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ABSTRACT

Objectives: This randomized controlled trial aimed to assess whether structured dietary interventions, implemented both
before and after orthognathic surgery, could minimize postoperative weight loss during the first eight weeks.

Material and Methods: The study was conducted between April 2017 and April 2022, involving patients undergoing single-
or bimaxillary surgery. Participants were randomly allocated into three groups: intervention 1 (nutritional tube feeding),
intervention 2 (oral intake nutritional supplements), and control (standard care). Body composition was assessed using a body
composition analyser (Tanita BC-418) at five time points: presurgery examination, admission, and follow-ups weeks 1, 3, and
8. Primary outcome was weight; secondary - BMI, fat mass, fat-free mass, total body water, and visceral fat rating. Compliance
was assessed from patient questionnaires and hospitalization records based on adherence to the prescribed nutritional intake
before and after surgery.

Results: In total 150 patients were included, without statistically significant differences in age (28.6 [SD 10.4] years, P=0.7)
and BMI (24.9 [SD 5.6], P=0.72). All groups experienced significant weight loss postoperatively (week 1: P <0.001; week 3:
P <0.001; week 8: P <0.001), with control showing slightly greater loss at week 8 (-3.03 kg vs. -2.18 and -2.67 kg; P=0.11).
Compliance during hospitalization was higher in intervention 1 (71.8%) than intervention 2 (55.1%; P = 0.02). No significant
differences were found in body mass index or body composition changes.

Conclusions: There was no statistically significant effect of systematic dietary interventions versus standard care on
postoperative weight loss or body composition after orthognathic surgery. Higher adherence did not improve clinical outcomes.
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INTRODUCTION

Orthognathic surgery is performed to correct
dentofacial deformities that cannot be addressed
through orthodontic treatment alone, particularly
in early adulthood when natural growth has ceased.
Patients with dentofacial deformities often suffer from
various functional impairments, including diminished
bite force, abnormal chewing patterns, restricted
mandibular movement, and temporomandibular
disorders [1-4].

Postoperative weight loss following orthognathic
surgery is a well-recognized challenge in clinical
practice, despite various efforts to optimize nutrition.
Weight loss of 3 to 10 kg has previously been reported
following orthognathic surgery [5]. A weight loss
of approximately 3 kg may not be alarming in these
patients, as they are often young and otherwise
healthy, and such modest reductions are generally well
tolerated. However, literature reports indicate that
weight loss following orthognathic surgery can reach
up to 10 kg in some cases, which may negatively
impact postoperative recovery by exacerbating
fatigue, delaying wound healing, and potentially
affecting metabolic and immune function [5-8].
Careful monitoring and tailored nutritional support
are, therefore, essential to mitigate these risks and
promote optimal recovery.

Following orthognathic surgery, patients are generally
advised to avoid chewing hard or crunchy foods
for approximately 6 to 8 weeks. During the initial
postoperative period, a liquid diet is recommended,
followed by a gradual transition to a soft or puréed
diet as healing progresses [9]. Elastics are often
used postoperatively to guide the occlusion, but
these can further increase the risk of nutritional
deficiencies, dehydration, and weight loss [10]. These
postoperative functional limitations, combined with
imposed dietary restrictions, contribute to weight loss
as a complication to orthognathic surgery [7,11]
Additionally, patients undergoing orthognathic
surgery encounter metabolic and endocrine changes
similar to those observed in states of starvation [12].
If nutritional requirements are not met within 48
hours postsurgery, catabolism can occur, negatively
affecting postoperative recovery [5]. The recovery
period after orthognathic surgery, which can last
up to six months, is often marked by challenges
such as difficulty eating and breathing, numbness,
swelling, hematoma, limited mouth opening, and
nausea [13]. Maximal swelling occurs within 48 to 72
hours postoperatively, and postoperative nausea and
vomiting are reported in 40% to 60% of patients, often
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due to the ingestion of blood during surgery [8,13-15].
While research indicates that orthognathic patients
generally feel well-informed about their surgery and
postoperative care, many are surprised by the severity
of their symptoms and the duration of recovery [8].
Various nutritional interventions and supplements,
such as protein-enhanced drinks, have been explored
to prevent postoperative weight loss. However, poor
compliance with dietary supplementation remains
a concern, often due to the texture or taste of the
products [5,16], Few studies focus on the use of
nasogastric feeding tubes in orthognathic patients,
particularly those with maxillary fixation [16].

To address gaps in the literature, further research
is needed to identify dietary interventions that can
prevent excessive weight loss and improve recovery
with fewer side effects. It is also important to
determine whether patients are losing fat mass, fat free
mass, or body water, and to explore the relationship
between weight loss, overall well-being, and recovery.
The aim of this randomized controlled trial (RCT) is
to determine whether systematic dietary interventions,
administered pre- and postoperatively, can minimize
weight loss in the first eight weeks after orthognathic
surgery.

MATERIAL AND METHODS
Ethics

The study complies with the General Data Protection
Regulation and was registered in the North Denmark
Region’s record of processing activities (2008-58-
0028). The trial was approved by the North Denmark
Region Committee on Health Research Ethics (N-
20160067). Informed written consent was obtained in
accordance with current legislation.

Patients received oral information at the presurgery
examination. They were given a one-month
consideration period, starting from the time they
received the written information until the day they
received the oral information during the presurgery
examination.

Patients were free to withdraw at any time without
any consequence to their care or treatment.

Study design

The study was designed as a RCT and was conducted
at Aalborg University Hospital in Denmark between
April 18, 2017 and April 11, 2022. The study adhered
to the CONSORT guidelines for RCTs [17]. The study
has been registered as a clinical trial at Clinicaltrials.
gov (No. 2016-130).
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Study population

Between April 18, 2017 and April 11, 2022, adult
patients (> 18 years) with dentofacial deformities
scheduled to wundergo single- or bimaxillary
orthognathic surgery, including Le Fort I osteotomy
and/or Dbilateral sagittal split osteotomy, were
assessed for eligibility. Patients with syndromic
conditions or cleft lip and palate were eligible for
inclusion if they otherwise met the study criteria,
although none of these patients were treated at this
hospital or enrolled in this study. Inclusion criteria
were age > 18 years, planned orthognathic surgery,
the ability to provide written informed consent,
and willingness to comply with the study protocol.
Exclusion criteria were age < 18 years or inability
to provide written informed consent or comply with
the study procedures. Participation was voluntary,
and eligible patients who declined participation
were not enrolled. All enrolled patients provided
written informed consent prior to randomization
to intervention 1, intervention 2, or the control

group.
Standard protocol for orthognathic surgery patients

All orthognathic surgery patients attend a presurgery
examination with the surgeon approximately 14
days before surgery. On the day before surgery, they
complete an admission interview with a nurse and
receive informed about pre-, peri- and postoperative
precautions, including dietary guidelines. The
standard protocol for their dietary guidelines is
outlined in Table 1 under the control group. Patients
are typically hospitalized for 1 to 2 days. Follow-up
appointments with the surgeon take place at 1, 3 and 8
weeks after surgery.

Table 1. Overview over interventions and control groups

Intervention

» Intervention 1: patients received 1200 mL of
enteral tube feeding via a nasogastric tube
from immediately after surgery until midday
on postoperative day 1. The nasogastric tube
was removed before hospital discharge on
postoperative day 1, after completion of the
prescribed tube feeding regimen. Patients
subsequently continued a cold liquid diet
orally.

» Intervention 2: patients self-administered five
125 mL oral protein drinks from immediately
after surgery until midday on postoperative day 1.
After completion of the prescribed protein drink
regimen, patients continued a cold liquid diet
orally until hospital discharge on postoperative
day 1.

A detailed overview of the intervention protocol is

provided in Table 1.

Sample size calculations and randomization

In a previous prospective cohort study [18], conducted
at the Aalborg University Hospital, between February
1, 2015 to April 30, 2016, the standard deviation of
weight loss after 8 weeks of treatment was 2.79 kg.
We used this estimate to inform the sample size
calculation for the present RCT. Based on a two-sided
significance level of 5% and a statistical power
of 80%, the required sample size for detecting
a difference between two independent means
(unpaired t-test) was 45 participants per group.
To accommodate potential dropouts, we increased
the target to 50 participants in each group. Staff,
trial managers, and patients were blinded to the
randomization.

Intervention 1

Intervention 2 Control group

Presurgery examination

Dietary screening and
guidance 14 days before

Dietary screening and
guidance 14 days before

Dietary guidance
1 day before

Day before surgery

Night meal (200 calories).
125 ml protein drink

Fast 6 hours
before surgery

Night meal (200 calories).
125 ml protein drink

2 hours before surgery

400 ml of maltodextrin

400 ml of maltodextrin 2 glasses of

watery liquids
After surgery 1200 ml of tube feeding. | 5 x 125 ml protein drinks. Lo
(first 24 hours during hospitalization) Cold liquid diet Cold liquid diet Cold liquid diet
Day 1 1 protein drink (125 ml). 1 protein drink (125 ml). Soft diet
(after discharge) Soft diet Soft diet

3 x 125 ml protein drinks. | 3 x 125 ml protein drinks. .

Day2 to 10 Soft dict Soft diet Soft diet
Day 11 to week 8 Soft diet Soft diet Soft diet
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Measurement outcomes

In this study, weight was the primary measure
of interest, assessed using the segmental body
composition analyser (Tanita BC-418 Tanita
Co.; Tokyo, Japan). In addition, secondary body
composition metrics including body mass index
(BMI), basal metabolic rate (BMR), body fat
percentage, fat mass (kg), fat-free mass, total body
water, and visceral fat rating were collected.
Measurements were taken during scheduled hospital
appointments; the presurgery examination, admission
interview, and follow-up visits at week 1, 3, and 8.
The assessments were performed by nurses who were
specially trained in the use of the device.

Patients received written instructions explaining how
the body composition analysis would be conducted,
including any necessary preparations and how the
results would be shared.

In addition to the body composition analysis, patient
height, age, and gender were recorded.

Compliance

Data from questionnaires and hospitalization
records were collected to evaluate adherence to the
nutritional protocol. Postoperative adherence was
measured based on the percentage of prescribed
food and supplement intake before and after
surgery. Preoperative adherence was calculated as
the mean binary response from the survey. During
hospitalization, intake was expressed as the average
consumption of protein drink (Nutridrink® Compact

Protein [300 kcal/125 mL] - Nutricia A/S; Allered,
Denmark) and preoperative drink (Maltodextrin [200
kcal/400 mL] - Central Kitchen, Aalborg University
Hospital) relative to prescribed amounts. For
discharge day (day 1) and days 2 to 10, adherence
was determined by averaging daily survey responses
(0% for “no,” 50% for “partly,” 100% for “always”)
and then calculating the overall mean of these daily
averages.

Statistical analysis

The statistical analyses were performed using STATA
version 19 (StataCorp LP; College Station, Texas,
USA). Baseline continuous data were expressed as
mean and standard deviations (M [SD]), whereas
categorical variables were summarized as frequencies
and percentages. Chi-square test was used to compare
categorical data, and the one-way ANOVA test
was used to compare continuous data. Compliance
comparisons were made using chi-square tests and
Mann-Whitney tests. Changes from baseline were
analysed using mixed-effects regression models with
a random intercept for each participant to account
for within-subject correlation over time. Statistical
significance was defined as P < 0.05 and all tests were
two sided.

RESULTS

One hundred and fifty of 289 invited patients were
enrolled in this randomized controlled trial (Figure 1).

Enrolment

Assessed for eligibility (n = 289)

A

Declined to participate (n = 139)

v

Randomised (n = 150)

Allocation

[ )

A 4

A

4

Allocation

[ )

A 4

Allocated to control (n = 50)

Allocated to intervent
- Tube feeding and protein drink

ion group 1 (n = 50):

Allocated to intervention group 2 (n = 50):
- Protein drink

v [ Follow-Up ] v [ Follow-Up ] v
Discontinued control (n = 0) Discontinued intervention (n = 0) Discontinued intervention (n = 0)
Analysi ] [ Analysis ]
v [ pewes v L v

Analysed for primary outcome (n = 50)

Analysed for primary outcome (n = 50)

Analysed for primary outcome (n = 50)

Figure 1. CONSORT flow diagram.
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One hundred and thirty-nine patients declined
participation, primarily due to unwillingness to adhere
to the intervention protocol. Other reasons included
desire to lose weight or fear of weight gain, lack of
resources or mental capacity to participate, dietary
restrictions (e.g., vegan or religious), and logistical
barriers such as travel distance to follow-up visits.
Participants were randomly allocated into three
groups. Blinding after inclusion was not feasible due
to the nature of the interventions.

Baseline characteristics of the randomized population
are presented in Table 2. The groups were comparable
with respect to age, sex distribution, baseline weight,
BMI, surgical procedure type, and body composition
measures.

There was no statistically significant difference in
length of hospital stay between groups, although
a longer stay was observed in the control group
(intervention 1: 1.2 [SD 0.6] days; intervention 2: 1.4
[SD 0.6] days; control: 2 [SD 3.3] days; P =0.12).
Table 3 and Figure 2 show changes in body weight
over time after surgery. Mean weight loss in
intervention 1 at weeks 1, 3, and 8 was 2.54 kg, 3.04
kg, and 2.18 kg, respectively. Corresponding values
in intervention 2 were 2.5 kg, 2.84 kg, and 2.67 kg,
and in the control group 2.78 kg, 3.15 kg, and 3.03 kg,

Table 2. Baseline characteristics by intervention

respectively. Weight loss peaked at week 3 in all
groups, followed by smaller changes by week 8.
Between weeks 3 and 8, small changes in weight were
observed across groups. intervention 1 showed a mean
change of +0.86 kg, intervention 2 showed +0.17 kg,
and the control group +0.12 kg. All groups remained
below baseline weight throughout follow-up.
Compliance with the assigned interventions is shown
in Table 4. Preoperative compliance, including
the presurgical evening meal, protein drink, and
preoperative drink, was 98% in both intervention 1
and intervention 2 (P = 1.00).

During hospitalization, compliance differed between
groups, with higher values in intervention 1 (71.8
[SD 39.6] %) compared with intervention 2 (55.1
[SD 30.6] %) (P = 0.02). These measures reflect
differences in intervention delivery (healthcare-
administered tube feeding versus patient self-
administration of oral intake) rather than directly
comparable patient adherence. No statistically
significant differences in compliance were observed
on the day of discharge or during postoperative days 2
to 10 (P=0.78 and P = 0.38, respectively).

In subgroup analyses of patients undergoing
bimaxillary procedures, differences in weight loss
were observed at week 3 across groups (P = 0.02).

Intervention 1 | Intervention 2 Control Total P-value?
Patients N (%) 50 (33.3) 50 (33.3) 50(33.3) | 150 (100) -
Age Mean (SD) 29.6 (11.1) 28.2(10.4) 28(9.8) | 28.6(10.4) | 0.7°
Female 30 (60) 29 (58) 28 (56) 87 (58)
Gender, N (%) 0.92¢
Male 20 (40) 21 (42) 22 (44) 63 (42)
(}(Ii‘:y‘;i)ta“zed Mean (SD) 1.2 (0.6) 1.4 (0.6) 2(3.3) 1.5 (2) 0.12°
Weight at presurgery Mean (SD) 76.9 (19.4) 745(153) | 77922.7) | 76.5(19.3) | 0.68°
examination (kg)
Weight at admission (kg) | Mean (SD) 77.2 (19.4) 752 (15.6) | 78.3(22.5) | 76.9(19.3) | 0.71°
BMI (kg/m?) Mean (SD) 25.1(5.2) 24.3 (4.8) 252(6.6) | 249(5.6) | 0.72°
Fat (%) Mean (SD) 263 (11.4) 25.1(9.8) 26.1(9.8) | 25.8(10.3) | 0.8
Fat (kg) Mean (SD) 21.1 (13.5) 192(9.7) | 21.3(13.3) | 20.5(12.3) | 0.66°
Fat free mass (kg) Mean (SD) 56.2 (13.7) 55.9 (12.1) 57 (14.7) | 56.4(13.5) 0.91°
Liquid (kg) Mean (SD) 41.1(10) 41 (8.9) 41.8(10.7) | 41.3(9.9) | 091"
Visceral fat rating Mean (SD) 4.6 (3.9) 4(3.4) 5(0) 4.5@4.1) 0.54°
z;fl 5‘ ‘;lrlta; osteotomy 6 (12) 8 (16) 1122 | 25(16.7) -
Jaw surgery, Bil?teral sagittal
N4 split osteotomy 8 (16) 5(10) 6(12) 19 (12.7) -
(mandible)
g(')‘l‘;’;g)lary 36 (72) 37 (74) 33(66) | 106(70.7) | 0.64°

*chi-square test, "one-way ANOVA. Statistically significant at level P < 0.05.

BMI = body mass index; N = number; SD = standard deviation.

http://www.ejomr.org/JOMR/archives/2026/2/e4/v17n2e4ht.htm

J Oral Maxillofac Res 2026 (Apr-Jun) | vol. 17 [ No 2 | e4 | p.5
(page number not for citation purposes)


http://www.ejomr.org/JOMR/archives/2026/2/e4/v17n2e4ht.htm

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH Mogensen et al.

Table 3. Weight changes (kg) by time from surgery and intervention group

Time Group cl:l/l:l?;e 95% C1 (chan;,e =0)* (intervl(:ntion)“

Intervention 1 -2.54 -3.11; -1.97 0.00

Week 1 | Intervention 2 -2.5 -3.06; -1.94 0.00 0.76
Control -2.78 -3.33;-2.22 0.00
Intervention 1 -3.04 -3.6; -2.47 0.00

Week 3 | Intervention 2 -2.84 -3.4;-2.29 0.00 0.74
Control -3.15 -3.71;-2.6 0.00
Intervention 1 -2.18 -2.74; -1.61 0.00

Week 8 | Intervention 2 -2.67 -3.23;-2.11 0.00 0.11
Control -3.03 -3.59; -2.47 0.00

aStatistically significant at level P < 0.05 (Wald test).
CI = confidence interval.

85
—o— |ntervention 1
-&- |ntervention 2
-&- Control

80—

> -
_ R T
= RETT
..................................................... %
E 75— ] b P. B Y
Ry
o 1
= fre
70
65 -
I T T 1
oP week 1 week 3 week 8

Time

Figure 2. Weight changes (kg) by time from surgery and intervention group.

Table 4. Compliance characteristics

. Group
Characteristics P-value®
Intervention 1 Intervention 2

N (%) 50 (33.3) 50 (33.3) -
Presurgical-preoperative (yes), N (%) 49 (98) 49 (98) 1.00*
Compliance hospitalization (%), median (iqi) | 97.9 (38.5; 100) 60.0 (26; 80) 0.005""
Day of discharge, median (iqi) 100 (100; 100) 100 (100; 100) 0.93°
Days 2 to 10, median (iqi) 94.4 (67.2;100) | 91.7 (29.2; 100) 0.83°

Continuous variables are presented as median (IQR).

achi-square test for categorical variables, "Mann—Whitney U test for continuous variables.
*Statistically significant at level P < 0.05.

N = number; IQR = interquartile range.
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At week 8, a non-significant difference was observed
(P = 0.08), and no differences were observed at week
1 (P=0.72) (Appendix 1).

No statistically significant differences in BMI were
observed between groups at any time point (week
1: P = 0.81; week 3: P = 0.66; week 8: P = 0.13)
(Appendix 2).

No statistically significant differences between groups
were observed in fat mass, fat-free mass, body water,
or visceral fat rating at any time point (Appendices
3,4, 5, 6). Across all groups, fat-free mass decreased
more than fat mass during the postoperative period;
however, no statistically significant between-group
differences were observed.

DISCUSSION

This RCT aimed to determine whether systematic
dietary  interventions, administered pre- and
postoperatively, could minimize weight loss in
the first eight weeks after orthognathic surgery.
Furthermore, to determine whether patients were
losing fat mass, fat free mass or body water.

Our data indicate that, despite the implementation of
pre- and postoperative dietary interventions, all three
groups experienced only limited weight loss, and no
statistically significant differences were observed
between them. This finding was consistent across
related body composition measures, including BMI,
fat mass, fat-free mass, body water, and visceral fat
rating.

The most substantial weight loss occurred within the
first three weeks following surgery, followed by a
gradual tapering off in subsequent weeks. Compared
with existing literature, which reports postoperative
weight loss of 3 to 10 kg with the majority occurring
in the initial three weeks, the weight loss observed in
our study is at the lower end of this range [5-8].

None of the groups returned to their baseline weight
during the recovery period. In the control group,
weight loss plateaued after week 3, with only a minor
weight regain by week 8. Overall, the weight loss
observed across all groups was relatively limited. This
pattern may reflect insufficient caloric intake during
recovery, with the control group showing a more
consistent trajectory compared to the intervention
groups, which exhibited slightly higher weight regain
at week 8. Although not statistically significant, this
modest regain in the intervention groups suggests a
potential benefit of dietary supplementation. While
our findings indicate only limited postoperative
weight loss, other studies have reported that targeted
perioperative nutritional support can significantly

http://www.ejomr.org/JOMR/archives/2026/2/e4/v17n2e4ht.htm

reduce early weight loss and promote faster recovery
[19]. This contrast underscores the potential for more
intensive nutritional interventions to further improve
postoperative outcomes.

Importantly, the effect of the interventions in
this study may have been underestimated due to
suboptimal compliance, and it cannot be ruled out
that greater adherence to the prescribed supplements
might have further reduced weight loss. To understand
the relationship between the interventions and
the observed weight loss in orthognathic patients,
it is essential to consider patients’ compliance
with the assigned treatments. Both intervention 1
and intervention 2 demonstrated generally high
adherence during the preoperative period, with no
significant differences between groups. However,
compliance notably declined during hospitalization
and the postoperative period. Declining adherence to
perioperative nutritional protocols has been observed
in several studies; for example, postoperative
compliance with oral nutritional supplements was
low in a recent cross-sectional study of digestive-tract
tumour patients [20].

During hospitalization, compliance was higher in
intervention 1, where tube feeding was administered
by nursing staff, compared to intervention 2, in
which patients were responsible for drinking oral
protein supplements. The passive nature of tube
feeding likely reduced the burden on patients, thereby
improving adherence. However, despite tube feeding
being part of standard care, full compliance was not
achieved. Factors such as nausea, vomiting, and
discomfort associated with the nasogastric tube likely
contributed to missed doses. These observations
are consistent with findings by Ishikawa et al.
[16], who reported that nasogastric feeding is often
associated with complications, including discomfort,
nausea, vomiting, aspiration pneumonia, and even
asphyxiation due to misplacement of the feeding
tube. Such adverse effects may reduce tolerability
and ultimately affect compliance. Furthermore,
our findings align with the ESPEN guideline-
supported evidence that prolonged preoperative
nutritional support (7 to 10 days) benefits severely
undernourished  patients, = whereas  short-term
interventions - such as the brief duration of feeding
tube use in our study - may have limited impact,
particularly in a cohort with short hospitalisation and
potentially mild or no undernutrition [21].

Tube feeding was administered by ward nurses
who were not part of the project group, making it an
additional task rather than an integrated responsibility.
Consequently, adherence was suboptimal, for example,
feeding tubes were occasionally removed prematurely.
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Direct oversight by the project team might have
promoted stronger ownership and recognition of the
intervention’s significance, provided no adverse effects
occurred. This interpretation is consistent with the
findings of Beck et al. [22], who identified staff non-
compliance as the principal barrier to a nutrition and
oral care intervention in nursing home residents. Their
study highlights the importance of ensuring that staff
appreciates the benefits to patients without perceiving
the intervention as an added burden.

Postoperatively, compliance was lower in both
intervention groups, with patients required to consume
protein drinks daily as nutritional supplements.
Challenges including nausea, unpleasant taste, drink
consistency, and reduced appetite affected patients’
ability to follow the protocol, consistent with previous
findings reported by Hammond et al. [5].

This decreased compliance, particularly in the
postoperative period, may have influenced the
effectiveness of the interventions and contributed
to the lack of statistically significant differences
in weight loss between groups. These findings
highlight the importance of addressing patient
experience and side effects associated with nutritional
supplementation to improve adherence and potentially
enhance clinical outcomes.

In this RCT, all participants - both intervention and
control groups - received the same comprehensive
information about the study, including why
postoperative weight loss is undesirable and the
rationale behind the dietary interventions. The
intervention groups received dietary guidance at the
presurgery examination, while the control group
received similar guidance during the admission
interview the day before surgery. This approach
ensured that the control group had an equal
opportunity to prepare nutritionally for surgery.
This may explain the observed slight weight
gain across all groups between the presurgery
examination and admission, suggesting that timely
nutritional counselling can positively influence
patients’ preoperative nutritional status regardless of
intervention allocation. This is in line with findings by
Minnella and Carli [23], who demonstrated that even
brief preoperative nutritional interventions can lead
to measurable improvements in patient readiness for
surgery and overall nutritional condition.

When examining the relationship between the
type of orthognathic surgery and postoperative
weight loss, no differences were found between
the intervention groups, which is in accordance
with findings from a previous prospective cohort
study [18]. Patients undergoing bimaxillary surgery
experience significantly greater weight loss by three
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weeks postsurgery compared with those who undergo
single-jaw procedures. Although weight loss occurs
regardless of type of orthognathic surgery, the risk and
magnitude are notably higher in bimaxillary patients
[18].

In this RCT, we further analysed the composition
of weight loss, focusing on fat mass, fat-free
mass, and body water. Our findings reveal that fat-
free mass constitutes the predominant component
of postoperative weight loss. This aligns with
international ~ research  showing that during
physiological stress caused by illness or surgery,
muscle catabolism is the primary driver of weight
loss. These results highlight the need for increased
intake of protein-rich nutrition to mitigate muscle loss
and support recovery [24].

Importantly, both single- and bimaxillary surgery
patients continue to experience undesirable weight
loss up to eight weeks postoperatively. However, the
overall weight loss observed in this RCT was smaller
than the weight loss reported in the cohort, suggesting
possible improvements in perioperative care or patient
management [18]. One possible explanation for this
difference is the Hawthorne effect - a phenomenon
where individuals alter their behaviour because they
are aware of being observed or participating in a
study. Participants in this RCT may have experienced
behavioural changes due to the increased attention
they received. For example, they may have been more
motivated to maintain their weight simply because
they knew they were being closely monitored. This
heightened awareness could have led to reduced
weight loss compared with patients in the cohort
study, who were not part of a formal research setting
and did not receive the same level of attention or
“motivational boost.” Instead, those patients were
only subject to a routine change in clinical practice,
such as the introduction of regular weighing [18].
Future research should focus on optimizing the
delivery, tolerability, and patient-centered design of
perioperative nutritional interventions in orthognathic
surgery. In particular, strategies to improve adherence,
including addressing gastrointestinal side effects,
taste acceptability, and treatment burden, warrant
further investigation. In addition, behavioural and
implementation-oriented  approaches aimed at
reducing compliance barriers among both patients
and healthcare staff may be crucial to maximizing
the effectiveness of nutritional support. Finally,
studies with longer follow-up periods and more
detailed assessment of functional outcomes and body
composition recovery are needed to better understand
the long-term clinical impact of perioperative
nutritional strategies.
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Limitations

This study has several limitations:

* The data collection period was relatively long,
spanning from 2017 to 2022. This extended
recruitment period was unavoidable due to a
limited number of eligible patients between
2017 and 2021, together with delays caused by
the COVID-19 pandemic. Although some of the
data may therefore be considered dated, much
of the existing literature in this field is based on
data collected over similar periods. We therefore
believe that the present study continues to provide
valuable and relevant insights, particularly given
the limited number of recent studies investigating
postoperative nutritional interventions following
orthognathic surgery.

* A total of 139 of the 289 eligible patients
declined participation, most commonly due
to unwillingness to adhere to the intervention
protocol. Consequently, the enrolled cohort may
represent patients who were more motivated
to comply with postoperative nutritional
recommendations than the general orthognathic
surgery population. This selection may limit
the generalisability of the findings, as the
effectiveness of the interventions could differ in a
less adherent population.

* No explicit minimal clinically important
difference was predefined for postoperative
weight loss or body composition outcomes.
Although the sample size calculation was based
on an expected between-group difference derived
from previous literature and clinical judgement,
the study may not have been powered to detect
smaller but potentially clinically relevant
differences. Consequently, while no statistically
significant differences were observed between
groups, the possibility of modest intervention
effects cannot be excluded. This should be
considered when interpreting the null findings.

* The potential influence of the Hawthorne effect
should be considered. Participants in all groups
may have altered their behaviour due to awareness
of being observed. In addition, it was not possible
to determine whether participants in the control
group independently used nutritional supplements
outside the study protocol, such as protein drinks
purchased from external sources. These factors
may have influenced adherence to the assigned
interventions and should be considered when
interpreting the findings. Differences in length of
hospital stay between groups may also represent
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a potential source of residual confounding,
as the control group showed greater variability in
length of stay, which may reflect heterogeneity in
postoperative recovery and unmeasured clinical
factors.

CONCLUSIONS

In  conclusion, this randomized controlled
trial underscores the complexity of managing
postoperative weight loss in patients undergoing
orthognathic surgery. Systematic dietary interventions
did not result in statistically significant reductions
in postoperative weight loss or changes in body
composition compared with standard care. Differences
in adherence to the nutritional protocol were
observed between the intervention groups, with the
highest compliance in the nasogastric tube feeding
group, likely reflecting that this intervention was

administered by healthcare professionals rather
than being self-administered. However, higher
compliance was not associated with improved

clinical outcomes. Furthermore, the predominance
of fat-free mass loss highlights the importance of
preserving lean tissue during the postoperative

period, particularly following bimaxillary
surgery.
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Appendix 1. Weight changes (kg) by time from surgery, jaw surgery, and intervention group

. Mean o P P P
Time Group change 95% C1 (change = 0) | (intervention)® | (time point)®
Intervention 1 -1.98 -3.52;-0.45 0.01
Week 1 | LeFortLosteotomy  Fy 00 ion2 | -1.85 | -3.18;-0.52 0.01 0.82 ;
(maxilla)
Control -2.89 -4.02; -1.76 0.00
Bilateral Intervention 1 -2.34 | -3.66; -1.01 0.00
Week 1 | sagittal split osteotomy | Intervention2 | -1.74 | -3.42;-0.06 0.04 0.58 -
(mandible) Control 113 | 26704 0.15
. . Intervention 1 -2.68 | -3.33;-2.04 0.00
Week 1 | Bimaxillary Intervention2 | -2.74 | -3.37;-2.12 0.00 0.09 0.72
(double)
Control -3.03 -3.69; -2.37 0.00
Intervention 1 2.5 -4.03;-0.97 0.00
Le Fort I osteotomy -
Week 3 . Intervention 2 2.9 -4.23;-1.57 0.00 0.69 -
(maxilla)
Control -2.64 -3.77;-1.5 0.00
Bilateral Intervention 1 -2.58 -3.9;-1.25 0.00
Week 3 | sagittal split osteotomy | Intervention 2 -1.4 -3.08; 0.28 0.1 0.28
(mandible) Control 138 | -2.92;0.15 0.08
. . Intervention 1 -3.24 -3.88;-2.6 0.00
Weck 3 | Bimaxillary Intervention2 | -3.03 | -3.65;-2.4 0.00 0.11 0.02
(double)
Control -3.65 -4.3;-2.99 0.00
Intervention 1 -2.15 | -3.77;-0.53 0.01
Le Fort I osteotomy .
Week 8 . Intervention 2 -1.66 -2.99; -0.34 0.01 0.02 -
(maxilla)
Control -2.59 -3.72;-1.46 0.00
Bilateral Intervention 1 -1.26 -2.59; 0.06 0.06
Week 8 | sagittal split osteotomy | Intervention2 | -0.36 -2.04; 1.32 0.67 0.45 -
(mandible) Control 14 | 2.93;0.13 0.07
. . Intervention 1 2.4 -3.04; -1.77 0.00
Week g | Bimaxillary Intervention2 | -3.22 | -3.84;-2.59 0.00 0.27 0.08
(double)
Control -3.48 | -4.14;-2.82 0.00

aStatistically significant at level P < 0.05 (Wald test).
CI = confidence interval.

Appendix 2. Changes in body mass index (kg/m?) by time from surgery and intervention

group
Time Group cl::[:l?;e 95% C1 (chan:e =0)* (intervle)ntion)a

Intervention 1 -0.82 | -1.01;-0.63 0.00

Week 1 | Intervention 2 -0.82 -1.01; -0.64 0.00 0.81
Control -0.9 -1.08; -0.71 0.00
Intervention 1 -1.06 -1.24;-0.87 0.00

Week 3 | Intervention 2 -0.94 -1.12;-0.76 0.00 0.66
Control -1.02 | -1.21;-0.84 0.00
Intervention 1 -0.72 -0.9; -0.53 0.00

Week 8 | Intervention 2 -0.9 -1.08; -0.72 0.00 0.13
Control -0.98 | -1.16;-0.79 0.00

aStatistically significant at level P < 0.05 (Wald test).
CI = confidence interval.
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Appendix 3. Changes in fat (kg) by time from surgery and intervention group

Time Group cl;l/l::;e 95% Cl (chan;e =0)* (intervf:ntion)a

Intervention 1 -0.24 -0.9; 042 0.47

Week 1 | Intervention 2 -0.47 -1.12; 0.18 0.16 0.36
Control -0.9 -1.55;-0.26 0.01
Intervention 1 -0.85 -1.51;-0.2 0.01

Week 3 | Intervention 2 -1.57 -2.21;-0.92 0.00 0.26
Control -0.96 -1.6;-0.32 0.00
Intervention 1 -1.6 -2.25;-0.95 0.00

Week 8 | Intervention 2 -2.28 -2.92;-1.63 0.00 0.3
Control -1.71 -2.36;-1.07 0.00

“Statistically significant at level P <0.05 (Wald test).

CI = confidence interval.

Appendix 4. Changes for non-fat (kg) by time from surgery and intervention group

Time Group cl:l/lzf:;e 95% C1 (chan;’e =0)* (intervle)ntion)a

Intervention 1 -2.28 -2.82;-1.73 0.00

Week 1 | Intervention 2 -2.01 -2.55;-1.48 0.00 0.56
Control -1.86 | -2.39;-1.33 0.00
Intervention 1 2.2 -2.73; -1.66 0.00

Week 3 | Intervention 2 -1.74 -2.27;-1.21 0.00 0.41
Control -2.18 -2.7;-1.65 0.00
Intervention 1 -0.58 | -1.12;-0.04 0.03

Week 8 | Intervention 2 -0.86 -1.4;-0.33 0.00 0.15
Control -1.33 | -1.86;-0.79 0.00

“Statistically significant at level P < 0.05 (Wald test).

CI = confidence interval.

Appendix 5. Changes for body water (kg) by time from surgery and intervention group

Time Group cltl/l:l?;e 95% C1 (chan:e =0)* (intervl(:ntion)“

Intervention 1 -1.66 -2.05;-1.26 0.00

Week 1 | Intervention 2 -1.49 -1.88;-1.09 0.00 0.57
Control -1.36 -1.75;-0.97 0.00
Intervention 1 -1.6 -1.99;-1.2 0.00

Week 3 | Intervention 2 -1.28 -1.66; -0.89 0.00 0.43
Control -1.58 -1.97;-1.2 0.00
Intervention 1 -0.42 -0.81; -0.03 0.04

Week 8 | Intervention 2 -0.65 -1.04; -0.26 0.00 0.16
Control -0.96 | -1.35;-0.57 0.00

Statistically significant at level P < 0.05 (Wald test).

CI = confidence interval.
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Appendix 6. Changes for visceral fat rating by time from surgery and intervention group

Time Group cr:l?ge 95% C1 (chan;,e =0)* (intervl;ntion)“

Intervention 1 -0.12 -0.3;0.07 0.21

Week 1 | Intervention 2 -0.14 -0.32; 0.04 0.14 0.16
Control -0.34 | -0.52;-0.16 0.00
Intervention 1 -0.25 -0.43; -0.06 0.01

Week 3 | Intervention 2 -0.26 -0.44; -0.08 0.00 0.91
Control -0.3 -0.48; -0.12 0.00
Intervention 1 -0.39 -0.58;-0.21 0.00

Week 8 | Intervention 2 -0.38 -0.57;-0.2 0.00 0.98
Control -0.41 | -0.59;-0.23 0.00

aStatistically significant at level P < 0.05 (Wald test).

CI = confidence interval.
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