparison to this study, the loss

of muscle mass in patients who underwent orthognathic

surgery may appear to be relatively lower, but it is crucial
to recognise that such a loss could lead to negative con-
sequences. However, it is crucial to acknowledge the
potential adverse effects of such a loss. The literature
suggests that decreased muscle mass can impair the
wound healing process and reduce the efficacy of the
immune system both of which elevate the probability of
postoperative complications.*"'* Thus, the loss of muscle
mass should be taken into consideration and monitored
carefully to minimise the potential negative impacts. In
our center, a study was conducted over the course of ten
years from 2009 to 2018 to examine the occurrence
of adverse events and complications associated with
orthognathic surgery. The analysis included 891 patients.
Although 85 % of the patients received post-operative
intravenous antibiotics, followed by oral medications after
discharge, 4.9 % of them still encountered post-oper-
ative infections.”

Despite advancements in surgical techniques,
including the use of miniplates for bone stabilization and
shortened or eliminated MMF periods, the incidence of
postoperative weight loss has remained comparable to
that observed in previous decades.”**** These findings
highlight the persistent of this issue and the need for
determining potential solutions. Orthognathic surgery is
mainly dependent on successful bone healing, and adequate
protein intake plays a crucial role in this process. Protein
is essential for the synthesis of new tissues, activation of
cells involved in the healing process, and regulation of
the balance between bone resorption and formation.
Adequate protein intake can aid in supporting the healing
process and minimising the risk of complications."***
Reduced nutrient intake affects glucose utilisation in
tissues. When food intake is low, the body initially utilises
glucose from glycogenolysis in the liver, but if this persists
for more than 48 hours, the body begins to break down
muscle for glucose production through gluconeogenesis.
This degradation of proteins for energy can have negative
impacts on overall health and body functions.”** To ensure

successful healing and optimal outcomes, it is critical for
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orthognathic surgery patients to maintain a balanced
diet that includes sufficient amounts of protein.

The metabolic response plays a critical role in
facilitating postoperative recovery and restoring physio-
logical homeostasis. It involves adequate nutritional support
and the interaction of various cellular and molecular
mediators. Surgical outcomes are not solely determined
by surgical techniques, but also by the patient’s metabolic
support and nutritional intervention. Effective nutrition
therapy aims to provide enough nutrients to meet the
metabolic demands of the healing process, thereby
contributing to optimal restoration of the patient.””
Inadequate nutrition can impair immunity and anabolism,
negatively impacting wound healing, leading to post-
operative complications, and decreased muscle mass.
These findings highlight the significance of nutrition in
postoperative outcomes.”**

The management of postoperative muscle loss
typically involves nutrition therapy as the initial approach.
Adequate nutrition can significantly impact the nutritional
status of patients and is crucial to improving the functional
recovery, nutritional status, and quality of life of patients
during the postoperative period.””* Despite its potential
impact, nutrition therapy has received limited attention in
the field of orthognathic surgery. In 1984, Olejko and Fonseca
found that preoperative nutritional supplementation
for the purpose of inducing weight gain prior to surgery
had no significant benefit for healthy orthognathic surgical
patients. On the other hand, postoperative supplementation
with commercially available dietary supplements has been
shown to aid orthognathic surgical patients in maintaining
their body weight.”* A recent study was conducted on
orthognathic surgery patients. The results showed that
on average, the patients lost 4.96 ke, had a reduction of
3.07 % in body fat, and a decrease of 1.63 in their BMI at
4 weeks following the surgery, despite the fact that all
patients were provided with dietary advice and commercially
available liquid oral nutritional supplements by a dietician
after the surgery.’ The possible explanation for this could

be the fact that the characteristics of oral nutritional

supplements, such as taste, texture, and odour, can sig-
nificantly impact the compliance of patients. To increase
the likelihood of successful supplementation, it is important
to consider variations in flavour and consistency. In this
regard, results have shown that chocolate milk-based
supplements tend to be less well received compared to
those with vanilla, coffee, or strawberry flavour. Similarly,
among fruit juice-based supplements, tomato flavour was
observed to be more favourably received than orange
or apple flavour.” It is noted that some patients may opt
not to consume the prescribed oral nutritional supplements
due to concerns over their appearance.™ This misguided
belief that they are losing weight without realising that
it is primarily muscle mass that is being lost highlights
the importance of providing comprehensive nutritional
counselling as part of the nutritional therapy protocol.

The study’s generalizability may be compromised
due to its small sample size. However, the participants’
relatively homogeneous clinical characteristics could help
alleviate some of this limitation. Another factor contributing
to potential bias is the single-centre study design, which
could be influenced by the specific practices, protocols,
and patient populations of our department. To enhance
the reliability of the results, future researches should aim
to conduct larger-scale, international multicentre studies

with diverse settings.

Conclusion

The study’s results indicate that patients who
underwent orthognathic surgery experienced a reduction
in weight, body mass index, and especially muscle loss in
the immediate postoperative period, with no significant
gender-based differences.

The success of orthognathic surgery is contingent
upon both surgical expertise and nutritional support. The
findings from this study emphasise the importance of
investigating the alterations in weight and body
composition, especially muscle, following orthognathic
surgery. It is recommended to develop a specific nutrition

therapy protocol for patients undergoing orthognathic

Prachasartta et al., 2023 275

[1Ie

ssaxd ur 2



article in press

surgery. This plan should aim to prevent loss of muscle
mass, enhance wound healing, and reduce the likelihood
of postoperative complications. Implementation of such
a protocol would contribute to optimising patient outcomes

and recovery following orthognathic surgery.
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