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Abstract: Low muscle mass is associated with adverse outcomes after surgery. This study examined
whether facial muscles, such as the masseter muscle, could be used as a proxy for generalized low
muscle mass and could be associated with deviant outcomes after carotid endarterectomy (CEA). As
a part of the Vascular Ageing study, patients with an available preoperative CT-scan, who underwent
an elective CEA between December 2009 and May 2018, were included. Bilateral masseter muscle
area and thickness were measured on preoperative CT scans. A masseter muscle area or thickness
of one standard deviation below the sex-based mean was considered low masseter muscle area
(LMA) or low masseter muscle thickness (LMT). Of the 123 included patients (73.3% men; mean age
68 (9.7) years), 22 (17.9%) patients had LMA, and 18 (14.6%) patients had LMT. A total of 41 (33.3%)
patients had a complicated postoperative course and median length of hospital stay was four (4–5)
days. Recurrent stroke within 5 years occurred in eight (6.6%) patients. Univariable analysis showed
an association between LMA, complications and prolonged hospital stay. LMT was associated with
a prolonged hospital stay (OR 8.78 [1.15–66.85]; p = 0.036) and recurrent stroke within 5 years (HR
12.40 [1.83–84.09]; p = 0.010) in multivariable logistic regression analysis. Masseter muscle might be
useful in preoperative risk assessment for adverse short- and long-term postoperative outcomes.

Keywords: carotid endarterectomy; computed tomography; frailty; masseter muscle; risk management;
sarcopenia

1. Introduction

Patients undergoing carotid endarterectomy, a successful treatment for preventing
ischemic cerebrovascular accidents, are susceptible to adverse postoperative outcomes,
such as a post-procedural stroke, myocardial infarction, and mortality [1]. Preoperative
frailty, defined as a state of increased vulnerability due to a decline in physiological reserve
and functional capacity of the patient, is known to be associated with such unfavorable
outcomes after carotid endarterectomy [2–6]. Although these are separate concepts, the
physical component of frailty is sometimes referred to as sarcopenia, and could be diag-
nosed by measuring (a decline in) skeletal muscle strength and muscle mass [7–10]. Several

J. Clin. Med. 2022, 11, 3087. https://doi.org/10.3390/jcm11113087 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11113087
https://doi.org/10.3390/jcm11113087
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-7723-0256
https://orcid.org/0000-0002-8676-2334
https://orcid.org/0000-0003-3928-8075
https://orcid.org/0000-0002-2236-5233
https://doi.org/10.3390/jcm11113087
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11113087?type=check_update&version=1


J. Clin. Med. 2022, 11, 3087 2 of 12

studies have measured sarcopenia by using transverse slices of abdominal computed
tomography (CT) scans to quantify the total abdominal muscle area and density at the
level of the third lumbar vertebra [2,11,12]. Decreased muscle area or muscle density, that
is, signs of myosteatosis, were found to be associated with increased adverse outcomes
and mortality following surgery [13–17]. CT analysis at the third lumbar vertebra is a
useful method of identifying the patients at risk who have a preoperative work up with
an abdominal CT scan, but this is often not feasible for patients who are scheduled for
non-abdominal surgery, such as head and neck surgery. For these patients, some studies
have shown that measuring the masseter muscle area could also be a valid method for
evaluating generalized muscle status [18,19]. Oksala et al. found that not only that the
masseter muscle area and density could easily and reliably be measured from preoperative
CT images, but also that the mean masseter muscle area was associated with postoper-
ative long-term survival in carotid endarterectomy patients [20]. Limited research was
performed on masseter muscle measurements and surgical outcomes. Perhaps due to its
role as the chewing muscle, the masseter muscle could be of value in assessing nutritional
status, or could be identified as a potential proxy for generalized low muscle mass, and,
therefore, be used as a risk factor for deviant postoperative outcomes after surgery for
patients for whom an abdominal CT scan is absent [21].

The primary aim of this study was to evaluate the association between the masseter
muscle area or thickness and adverse short-term and long-term postoperative outcomes
after carotid endarterectomy. The secondary aim was to investigate the relationship be-
tween masseter muscle area or thickness and frailty, as indicated by the Groningen Frailty
Indicator (GFI).

2. Materials and Methods
2.1. Study Design

This study is part of a large prospective cohort study, initiated in 2009 in our tertiary
referral teaching hospital, to study frailty in elective vascular surgery patients (Vascular
Ageing Study) [3,22]. Consecutive patients who were scheduled for carotid endarterectomy
between December 2009 and May 2018, for whom recent (<12 months) digital preoperative
CT and CT angiography (CTA) scans were performed, were included in the study.

The electronic medical records and vascular registry were accessed to obtain informa-
tion on patient demographics, including sex, age, body mass index (BMI), smoking history,
the American Society of Anesthesiologists (ASA) classification, and comorbidities expressed
by the Charlson Comorbidity Index. Preoperative screening reports of anesthesiologists
were assessed to gather data on the dental status of the patient; data were dichotomized
into patients with teeth and into patients who used a partial or full dental prosthesis.

Follow-up and clinical data from the Vascular Ageing Study were used. The Institu-
tional Review Board approved dispensation in accordance with Dutch law on patient-based
medical research (WMO) obligations (registration no. METc2016/322). Consequently, in-
formed consent was not obtained. Patient data were processed and electronically stored
in agreement with the Declaration of Helsinki’s ethical principles for medical research
involving human subjects (2013). Data were stored and analyzed anonymously.

2.2. Outcome Parameters

The primary outcome parameters were postoperative surgical outcomes as postop-
erative complications, length of hospital stay, recurrent stroke beyond 30 days within
5 years, and 5-year survival after CEA. The secondary outcome parameter was preopera-
tive frailty measured by the GFI and its association with masseter muscle measurements.
Complications were first classified according to the Clavien–Dindo scoring method, af-
ter which the Comprehensive Complication Index (CCI) was calculated [23]. The CCI
takes the quantity of appearances of each complication into account, summing all of the
postoperative complications, weighted according to their severity, ranging from zero (no
complications) to 100 (death) [24]. Length of hospital stay was dichotomized, where the



J. Clin. Med. 2022, 11, 3087 3 of 12

cutoff point for a prolonged hospital stay was defined as a length of hospital stay of seven
or more days (≥7 days). Frailty was measured at the out-patient clinic by using the GFI, a
frailty measurement tool developed in the Netherlands. The GFI contains 15 dichotomous
self-reported items, comprising of physical, cognitive, social, and psychological domains.
The frailty score could range from a score of 0 (normal activity without restriction) to 15
(completely disabled) [4,25]. Based on previous publications, a score of ≥4 was considered
indicative of frailty [26,27].

2.3. Masseter Measurements

Measurements of the masseter muscle area and thickness were performed on pre-
operative CTs or CTAs of cervical and cerebral vasculature. All of the images were as-
sessed through a picture archiving and communications system (PACS, AGFA Healthcare,
Brentford, UK). All of the acquired scans had a slice thickness of 1–3 mm (mm), using a
512 × 512 matrix. Prior to conducting the measurements, adjustments in the tilt alignment
of the CT scans were made according to a tangent along the lower borders of the arcus
zygomaticus in the coronal plane and along the os palatum nasi in the saggital plane. Next,
in the coronal view, the masseter muscle was identified 20 mm below the zygomatic arch.
The outlines of the masseter muscle were manually traced bilaterally in the transversal
images, and the maximum transversal diameter of the masseter muscles was measured
at the same level (Figure 1). The imaging analysis program (PACS, AGFA Healthcare,
Brentford, UK) calculated the area in square millimeters (mm2) and the masseter thickness
in mm. The mean area and thickness, determined by measuring both of the masseter
muscles, were used for analysis. In the analyses, low muscle mass, in this study referred to
as low masseter muscle area (LMA) or low masseter muscle thickness (LMT), was defined
as the mean masseter area or thickness of one standard deviation below the sex-based mean
masseter area or the thickness of the study population [28]. Patients with a masseter muscle
area or thickness above the cutoff-point of one SD below the sex-based mean were defined
as adequate masseter muscle area (AMA) or adequate masseter muscle thickness (AMT).
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Figure 1. Example of performed measurements of bilateral masseter muscle area (left) and thickness
(middle) after tilt adjustments were performed (right).

2.4. Statistical Analysis

Categorical variables were compared using Pearson’s χ2 test and are presented as num-
bers and percentages. Continuous variables were analyzed using a Student’s t-test (normal
distribution) or the Mann–Whitney U test (skewed distribution). Normally distributed
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variables were presented as mean with standard deviation (SD) and skewed variables
as median with interquartile range (IQR). The normality of the data was visually tested
using histograms.

Multivariable logistic regression models were conducted to evaluate the association
between the length of hospital stay and LMA and LMT. A multivariable linear regression
model was used to assess the association between LMA and LMT and complications by CCI.
Based on the existing literature, models were adjusted for the factors which have a strong
a priori association with masseter muscle measurements: a complicated postoperative
course; length of hospital stay; recurrent stroke or survival. Besides LMA and LMT,
factors included in the multivariable linear regression model to assess complications in
CCI were sex, age, BMI, ASA score ≥ 3, dental status and current smoking [5,21,29,30]. The
multivariable logistic regression analyses to assess the length of hospital stay and LMA
or LMT were adjusted for sex, age, BMI, ASA score ≥ 3, dental status, current smoking,
and complications in CCI. The results of univariable and multivariable linear regression
models were expressed as effect size with 95% confidence interval (95%-CI), and effect sizes
of univariable and multivariable logistic regression models were presented as odds ratio
(OR) with 95%-CI.

To determine the effect of low masseter muscle area or thickness on patients’ five-year
survival and on the occurrence of a recurrent stroke within 5 years, a Cox proportional
hazards model, adjusted for sex, age, BMI, ASA score ≥ 3, and dental status, was utilized.
A p value of <0.05 was considered statistically significant. All of the statistical analyses were
performed using the Statistical Package for the Social Sciences (SPSS 23.0, SPSS, Chicago,
IL, USA).

3. Results
3.1. Demographics

The total cohort of the Vascular Aging study consisted of 1306 patients. In total,
254 patients who had undergone elective carotid endarterectomy were identified. Of
these 254 patients, 60 patients had no head or neck CT or CTA available in our hospital,
66 patients had a head CT with insufficient imaging of the masseter muscles to perform
muscle measurements, and 5 patients had a CT or CTA that was performed more than
twelve months before surgery. Therefore, the remaining 123 patients had a preoperative
CT or CTA scan sufficient for measurements and, thereby, formed the basis of the final
analysis. Demographics, comorbidities, CCI, and the length of hospital stay did not differ
significantly between the included and excluded carotid endarterectomy patients. Patient
characteristics and clinical data are summarized in Table 1. The majority of the patients
were male (n = 90; 73.2%), and the mean (SD) age of the total group was 68 (9.7) years.
The majority of patients (n = 99 (80.5%) patients) underwent surgery because of a carotid
stenosis of minimally 70%. A total of 19 (15.4%) patients had an asymptomatic stenosis
prior to surgery, while 17 (13.8%) had a history of amaurosis fugax, 41 (33.3%) had a history
of transient ischemic attack(s), and 46 (37.4%) had a history of minor ischemic stroke.

3.2. Masseter Area

The mean (SD) masseter area for males and females was 418 (88) mm2 and 344 (87) mm2,
respectively. Based on the sex-based mean (SD) area of the masseter muscle, the total cohort
was divided into a group with low muscle area, the LMA group (n = 22), and the AMA
group (n = 101) (cutoff-points for the LMA group were ≤330 mm2 and ≤257 mm2 for males
and females, respectively). The mean (SD) BMI in the AMA group was 27.6 (4.5) kg/m2,
which was significantly higher than the mean (SD) BMI of 25.1 (3.1) kg/m2 in the LMA
group (p = 0.014). In the LMA group, a significantly larger proportion of the patients had
ASA scores of three or higher (15 (68.1%), versus 45 (44.6%); p = 0.037) (Table 1).
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Table 1. Comparison of clinical characteristics by presence of adequate or low masseter muscle area
and adequate or low masseter muscle thickness.

Demographics Masseter Muscle Area Masseter Muscle Thickness

All Patients
(n = 123)

AMA
(n = 101)

LMA
(n = 22) p Value AMT

(n = 105)
LMT

(n = 18) p Value

Sex
Male 90 (73.2%) 74 (73.3%) 16 (72.7%) 0.959 76 (72.4%) 14 (77.8%) 0.633
Female 33 (26.8%) 27 (26.7%) 6 (27.3%) 0.959 29 (27.6%) 4 (22.2%) 0.633

Age—y 68 (9.7) 68 (9.9) 71 (8.7) 0.652 68 (10.3) 69 (6.1) 0.475
BMI—kg/m2 27.2 (4.5) 27.6 (4.5) 25.1 (3.1) 0.014 27.6 (4.6) 24.9 (3.1) 0.021
Smoking status

Current 33 (26.8%) 24 (23.8%) 9 (40.9%) 0.087 23 (21.9%) 10 (55.6%) 0.005
History 38 (30.9%) 35 (34.7%) 3 (13.6%) 0.041 34 (32.4%) 4 (22.2%) 0.389
Never 52 (42.3%) 42 (41.6%) 10 (45.5%) 0.814 48 (45.7%) 4 (22.2%) 0.051

ASA ≥ 3 60 (48.7%) 45 (44.6%) 15 (68.1%) 0.037 45 (42.9%) 15 (83.3%) 0.001
Charlson Comorbidity
Index—median (IQR) 5 (3–6) 5 (3–6) 5 (4–5) 0.806 4 (3–6) 5 (4–5) 0.496

Partial or full dental
prosthesis 65 (52.8%) 54 (53.5%) 11 (50.0%) 0.446 53 (50.5%) 12 (66.7%) 0.234

GFI 2 (1–4) 2 (1–4) 2 (1–5) 0.827 2 (1–4) 2 (1–5.25) 0.233
GFI > 3 34 (27.6%) 28 (27.7%) 6 (27.3%) 0.966 28 (26.7%) 6 (33.3%) 0.559
Indication

Asymptomatic 19 (15.4%) 16 (15.8%) 3 (13.6%) 0.795 18 (17.1%) 1 (5.6%) 0.209
Amaurosis 17 (13.8%) 16 (15.8%) 1 (4.5%) 0.164 15 (14.3%) 2 (11.1%) 0.718
Transient ischemic attack 41 (33.3%) 33 (32.7%) 8 (36.4%) 0.739 37 (35.2%) 4 (22.2%) 0.279
Minor ischemic stroke 46 (37.4%) 36 (35.6%) 10 (45.5%) 0.389 35 (33.3%) 11 (61.1%) 0.024

Ipsilateral stenosis (%)
<50% 2 (1.6%) 1 (1.0%) 1 (4.5%) 0.232 1 (1%) 1 (5.6%) 0.154
50–70% 22 (17.9%) 17 (16.8%) 5 (22.7%) 0.513 22 (21%) 0 (0%) 0.032
>70% 99 (80.5%) 83 (82.2%) 16 (72.7%) 0.311 82 (78%) 17 (94.4%) 0.106

Low muscle area and thickness were defined by a mean masseter muscle area or thickness of one standard
deviation below the sex-based mean. Data are presented as mean (SD) or median (IQR), unless indicated
otherwise. AMA: adequate masseter muscle area; LMA: low masseter muscle area; AMT: adequate masseter
muscle thickness; LMT: low masseter muscle thickness; BMI: body mass index; ASA: American Society of
Anesthesiologists’ score; GFI: Groningen Frailty Indicator.

3.3. Masseter Thickness

The mean (SD) masseter thicknesses for males and females were 12.75 (2.11) mm and
11.54 (2.10) mm, respectively. The total cohort was, based on sex-based mean masseter
muscle thickness, divided into LMT (n = 18) and AMT (n = 105) groups (cutoff-points
for the LMT group were ≤10.64 mm and ≤9.44 mm for males and females, respectively).
In the LMT group, the mean (SD) BMI was significantly lower in the LMT group com-
pared with the AMT group (24.9 (3.1) versus 27.6 (4.6), p = 0.021). In addition, the LMT
patients had an ASA score of three or higher significantly more often than the AMT group
(83.3% versus 42.9%; p = 0.001) (Table 1). A significantly higher proportion of patients with
LMT had an ischemic stroke prior to CEA compared with the AMT group (11 (61.1%)
versus 35 (33.3%), p = 0.024).

3.4. Association of Masseter Muscle Area and Thickness with Clinical Outcome Parameters

All of the clinical outcome parameters, including the differences concerning the measured
masseter muscle area and thickness, are listed in Table 2. A total of 41 (33.3%) patients
had a complicated postoperative course, with nerve injury as the most common occurring
complication (15 patients (12.2%)). Patients with LMA more often had postoperative hyper- or
hypotension compared with the AMA group (4 (18.2%) versus 5 (5.0%), p = 0.031). Although
not statistically significant, postoperative stroke occurred more often in the LMA and LMT
groups compared with AMA and AMT, respectively (area: 2 (9.1%) versus 4 (4.0%), p = 0.311;
thickness: 2 (11.1%) versus 4 (3.8%), p = 0.184). For the total cohort median (IQR) the CCI
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was zero (0–8.7), the median (IQR) length of hospital stay was four (4–5) days, and 15 (12.2%)
patients had a prolonged hospital stay of seven or more days. The presence of preoperative
LMA resulted in a significantly longer median (IQR) length of hospital stay than the AMA
group (5.5 (4–7) versus 4.5 (4–5) days; p = 0.011). There was also a significant difference
in a prolonged hospital length of stay (≥7 days) between the LMA and the AMA groups
(six (27.3%) versus nine patients (8.9%), p = 0.017). After discharge, no differences were
found in 30-day readmission (one (4.5%) versus five (5.0%), p = 0.708) or in five-year survival
(17 (77.2%) versus 85 (84.2%), p = 0.531). For the LMT group, a significantly larger group had
a prolonged hospital stay of seven or more days than in the AMT group (5 (27.8%) versus
10 (9.5%), p = 0.029). In addition, a significantly larger proportion of the patients with LMT
had a recurrent, postoperative ischemic stroke within 5 years (two (11%) versus one (1.9%),
p = 0.042) (Table 2).

Table 2. Comparison of clinical outcomes by presence of adequate or low masseter muscle area and
adequate or low masseter muscle thickness.

Clinical Outcomes Masseter Muscle Area Masseter Muscle Thickness

All Patients
(n = 123)

AMA
(n = 101)

LMA
(n = 22) p Value AMT

(n = 105)
LMT

(n = 18) p Value

Complications within
30 days 41 (33.3%) 30 (29.7) 11 (50.0%) 0.067 34 (32.4%) 7 (38.9%) 0.588

Cardiac complication 6 (4.9%) 4 (4.1%) 2 (9.1%) 0.311 1 (5.0%) 1 (5.6%) 0.885
Hyper/hypotension 9 (7.3%) 5 (5.0%) 4 (18.2%) 0.031 6 (5.7%) 3 (16.7%) 0.099
Stroke 6 (4.9%) 4 (4.0%) 2 (9.1%) 0.311 4 (3.8%) 2 (11.1%) 0.184
Wound 8 (6.5%) 7 (6.9%) 1 (4.5%) 0.681 7 (6.7%) 1 (5.6%) 0.860
Nerve injury 15 (12.2%) 13 (12.9%) 2 (9.1%) 0.623 15 (14.3%) 0 (0%) 0.087
Other 3 (2.4%) 2 (2.0%) 1 (4.5%) 0.480 3 (2.9%) 0 (0%) 0.468

Complications in CCI,
median (IQR) 0 (0–8.7) 0 (0–8.7) 0 (0–20.9) 0.082 0 (0–8.7) 0 (0–20.9) 0.624

Length of hospital stay
(days), median (IQR) 4 (4–5) 4.50 (4–5) 5.5 (4–7) 0.011 4 (4–5) 4 (4–7.25) 0.621

Hospital stay ≥ 7 days 15 (12.2%) 9 (8.9%) 6 (27.3%) 0.017 10 (9.5%) 5 (27.8%) 0.029
Readmission within 30 days 6 (4.9%) 5 (5.0%) 1 (4.5%) 0.708 5 (4.8%) 1 (5.6%) 0.62
Recurrent stroke within
5 years (beyond 30 days) 8 (6.6%) 6 (5.9%) 2 (9.1%) 0.587 5 (4.8%) 3 (16.7%) 0.058

Transient ischemic attack 4 (3.3%) 3 (3.0%) 1 (4.5%) 0.706 3 (2.9%) 1 (5.6%) 0.551
Ischemic stroke 4 (3.3%) 3 (3.0%) 1 (4.5%) 0.706 2 (1.9%) 2 (11.1%) 0.042

5-year survival 102 (83.9%) 85 (84.2%) 17 (77.2%) 0.531 88 (83.8%) 14 (77.8%) 0.368

Low muscle area and thickness were defined by a mean masseter muscle area or thickness of one standard
deviation below the sex-based mean. Data are presented as mean (SD) or median (IQR), unless indicated
otherwise. AMA: adequate masseter muscle area; LMA: low masseter muscle area; AMT: adequate masseter
muscle thickness; LMT: low masseter muscle thickness; CCI: Comprehensive Complication Index

Univariable linear regression analysis showed that patients with LMA had a signifi-
cantly increased risk of developing postoperative complications (effect size 5.23 [95%-CI,
0.31–10.14]; p = 0.037). After adjusting the model for sex, age, BMI, ASA score ≥ 3, den-
tal status, and current smoking, the association lost statistical significance (4.26 [95%-CI,
−1.26 to 9.79]; p = 0.129). Moreover, no significant association between masseter muscle
thickness and complications was observed in the multivariable linear regression analysis
(1.15 [95%-CI, −4.99 to 7.29]; p = 0.712). In the multivariable logistic regression analysis, a
significantly increased risk of prolonged hospital length of stay was observed in patients
with LMT (OR 8.78 [95%-CI, 1.15–66.85; p = 0.036). This increased risk was also observed
in the multivariable analysis for the LMA group (OR 4.73 [95%-CI, 1.13–19.73]; p = 0.033).
Regarding long-term postoperative outcome, using multivariable cox-regression analysis,
in patients with low masseter muscle thickness a significantly increased postoperative risk
was observed for recurrent stroke within 5-years (HR 12.40 [95%-CI, 1.83–84.09]; p = 0.010)
(Table 3).
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Table 3. Univariable and multivariable linear and logistic regression analysis of the association
between low masseter muscle area, low masseter muscle thickness, and surgical outcome.

Low Masseter Muscle Area Low Masseter Muscle Thickness

Outcome Parameter Effect Size
95%-CI

p Value Effect Size
95%-CI

p Value
Lower Upper Lower Upper

Complications (CCI)
Univariable analysis 5.23 0.31 10.14 0.037 2.92 −2.48 8.32 0.287
Multivariable analysis * 4.26 −1.26 9.79 0.129 1.15 −4.99 7.29 0.712

Hospital stay ≥7 days
Univariable analysis OR 3.80 1.20 12.24 0.023 OR 3.65 1.08 12.38 0.037
Multivariable analysis ** OR 4.73 1.13 19.73 0.033 OR 8.78 1.15 66.85 0.036

5-year recurrent stroke risk
(beyond 30 days)

Univariable analysis HR 1.70 0.34 8.4 0.518 HR 4.04 0.96 16.93 0.056
Multivariable analysis * HR 2.05 0.29 14.62 0.473 HR 12.40 1.83 84.09 0.010

5-year survival
Univariable analysis HR 1.56 0.58 4.31 0.374 HR 1.54 0.52 4.59 0.436
Multivariable analysis ** HR 1.25 0.38 4.14 0.714 HR 1.63 0.47 5.72 0.443

Low masseter muscle area and thickness were defined by a mean masseter muscle area of 1 standard deviation
below the sex-based mean. * adjusted for: Sex; age; BMI; ASA score ≥ 3; dental status; current smoking. ** adjusted
for: Sex; age; BMI; ASA score ≥ 3; dental status; current smoking; complications in CCI. CCI: Comprehensive
Complication Index.

3.5. Association of Masseter Muscle Area and Thickness with GFI

All of the included 123 patients underwent both frailty and masseter muscle assess-
ment, of whom a total of 34 (27.6%) patients scored four or higher on the GFI. No differences
were found in GFI > 3 between the LMA group and AMA group (6 (27.3%) versus 28 pa-
tients (27.7%); p = 0.966). Neither difference was found between the LMT group and AMT
group (6 (33.3%) versus 28 patients (26.7%); p = 0.559).

4. Discussion

In this study, preoperative CT-scan-based masseter muscle area and thickness were
associated with adverse surgical outcomes after carotid endarterectomy. Low masseter
muscle thickness was independently associated with a prolonged hospital stay (≥7 days)
and recurrent postoperative ischemic stroke within 5 years. No significant association
between masseter muscle area or thickness and GFI was observed.

The association between the preoperative muscle quantity and quality and surgical
outcomes in oncological and other abdominal surgical patients was previously studied
extensively by using total abdominal muscle area [2,3,12–15], but only a few studies have
shown that measuring the masseter muscle area could also be a valid alternative method for
evaluating generalized muscle status. Wallace et al. reported a reliable approach to measure
the masseter muscle with a significant correlation between the masseter and psoas muscles
in trauma patients [18]. In addition, several studies have validated reproducibility and
the independence of observer bias in measuring the masseter muscle area two centimeters
below the arcus zygomaticus on CT scans [18,20,28,31]. Yamaguchi et al. showed that, in
an elderly population residing in Japan, masseter muscle thickness, as measured by ultra-
sound, was significantly correlated to hand grip strength and walking speed, and therefore
could be a possible method of determining physical frailty [19]. However, in the present
study, although frailty and sarcopenia are frequently overlapping concepts, no statistically
significant association was found between a higher GFI and LMA or LMT. Possibly, as
stated before, the concept of frailty consists of multiple physical and physiological factors
to indicate a state of increased vulnerability, while the presence of low muscle mass only
reflects one part of the physical domain of the concept of frailty [8–10].

Some studies have focused on patient demographics in relation to the masseter muscle
area, but only a few have focused on the association between masseter muscle measure-
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ments and surgical outcomes. A summary of the existing literature on masseter muscle
measures and surgical outcomes is shown in Table 4. Since this summary was not con-
ducted as a systematic review, there is a potential for publication bias in this overview.
Nonetheless, an association between the masseter muscle area and short- and mid-term
patient survival was found in trauma patients [18,28]. In addition, patients with severe
traumatic brain injury and masseter sarcopenia, as defined by a masseter muscle area below
one standard deviation from the sex-based mean, were less often discharged to home, but
more often discharged to other healthcare facilities [28]. Oksala et al. studied the masseter
muscle area and long-term surgical outcomes after carotid endarterectomy [20]. However,
in contrast to the research by Oksala et al., in our study, LMA was not a significant pre-
dictor of diminished long-term patient survival after carotid endarterectomy. The smaller
sample size and low mortality rate in our study probably resulted in an inability to detect a
significant association between the masseter muscle area and survival.

However, despite the low numbers, our multivariable Cox regression analysis showed
a significantly increased hazard ratio for recurrent stroke within 5 years in patients with
LMT. In addition, compared to previous reports on short-term surgical outcomes, our
analysis showed that LMA was significantly associated with a higher CCI and a longer
hospital stay. After adjusting the model for sex, age, BMI, ASA, and complications, both
low masseter thickness and low masseter area remained significantly associated with a
prolonged hospital length of stay. The predictive value of masseter muscle thickness on
the short-term postoperative length of hospital stay and long-term recurrent stroke risk
within 5 years could be of value for future prospective research. Due to the superficial
anatomical position of the masseter muscle, thickness could also be assessed by using point
of care ultrasound (POCUS) [19]. POCUS could be used as a simple bedside tool to assess
the masseter muscle thickness, and it could be a useful method to screen for low muscle
mass in patients without a CT scan [32,33]. However, although POCUS could be used as a
simple bedside tool, it could be considered as more cumbersome to use in the daily clinical
practice, compared with BMI and frailty indices. Nonetheless, as beforementioned, frailty
indices consist of multiple domains, whereas in our study the masseter muscle thickness
was not correlated with these frailty indices. Thereby, regarding BMI, in a recent study
conducted by Arinze et al., ‘underweight’, defined as BMI < 18.5 kg/m2, was associated
with dismal short- and long-term survival [34]. However, in our study, although lower
BMI was associated with LMA and LMT, the mean BMI in these groups would be, in the
study of Arinze et al., classified as ‘normal weight’ (18.5–24.2 kg/m2), and would not be
considered as a risk for dismal surgical outcomes. Therefore, in our opinion, masseter
muscle measurement could be of added value to use as an additional tool in preoperative
risk-assessment, next to existing factors such as frailty indices and BMI.

The results of this study suggest that preoperatively measured masseter muscle size
could be used as a clinical marker to identify vulnerable patients and to contribute to indi-
vidualized preoperative patient care by assessing nutritional status and intensifying dietary
and physical support. However, a note of caution is due here because of the uncertainty in
the literature regarding associations of sarcopenia with outcomes among vascular patients.
For example, the meta-analysis by Houghton et al. was not able to find an association
between CT-assessed sarcopenia and surgical outcomes, while another meta-analysis by
Antoniou et al. found an association. Nonetheless, optimizing a patient’s physical fitness
or nutritional status before a vascular intervention may improve outcomes [35,36]. For ex-
ample, in patients undergoing elective abdominal aortic aneurysm repair, pre-habilitation,
with a supervised exercise program six weeks before the operation, led to fewer postopera-
tive complications and a shorter length of hospital stay [37]. However, in carotid surgery,
according to vascular surgical guidelines, the interval between the (transient) ischemic
cerebral vascular event and the intervention should be less than two weeks, to minimize
the risk of a fatal or disabling stroke [38,39]. The consequences of a possible recurrent event
after delayed treatment outweigh the adverse short-term surgical outcome of a prolonged
hospital stay. Future research should, therefore, focus on the rapid improvement of preoper-
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ative physical conditions after identifying vulnerability by masseter muscle measurements,
or on incorporation of masseter muscle measurements into outpatient follow-ups, when
asymptomatic carotid stenosis is detected.

Several limitations of our study need to be addressed. First, limited research is
available on the mean masseter muscle area and thickness for a given age and sex; therefore,
no validated truncation value was available to compare both groups. Second, it is important
to acknowledge that the study population was small, since a large group of the patients
undergoing carotid endarterectomy had no suitable CT imaging to enable masseter muscle
measurement. Therefore, our study may be underpowered to make a risk-prediction model
and to detect any significant differences in postoperative surgical outcome and survival.
Third, due to the retrospective design of our study, CT scans used for measurements of the
masseter muscle were performed up to 12 months before surgery, which could have caused
either an underestimation or an overestimation of the masseter muscle area or thickness. In
addition, no standardized contrast scan protocol was utilized; thus, the effect of contrast
enhancement on muscle composition varied and, therefore, the masseter muscle density
measures from scan protocols could not be reliably compared [40]. Another limitation,
caused by the retrospective design of the study, is the fact that we were not able to perform
a dental assessment by a dentist. By using anesthesiologists’ reports, we were only able
to determine the use of a dental prosthesis. However, no full assessment of the chewing
ability, oral health, and functionality of the teeth and denture factors could be included
in our analyses. Lastly, due to the tertiary referral nature of our clinic, the patients in this
study were somewhat less generalizable than other cohorts of vascular surgical patients,
therefore, in future research a validation cohort derived from multiple peripheral hospitals
should be collected.

5. Conclusions

Only limited research was conducted on the masseter muscle area or thickness and
post-surgical outcomes. Although not associated with the GFI, the results of this study
identify an important relationship between the masseter muscle thickness and short- and
long-term surgical outcomes after carotid endarterectomy, thereby highlighting the poten-
tial usefulness of the masseter muscle for risk stratification in surgical vascular patients.
Masseter muscle measurement could contribute to, but not determine, individualized
health care. Future prospective research should focus on measuring the masseter mus-
cle area and thickness, both by using CT scans and by using POCUS, in different fields
of surgery.
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Table 4. An overview of existing literature regarding CT-based masseter measurements and surgi-
cal outcome.

Author (Year)
Country [Citation] Population Sample Masseter Measurements Results

Type of
Measurements Mean Outcome Parameters Effect Size

[95%-CI]

Lindström et al. (2021)
Finland [41]

Pre-operative
before mechanical

thrombectomy in acute
ischemic stroke patients

312
Masseter area M 450 mm2

F 360 mm2 3-month survival OR 0.57 [0.35–0.91]
p = 0.02

Masseter density M 65.5 HUF 61 HU 3-month survival OR 0.61 [0.41–0.92]
p = 0.02

Waduud et al. (2020)
United Kingdom [31]

Pre-operative before
carotid endarterectomy 149

Masseter area -

30-day survival HR 0.14 [0–5.44]
p = 0.29

1-year survival HR 0.51 [0.13–2.07]
p = 0.35

4-year survival HR 0.36 [0.13–1.04]
p = 0.06

Overall survival HR 0.38 [0.15–0.97]
p = 0.04

Masseter density -

30-day survival HR 1.03 [0.95–1.10]
p = 0.52

1-year survival HR 0.98 [0.95–1.01]
p = 0.31

4-year survival HR 0.98 [0.96–1.01]
p = 0.24

Overall survival HR 0.97 [0.95–1.00]
p = 0.11

Masseter area ×
masseter density

-

30-day survival HR 0.99 [0.97–1.02]
p = 0.57

1-year survival HR 0.99 [0.98–1.00]
p = 0.20

4-year survival HR 0.99 [0.98–1.00]
p = 0.07

Overall survival HR 0.99 [0.99–1.00]
p = 0.04

Tanabe et al. (2019)
United States of
America [42]

Geriatric trauma
patients (≥65 years)

admitted to the
traumatic ICU

327 Masseter area M 439 mm2

F 348 mm2 1-year mortality HR 2 [1.20–3.10]
p = 0.005

Oksala et al. (2019)
Japan [20]

Pre-operative before
carotid endarterectomy 242

Masseter area M 420 mm2

F 349 mm2

Long-term
survival—Median

follow-up 68 months

HR 0.75 [0.58–0.97]
p = 0.03

Masseter density M 55 HU
F 49 HU

Long-term
survival—Median

follow up 68 months

HR 0.92 [0.76–1.12]
p = 0.43

Hu et al. (2018)
United States of
America [28]

Geriatric trauma
patients (≥55 years)

with sTBI
108

Masseter area M 455 mm2

F 337 mm2 30-day mortality HR 0.78 [0.62–0.97]
p = 0.04

Masseter area
1SD below

sex-based mean
-

Discharge disposition
to home 0% vs. 13%, p = 0.04

30-day mortality OR 2.95 [1.03–8.49]
p = 0.05

Wallace et al. (2016)
United States of
America [18]

Blunt-injured trauma
geriatric patients

(≥65 years)
357 Masseter area M 418 mm2

F 343 mm2 2-year mortality HR 0.76 [0.60–0.96]
p = 0.02

Six studies have reported the association between CT-measured Masseter area or density and outcome after trauma
or surgery. Data regarding mean masseter measurements were listed where available, and main conclusions of
the studies are reported. M: male; F: female; sTBI: severe traumatic brain injury; HU = Hounsfield units; ICU:
Intensive Care Unit.
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