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Abstract

Objective. To quantitatively test the hypothesis that older patients have increased thyroary-
tenoid muscle atrophy by comparing thyroarytenoid muscle volumes across different age groups.
Methods. A retrospective chart review was conducted. The study included 111 patients with
no history of laryngeal pathology. Two investigators reviewed magnetic resonance imaging
studies of these patients and manually traced the thyroarytenoid muscles on multiple slices
bilaterally. Thyroarytenoid muscle volumes were then computed using imaging analysis soft-
ware. Patients were stratified into three age groups (18–50 years, 51–64 years, and 65 years or
older) for comparison.
Results. Intra- and inter-rater reliabilities were excellent for all measurements (intraclass cor-
relation co-efficient > 0.90). There was no statistically significant difference in the mean
volumes of left and right thyroarytenoid muscles in all age and gender groups.
Conclusion. Given the lack of statistically significant difference in thyroarytenoid muscle vol-
ume between age groups on magnetic resonance imaging, the prevailing assumption that age-
related thyroarytenoid muscle atrophy contributes to presbyphonia should be re-examined.

Introduction

With the proportion of elderly individuals continuing to grow in developed countries,
there has been a corresponding increase in older patients seeking medical attention for
voice-related problems.1 As with other physiological processes, voice production is simi-
larly subject to some deterioration. This is due to natural anatomical changes that occur
over time, resulting in the catch-all condition known as presbyphonia, or literally ‘aged
voice’. Common symptoms of presbyphonia include vocal roughness, breathiness, diffi-
culty projecting and increased vocal effort leading to fatigue. Direct visualisation and
pathological examination may reveal atrophied and misshapen vocal folds, and weakening
of adjacent soft tissue.2 These changes are suspected to result from alterations throughout
the larynx, including muscle atrophy, calcification of supporting cartilage, changes in the
extracellular matrix, decreased mucosal integrity and secretions, and decreased neuromus-
cular control.3

The loss of skeletal muscle with ageing is known as sarcopenia, and it is characterised
as gradual loss of muscular mass and functional impairment.4,5 This can be caused by
muscle misuse and disuse, and by nutritional, metabolic and genetic events.4,6 This
same process is suggested to contribute to atrophy of the thyroarytenoid muscles,
which are major structural components of the vocal folds and voice production.3

While it is presumed that this process is responsible for presbyphonia, there are very
few quantitative studies specifically examining the extent of thyroarytenoid muscle atro-
phy in the elderly. Amongst those that exist, there are conflicting data regarding intrinsic
laryngeal muscle atrophy in cadaveric and animal study models.7 A very small number of
studies have used computed tomography (CT) and magnetic resonance imaging (MRI) to
support the atrophy of muscles involved in vocal fold movement in patients with con-
comitant nerve pathology;8–10 and some imaging studies specifically discuss thyroary-
tenoid muscle atrophy.11–14

The impetus for the present study was the relative lack of objective data describing the
thyroarytenoid muscle volume in a population of living adults without neuropathy and
discussing how this quantity changes with age. We therefore used MRI volumetric ana-
lysis to assess whether there are age-related changes to thyroarytenoid muscle volume
in a cohort of patients with otherwise normal larynges.

Materials and methods

Patient selection

This project was approved by the Institutional Review Board of the University of Miami
Miller School of Medicine.

Analysis was conducted on all imaging studies conducted between January 2014 and
December 2016 via Montage (Nuance Communications, Burlington, Massachusetts,
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USA), the University of Miami Picture Archiving and
Communications System search engine. The following
Current Procedural Terminology codes were used: 70540,
70542, 70542 (MRI of orbit, face and neck – without contrast,
with contrast, and with/without contrast, respectively) and
72141, 72142, 72156 (MRI cervical spine – without contrast,
with contrast, and with/without contrast, respectively).

The initial cohort included all male and female subjects
who were aged 18 years or older at the time of imaging.
Subjects were then excluded if there was any evidence of dis-
ease that could affect laryngeal function, including: vocal
fold paralysis, laryngeal tumours, recurrent respiratory papillo-
matosis, vocal fold polyps, skull base cancer, superior media-
stinal cancer, prior radiotherapy, prior thyroid surgery,
tracheostomy, history of sepsis, prolonged intubation, auto-
immune or metabolic disorders, Parkinson’s disease, amyo-
trophic lateral sclerosis, or other neuromuscular disorders.
Technically suboptimal MRI studies with limited evaluation
of the larynx were also excluded from analysis.

A total of 111 patients were included and were stratified
into three age groups: 18–50 years, 51–64 years and 65 years
or older. The cut-off of 65 years was chosen based on its com-
mon use in defining elderly subjects.15 Further analysis was
performed on gender-stratified subgroups, given the smaller
average volume of the thyroarytenoid muscle in female
patients, to ensure that small differences were not missed in
the larger, mixed gender group.

Imaging analysis

All images were obtained in the clinical routine investigation
for various indications by using a Siemens Symphony 1.5
Tesla MRI Scanner. Scans were obtained in 3–4 mm slice
thickness. Images were exported to Aquarius (Terarecon,
Foster City, California, USA), a three-dimensional imaging
analysis program. The vocal folds were traced in an axial
plane by region of interest on multiple slices, to generate
volumes for the right and left thyroarytenoid muscles separ-
ately. Tracings were made via areas of enhancement from
the anterior commissure to the vocal process of the arytenoid
cartilage in the anteroposterior dimension, and the width
included the medial and lateral edges of the enhancing muscle.
For uniformity, all measurements were performed using
T1-weighted images without contrast.

Statistical analysis

Frequencies and proportions were used to summarise categor-
ical variables. Means and standard deviations (SDs) were used
to describe the true vocal fold volume stratified by age group
and side of body. Ninety-five per cent confidence intervals
(CIs) were also constructed for the mean volumes for compari-
sons. Intra- and inter-rater reliabilities were determined using
intraclass correlation co-efficients, with 95 per cent CIs defined
by the value of the co-efficient multiplied by its standard error.
All analyses were performed using SAS statistical software ver-
sion 9.4 (SAS Institute, Cary, North Carolina, USA).

Results

Demographic data

In the group aged 18–50 years, the mean age was 39.84 years
(SD = 7.10), with an age range of 25–50 years. There were 22

male patients and 16 females in that group. In the group
aged 51–64 years, the mean age was 57 years (SD = 4.78),
with an age range of 51–64 years. That group comprised 20
male patients and 18 females. In the group aged 65 years or
older, the mean age was 72.69 years (SD = 5.31), with an age
range of 65–89 years. There were 27 male patients and 8
females in that group (Table 1).

Statistical findings

The mean volumes of the right and left thyroarytenoid muscles
were 0.5788 cm3 and 0.5728 cm3 in patients aged 18–50 years,
0.5799 cm3 and 0.5781 cm3 in patients aged 51–64 years, and
0.6291 cm3 and 0.6300 cm3 in patients aged 65 years or above,
respectively. The volume of the thyroarytenoid muscle
remained relatively consistent across all age groups, with a
lack of statistically significant difference when examining the
association between thyroarytenoid muscle volume and age
(Table 2, Figure 1). A weak positive relationship between age
and thyroarytenoid muscle volume was demonstrated via scat-
ter plot (Figure 2).

The thyroarytenoid muscle volume remained consistent
across all age groups when considering men alone and
women alone, with a lack of statistically significant difference
between muscle volume and age (Tables 3 and 4, Figures 3
and 4). A weak relationship between age and thyroarytenoid
muscle volume amongst men alone and women alone was
also demonstrated via scatter plot (data not shown).

All intra- and inter-rater analyses showed excellent reliabil-
ity (intraclass correlation co-efficient > 0.90), suggesting min-
imal difference between raters and good consistency of each
individual rater.

Discussion

The process of age-related skeletal muscle changes is well
described for many areas of the body, but the picture is less
clear as to how these may affect the laryngeal muscles.
Sarcopenia may result from a number of factors, including
reduction in the axon terminal area, changes in synaptic struc-
tural architecture, increases in mitochondrial abnormalities,14

and narrowing of capillaries and small vessels resulting in
morphological and functional changes.16

Similar to the ageing process that occurs in skeletal muscle
elsewhere in the body, the laryngeal structures undergo various
modifications with ageing: cartilage calcification, decreased
neuromotor transmission speed, reduced number of mucous
glands, decreased elastic fibres in the lamina propria, increased
collagen fibres, epithelial atrophy, decreased hyaluronic acid

Table 1. Demographic data for the three age groups

Age groups (years)

Characteristic 18–50 51–64 ≥65

Group size (n) 38 38 35

Mean age (SD)
(years)

39.84 (7.10) 57.00 (4.78) 72.69 (5.31)

Gender (n (%))

– Male 22 (57) 20 (53) 27 (77)

– Female 16 (43) 18 (47) 8 (33)

SD = standard deviation
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concentration, and suspected atrophy of the intrinsic and
extrinsic muscles.17 However, the thyroarytenoid muscle age-
ing process seems to differ compared with other skeletal mus-
cles and is a significant point of controversy.14 Most notable is
the inconsistency seen in the literature regarding the loss of
type I versus type II fibres in the thyroarytenoid muscle.13

One study by Malmgren et al. examined 28 larynges from sub-
jects aged 26–97 years, and found a selective loss of type I
fibres with age. The authors also noted a trend towards com-
pensatory hypertrophy of the remaining type I fibres.18 This
could explain our findings of persistence in volume, which
could occur despite the loss of different types of fibres within
the thyroarytenoid muscles.

In an animal study, Nishida et al. compared the number
and diameter of laryngeal intrinsic muscle fibres, examined
contractile protein composition, and performed quantitative
analysis of subneural apparatuses in adult and aged Wister
rats.19 In elderly rats, there was a significant decrease in the
diameter and number of cricothyroid muscle fibres, and a
decrease in the number but not the diameter of the thyroary-
tenoid muscles. No decrease was observed in the number or
diameter of posterior cricoarytenoid muscle fibres. These
results appear to show a relative susceptibility of the cricothyr-
oid muscle to the effects of ageing, as compared to the poster-
ior cricoarytenoid and thyroarytenoid muscles.

A study by Ziade et al. examined thyroarytenoid muscle
uptake in CT-fused fluorodeoxyglucose (18FDG) positron
emission tomography (PET/CT), and found no significant dif-
ference in uptake between subjects older than and younger
than 65 years old.11 However, on CT, there was a decrease
in attenuation of the thyroarytenoid muscle, as measured in
Hounsfield units, between these two age groups, suggesting

that there may be measurable metabolic differences associated
with ageing. Nevertheless, this was contradicted by the
unchanged 18FDG uptake on PET scanning and does not com-
pletely support the presence of thyroarytenoid muscle atrophy.
The same author group also recently published a study exam-
ining thyroarytenoid muscle volume via MRI, which revealed
no significant size difference between 40 patients aged under
65 years and 40 patients aged 65 years or older.13

In senescent vocal folds, there is characteristic disruption of
the extracellular matrix, including reduction of hyaluronic
acid, resulting in decreased vocal fold volume and commonly
experienced symptoms of presbyphonia.20 While there is
strong literature support for changes in the extracellular matrix
contributing significantly to the symptoms and appearance of
the vocal folds in presbyphonia, much remains to be eluci-
dated about the pathophysiology of the thyroarytenoid muscle

Table 2. Right and left thyroarytenoid muscle volumes in all patients

Side Parameter

Age groups (years)

18–50* 51–64† ≥65‡

Right Mean volume (cm3) 0.5788 0.5799 0.6291

95% CI 0.5062, 0.6515 0.4934, 0.6664 0.5361, 0.7220

SEM 0.0727 0.0865 0.0930

Left Mean volume (cm3) 0.5728 0.5781 0.6300

95% CI 0.5032, 0.6423 0.4888, 0.6673 0.5293, 0.7308

SEM 0.0696 0.0893 0.1008

*n = 38; †n = 38; ‡n = 35. CI = confidence interval; SEM = standard error of the mean

Right Left

Fig. 1. True vocal fold volume by age groups and sides.

Fig. 2. Scatter plot (regression line with slope and intercept) showing a very weak
positive correlation between age and thyroarytenoid muscle volume for (a) right
and (b) left sides.
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itself in both this disease entity and in presumably healthy
larynges. This prompted the present study to search for object-
ive evidence of age-related changes to the thyroarytenoid
muscle.

We found no statistically significant difference in thyroary-
tenoid muscle volume across any of the studied age groups,
suggesting that the thyroarytenoid muscles may not be as sus-
ceptible to atrophy as previously thought. At face value, this
makes a certain degree of sense, as the thyroarytenoid muscles
are under continuous daily use, and, barring nutritional defi-
ciency and protein wasting, they should not generally be sub-
ject to sarcopenia. Therefore, while atrophy may be observed
to exist in certain patients, this may not be a widespread
phenomenon in the elderly population. One might further
postulate that the common, characteristic symptoms of presby-
phonia may therefore not be due to atrophy of the thyroaryte-
noid muscle, but instead to the many changes that have been

proven to occur in the extracellular matrix. On a practical level,
this finding could guide clinical treatment of patients with
presbyphonia away from paraglottic space augmentation and
towards revitalisation of the lamina propria, though there is
literature support for both methods.21–26

This retrospective study is necessarily limited by selection
bias, the absence of subjective and objective voice measure-
ments, and a lack of knowledge of any phonatory behaviour
or co-morbid medical problems that might have affected
vocal function and imaging analysis. There is also the question
of whether the study has actually determined a negative find-
ing, or whether a larger sample size is necessary to detect a dif-
ference between the age groups. Additional volumetric
research is needed to examine the differences between healthy
elderly controls and patients with known presbyphonia, to
determine whether atrophy of the thyroarytenoid muscle con-
tributes in any meaningful way to this condition.

Table 3. Right and left thyroarytenoid muscle volumes in female patients

Side Parameter

Age groups (years)

18–50* 51–64† ≥65‡

Right Mean volume (cm3) 0.445125 0.4695556 0.348

95% CI 0.3610302, 0.5292198 0.3888718, 0.5502394 0.2592839, 0.4367161

SEM 0.0840948 0.0806838 0.0887161

Left Mean volume (cm3) 0.4450625 0.4783333 0.3467143

95% CI 0.3601827, 0.5299423 0.3897909, 0.5668758 0.2452216, 0.448207

SEM 0.0848798 0.0885425 0.1014927

*n = 16; †n = 18; ‡n = 7. CI = confidence interval; SEM = standard error of the mean

Table 4. Right and left thyroarytenoid muscle volumes in male patients

Side Parameter

Age groups (years)

18–50* 51–64† ≥65‡

Right Mean volume (cm3) 0.676 0.67925 0.6993214

95% CI 0.582111, 0.769889 0.5392259, 0.8192741 0.6007747, 0.7978681

SEM 0.093889 0.1400241 0.0985467

Left Mean volume (cm3) 0.6656364 0.6678 0.7008929

95% CI 0.5776707, 0.7536021 0.5217462, 0.8138538 0.5914629, 0.8103228

SEM 0.0879657 0.1460538 0.1094299

*n = 22; †n = 20; ‡n = 28. CI = confidence interval; SEM = standard error of the mean

Fig. 3. True vocal fold volume in female patients categorised by age groups and
sides.

Fig. 4. True vocal fold volume in male patients categorised by age groups and sides.
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• Presbyphonia is a growing worldwide problem, though
pathophysiology is somewhat unclear

• Proposed mechanisms include sarcopenia in thyroarytenoid
muscles and changes to lamina propria

• Science and clinical research findings conflict: some studies
show muscle atrophy in aged larynges, others show no
atrophy

• A few imaging studies have assessed possible thyroarytenoid
muscle volume decreases as a function of age, with recent
studies showing no atrophy

• The present study, with a larger patient cohort and age
stratification, showed no difference in thyroarytenoid muscle
volume as a function of age

• Results suggest that muscle atrophy is not responsible for
most presbyphonia cases; treatment should focus on lamina
propria revitalisation

Conclusion

The present study found no evidence of age-related thyroary-
tenoid muscle atrophy in the elderly population. Though
histological changes with ageing may affect the thyroarytenoid
muscles as previously reported, there are no observed changes
in muscle volume. Further areas for exploration with MRI
volumetric analysis could include cohort studies of presbypho-
nic patients and age-matched controls.
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