
INTRODUCTION

Dysphagia is one of the most common complications in 
patients with stroke. Up to 65% of such patients develop 

post-stroke dysphagia (PSD) [1]. PSD is not only associ-
ated with quality of life (QOL) in stroke patients, but also 
with complications such as aspiration pneumonia, mal-
nutrition, and dehydration. It is also linked to death and 
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long-term negative prognosis [2]. In the presence of aspi-
ration, the risk of aspiration pneumonia is approximately 
seven-fold higher than in the group without aspiration. 
The presence or absence of aspiration is, therefore, an 
important risk factor associated with the development of 
pneumonia in stroke patients, underscoring the need for 
early diagnosis of dysphagia and appropriate manage-
ment.

Patients afflicted with stroke exhibit delayed swallow-
ing reflexes and impaired pharyngeal contractions due to 
motor weakness and volitional motor control. Although 
the risk of dysphagia also depends on the sites of the le-
sion [3,4], it is important to measure key indicators re-
lated to the tongue and suprahyoid muscles.

The suprahyoid muscle plays an important role in air-
way protection and the opening of the upper esophageal 
sphincter, via anterior and superior displacement of the 
hyoid bone in the pharyngeal phase. Thus, it is a major 
target in the rehabilitation of patients with dysphagia [5-
8]. Part of the suprahyoid muscle is attached to the man-
dible, forming the floor of the oral cavity, and together 
with the intrinsic and extrinsic tongue muscles partici-
pates involuntary tongue protrusion [9-11]. The tongue 
plays an important role in normal swallowing function by 
facilitating bolus transport in the oral phase, but also me-
diates laryngeal elevation and closure in the pharyngeal 
phase [12].

Many studies have revealed the link between PSD and 
one of the tongue-related indicators [13-15]. Studies have 
reported an increase in tongue pressure and suprahyoid 
activity with increased maximal tongue protrusion length 
(MTPL) [13,16-18]. Recent studies suggest a correlation 
between MTPL and tongue strength and MTPL and su-
prahyoid activity [16,18,19]. We, therefore, hypothesized 
that MTPL, along with tongue pressure and suprahyoid 
muscle activity, are also important indicators in evaluat-
ing dysphagia. However, the relationship between MTPL 
and PSD has yet to be elucidated.

Bedside screening tests for patients with acute stroke 
include the Gugging Swallowing Screen (GUSS), Johns 
Hopkins Hospital Brain Rescue Unit Modified 3 oz Swal-
low Screen, and the water swallow test [20-22]. However, 
these screening tests are designed to evaluate signs of as-
piration such as reflex cough, and almost 40% of them fail 
to identify PSD because they are unable to exclude silent 
aspiration [23].

The purpose of this study was to investigate the rela-
tionship between MTPL and the presence of dysphagia 
in post-stroke patients. We set a cut-off value for a second 
goal, which was used as a screening test to determine 
whether or not the tongue length reflects PSD.

MATERIALS AND METHODS

This study was designed as a prospective cross-section-
al study.

Participants
Patients with stroke undergoing rehabilitation at De-

partment of Physical Medicine and Rehabilitation at 
Soonchunhyang University Seoul Hospital were recruited 
from April, 2020 to March, 2021. The study was approved 
by the Institutional Review Board of Soonchunhyang 
University Seoul Hospital (No. SCHUH 2020-10-023). All 
participants were evaluated via tongue length examina-
tion and videofluoroscopic swallowing study (VFSS) in 
the study.

Inclusion criteria were (1) stroke, confirmed by mag-
netic resonance imaging and/or computed tomography; 
(2) symptoms and/or signs of dysphagia after stroke 
(choking, cough, wet voice after swallowing or a history 
of aspiration pneumonia); (3) evaluation by VFSS; and (4) 
ability to follow the physician’s orders.

Exclusion criteria were (1) difficulty understanding the 
examination due to cognitive impairment, psychiatric 
disorders or hearing loss; (2) refusal to participate in the 
study; (3) tongue deformity due to medical disease, or re-
section of the tongue; and (4) deformity of the maxillary 
central incisor due to disease or trauma.

Before commencing the study, the purpose, risks, and 
procedures involved were explained to all participants, 
who were then asked to provide written informed con-
sent.

Measurement of tongue length
Tongue length was evaluated by measuring the MTPL 

in maximal volition, and the free tongue length (FTL) in 
resting state [16].

MPTL was measured with a transparent plastic ruler, 
whereas FTL was determined using a quick tongue-tie 
assessment tool by a blinded examiner (one physiatrist). 
These measurements were recorded in centimeter up to 
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one decimal place. 
MTPL was defined as the distance from the tip of the 

tongue to the upper incisor at complete protrusion [17] 
(Fig. 1A). In the dangling sitting position, the patient was 
asked to protrude the tongue as far as possible and main-
tain a flat tongue. Measurement of MTPL was repeated 
three times with 60 seconds of rest in between the trials. 
The maximum and average values were then recorded.

FTL was defined as the length from the tongue-tie to 
the tip of the tongue in resting state, following Kotlow’s 
free-tongue measurement [24] (Fig. 1B). The length of the 
fully extended tongue in the dangling sitting position was 
measured from the lingual frenulum to the tip.

These measurements were performed before the pa-
tient underwent the VFSS on the same day. The partici-
pants were allowed 10 minutes to familiarize themselves 
with the tasks before performing the measurements. The 
evaluation was conducted after 5 minutes to exclude the 
effects of learning curve, and to improve the reliability of 
the measurements.

Because tongue length varies from person to person, 
we calculated the ratio of MTPL to FTL (RMF) to reflect 
the difference. The inter-session reproducibility of the 
measurement was confirmed before the study. In this 
study, two rehabilitation medicine residents measured 
the FTL and MTPL and calculated the RMF in 10 patients 
to evaluate the inter-investigator consistency of tongue 
length measurement. 

VFSS protocol and interpretation
Swallowing function was confirmed by VFSS in all pa-

tients. A modified version of the Logemann protocol was 
used to perform the VFSS [11]. The videofluoroscopy 
instrument was placed lateral to the patients. First, using 
a spoon, patients were provided 5 mL of yogurt (Interna-
tional Dysphagia Diet Standardization Initiative [IDDSI] 
level 4) to swallow, followed by 4 g of cooked rice with 
barium (IDDSI level 7), and finally, 5 mL of water with 
diluted barium (IDDSI level 0). The entire procedure was 
recorded. The results of the VFSS were scored on the Vid-
eofluoroscopic Dysphagia Scale (VDS), Functional Oral 
Intake Scale (FOIS), and Penetration-Aspiration Scale 
(PAS) [25,26]. The results were analyzed by a physiatrist 
who was experienced in VFSS reading.

VDS is a reliable and objective predictor of dysphagia 
after stroke, with sensitivity and specificity of 0.91 and 
0.92, respectively [25]. It consists of 14 factors ranging 
from 0 to 100. Higher scores are related to more severe 
dysphagia.

FOIS was scored using the recommended diet accord-
ing to the VFSS results [25]. Swallowing function is graded 
according to the patients’ dietary limitations from grade 
1 (no oral feeding) to grade 7 (no limitation of diet).

The PAS is frequently used to evaluate pharyngeal dys-
phagia. Higher PAS scores reflect higher levels of severe 
pharyngeal dysphagia [26]. PAS 1 is a normal swallow 
with no material in the airway, whereas scores of 2–5 in-
dicate penetration, and scores of 6–8 indicate aspiration.

Statistical analysis
Appropriate number of subjects for this research was 

calculated by using the method mentions in easy receiver 
operating characteristic (ROC): an interactive web-tool 
for ROC curve analysis using R language environment 
[27], with reference to the previous study on the relation-
ship between tongue strength and aspiration [28]. 

All data were analyzed with SPSS for Windows (version 
23.0; IBM Inc., Armonk, NY, USA). Raw data were used to 
analyze the tongue length. Descriptive statistics and tests 
for normality (Shapiro-Wilk test) were performed for all 
outcome variables. 

Two sample t-tests and a Mann-Whitney U test were 
used to compare continuous variables between two 
groups (aspirator vs. non-aspirator) according to the 
Shapiro-Wilk test. Pearson correlation analysis and 
Spearman rank correlation were used to evaluate the cor-
relation between each tongue length measurement and 

A B

Fig. 1. Measurement of tongue length parameters: (A) 
MTPL and (B) FTL using quick tongue-tie assessment 
tool. Ratio of MTPL to FTL was calculated by dividing 
MTPL by FTL. MTPL, maximal tongue protrusion length; 
FTL, free tongue length.
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the swallowing function scale. A ROC curve was used to 
evaluate the sensitivity and specificity of RMF in the pres-
ence of aspiration. The intraclass correlation coefficient 
(ICC) was obtained based on the agreement between two 
examiners established using a two-way mixed model. 
Statistical significance was set at p<0.05.

RESULTS

The study involved 47 post-stroke patients includ-

ing 32 (68%) diagnosed with an ischemic stroke and 15 
(32%) with intracranial hemorrhage. The length of stay 
for stroke in participants averages 196.98 days, and the 
median value was 27 days (min–max, 3–1,942). Baseline 
characteristics of participants are summarized in Table 1. 

The participants were divided into two groups (aspirator 
and non-aspirator) according to the PAS score. The aspi-
rator group included patients who scored a PAS score 6 or 
higher in any food material (semisolid, solid or liquid).

There was no significant difference between the two 

Table 1. Participants’ baseline characteristics (n=47)

Non-aspirator (n=28) Aspirator (n=19) p-value
Age (yr) 65.11±12.51 69.79±12.23 0.21

Sex

   Male 16 (57.14) 13 (68.42) 0.63

   Female 12 (42.86) 6 (31.58)

Length of stay 27 (14.75–100.5) 38 (17.5–116.5) 0.64

Stroke etiology

   Ischemic stroke 18 (64.29) 14 (73.68) 0.72

   ICH 10 (35.71) 5 (26.32)

Stroke laterality

   Right 14 (50.0) 7 (36.84) 0.19

   Left 12 (42.86) 7 (36.84)

   Bilateral 2 (7.14) 5 (26.32)

Lesion location

   Brainstem lesion 9 (32.14) 9 (47.37) 0.45

   Non-brainstem lesion 19 (67.86) 10 (52.63)

Values are presented as mean±standard deviation or number (%) or median (interquartile range).
ICH, intracranial hemorrhage.

Table 2. Comparison of tongue length parameters and dysphasia scales between aspirator and non-aspirator groups

Non-aspirator (n=28) Aspirator (n=19) p-value
Tongue length parameter

    FTL 2.96±0.62 3.22±0.63 0.16

    MTPL 5.38±1.24 4.35±1.13 0.005*

    RMF 1.89±0.35 1.38±0.22 <0.001*

Dysphagia scale

    VDS 18.32±11.84 40.24±9.13 <0.001*

    FOIS 6 (6–7) 2 (1–4) <0.001*

    PAS 2 (1–3) 8 (7–8) <0.001*

Values are presented as mean±standard deviation or median (interquartile range).
FTL, free tongue length; MTPL, maximal tongue protrusion length; RMF, ratio of MTPL to FTL; VDS, videofluoroscop-
ic dysphagia scale; FOIS, Functional Oral Intake Scale; PAS, Penetration-Aspiration Scale.
*p<0.05, Mann-Whitney U test.
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groups in baseline characteristics. The patients were di-
vided into groups based on the presence of aspiration, as 
indicated by the VFSS findings. Mann-Whitney U test was 
used to analyze the three swallowing function scales (PAS, 
FOIS, and VDS) according to the normality test results. 
All of these scales revealed statistical differences between 
the two groups (p<0.001).

FTL and the swallowing function 
FTL showed no statistical difference between aspirators 

and non-aspirators (2.96±0.62 vs. 3.22±0.63; p=0.16). Cor-
relation analyses between the swallowing function scales 
also indicated no associations (VDS r=0.125, p=0.41; PAS 

ρ=0.238, p=0.11; FOIS ρ=-0.136, p=0.36) (Table 2).

MTPL and swallowing function 
MTPL confirmed a significant difference between the 

two groups, and the non-aspirator group showed a larger 
value than the aspirator group (5.38±1.24 vs. 4.35±1.13; 
p=0.005). 

MTPL was correlated with three swallowing function 
scales; higher MTPL was associated with lower VDS and 

PAS scores, and improved FOIS scores (VDS r=-0.456, 
p=0.001; PAS ρ=-0.475, p<0.001; FOIS ρ=0.513, p<0.001) 
(Fig. 2).

RMF and swallowing function 
RMF also established a significant difference between 

the two groups, with the non-aspirator group showing 
a larger value than the aspirator group (1.89±0.35 vs. 
1.38±0.22; p<0.001).

Similar to MTPL, RMF was also correlated with the 
three swallowing function scales (VDS r=-0.663, p<0.001; 
PAS p=-0.772, p<0.001; FOIS p=0.717, p<0.001) (Fig. 3). 
Even when partial correlation coefficients were obtained 
with MTPL as a control variable, RMF showed a sig-
nificant association with the three swallowing function 
scales (VDS r=-0.544, p<0.001; PAS ρ=-0.691, p<0.001; 
FOIS ρ=0.592, p<0.001). 

The cut-off value of RMF for aspiration prediction was 
1.56; the sensitivity was 84% ​​and specificity was 86% on 
the ROC curve (positive predictive value 80%; negative 
predictive value 89%; 95% confidence interval [CI], 0.81–
0.99) (Fig. 4). 
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Fig. 2. Correlation between MTPL and dysphagia scales. (A) Videofluoroscopic Dysphagia Scale (VDS). (B) Penetra-
tion-Aspiration Scale (PAS) score. (C) Functional Oral Intake Scale (FOIS). MTPL, maximal tongue protrusion length. 

Table 3. Inter-rater reliability of tongue length measurements

ICC
95% CI

F p-value
Lower Upper

FTL 0.987 0.948 0.997 70.21 <0.001*

MTPL 0.999 0.998 0.999 1,600.48 <0.001*

RMF 0.995 0.981 0.999 186.90 <0.001*

FTL, free tongue length; MTPL, maximal tongue protrusion length; RMF, ratio of the MTPL to the FTL; ICC, intraclass 
correlation coefficient; CI, confidential interval.
*p<0.05.
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ICC of tongue length measurements
An ICC value of 0.9 or higher was obtained for the three 

tongue length measurement methods (Table 3).

DISCUSSION

This study confirmed the association between FTL, 
MTPL and RMF, and PSD. The smaller the MTPL and 
RMF, the worse was the swallowing function. There was 
no association between FTL and PSD. 

No previous studies investigated the association be-
tween MTPL and dysphagia. MTPL is inevitably affected 
by the tongue length. The tongue is a soft tissue, chang-
ing its shape and length depending on its posture along 
with that of the mouth. Further, the person-to-person 

variation is large. In general, tongue length itself is not 
significantly related to the pharyngeal phase of the swal-
lowing process. The tongue is anatomically divided into 
base of tongue (posterior one-third) and oral tongue (an-
terior two-thirds) depending on whether or not they are 
attached to the base. The swallowing function is related 
to the volume of the base of the tongue than to the oral 
tongue [29]. Therefore, this study calculated RMF to min-
imize the effect of the tongue itself on MTPL. The results 
of this study also revealed that RMF had a greater correla-
tion with swallowing function parameters including PAS, 
than MTPL (ρ=-0.7716 vs. ρ=-0.4747). 

Tongue movement is controlled by three muscle 
groups: intrinsic, extrinsic and suprahyoid muscles. In-
trinsic tongue muscles play a role in changing the shape 
of the tongue, whereas extrinsic and suprahyoid muscles 
control the tongue position within the oral cavity [9-
11]. Pittman et al. [30] used electromyography (EMG) to 
determine the action of intrinsic and extrinsic tongue 
muscles during tongue protrusion in normal persons. As 
a result, the extrinsic tongue muscle is involved in deter-
mining the anterior-posterior tongue location, and the 
intrinsic tongue muscle serves as a propulsive force to 
ensure functioning. In the early stage of maximal tongue 
protrusion, most of the protrusion occurs via intrinsic 
and extrinsic tongue muscles, but further protrusion 
increases the suprahyoid muscle activity [9-11]. In the 
normal deglutition process, differences occur depending 
on the properties of the bolus; however, the tongue pres-
sure and suprahyoid control tongue movements simul-
taneously from the early stage of the oral phase [31,32]. 
Taniguchi et al. [33] measured suprahyoid muscle activity 
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according to tongue position in normal subjects using 
surface EMG and confirmed that suprahyoid activity 
increased under tongue protrusion. Thus, tongue move-
ment is closely related to suprahyoid muscle activity.

MTPL is the length from the upper incisor to the tip of 
the tongue, and indicates the tongue length when mea-
sured from the oral cavity. It can enable the identification 
of the tongue location in the oral cavity. Therefore, the 
intrinsic and extrinsic tongue muscles together with su-
prahyoid muscles determine the MTPL. 

FTL is the length from the frenulum insertion to the tip 
of the tongue. It is a widely used index in the diagnosis 
and classification of ankyloglossia. The shorter the FTL, 
the more severe is the limitation of tongue mobility [19]. 
FTL is used to measure the length of a part of the intrinsic 
tongue muscle, excluding the extrinsic tongue muscle 
and suprahyoid muscle. The RMF, which is the ratio 
obtained by dividing the MTPL by the FTL, reflects the 
extrinsic tongue muscle and suprahyoid muscle activity 
more relatively.

The relationship between MTPL and PSD is based on 
tongue strength and suprahyoid muscle activity.

Tongue strength
To evaluate tongue strength, many studies have mea-

sured tongue pressure generated by intrinsic and ex-
trinsic tongue muscle activity. In a study conducted by 
Robbins et al. [34] involving patients with post-stroke 
dysphagia, an increase in tongue volume was confirmed 
on MRI in patients with increased maximum swallowing 
tongue pressure after lingual exercise.

Tongue pressure plays a role in bolus formation and 
transport processes in the oral phase of normal degluti-
tion. Mid-to-median tongue pressure is an important fac-
tor in bolus transport, especially during the ingestion of 
semisolid foods [31]. Posterior tongue pressure also plays 
an important role in establishing the swallowing pres-
sure necessary to transfer the bolus into the hypopharynx 
during the pharyngeal phase [35]. Previous studies have 
demonstrated the association between tongue pressure 
and oral dysphagia [13,36]. Tongue pressure is particu-
larly associated with bolus formation, mastication, and 
oral clearance. 

Kim et al. [14] reported that tongue-to-palate resis-
tance training for 4 weeks in subacute stroke patients 
with dysphagia resulted insignificant improvement in 

both the oral and pharyngeal phases of VDS, along with 
an increase in tongue strength. Previous studies have re-
vealed a relationship between MTPL and tongue pressure 
[16]. These studies confirmed that the longer the MTPL, 
the greater was the posterior tongue pressure in normal 
adults.

Taken together, tongue pressure represents an index 
of the oral and pharyngeal phases of deglutition, and is 
positively correlated with MTPL.

Suprahyoid muscle activity
MPTL and RMP also reflect suprahyoid muscle activ-

ity. As previously described, the suprahyoid muscle is 
involved in tongue protrusion. A study using surface 
EMG reported that the suprahyoid muscle activity is in-
creased by the extent of tongue protrusion [16]. Among 
the suprahyoid muscles, the geniohyoid and mylohyoid 
muscles are attached to the mandible and hyoid bone. 
They generate hyoid bursts during normal swallowing 
and the progression to the pharyngeal phase. They also 
act in conjunction with the infrahyoid muscle to provide 
laryngeal elevation and regulate airway protection during 
swallowing.

The suprahyoid muscle is also involved in the oral 
phase. When ingesting semisolids or liquid, it elevates 
the floor of the oral cavity and facilitates bolus transport 
[32]. In addition, the volume of the geniohyoid muscle 
also affects tongue pressure [37]. Therefore, MTPL can be 
used to predict dysphagia based on tongue pressure and 
suprahyoid muscle activity. 

However, MTPL is greatly affected by tongue length, 
which varies from person to person, suggesting limitation 
in setting a standardized cut-off value based on MTPL 
alone. Therefore, in this study, RMF was calculated. RMF 
has high specificity for the aspiration observed in VFSS, 
suggesting its role as a screening tool for PSD. According 
to the results of this study, at a cut-off value of 1.56, the 
RMF has a sensitivity of 0.842 and a specificity of 0.857 for 
aspiration.

We propose advantages of RMF when compared to 
screening tests such as the GUSS, Johns Hopkins Hospital 
Brain Rescue Unit Modified 3 oz Swallow Screen, and the 
water swallow test, which are applied in clinical practice 
for PSD.

(1) �The traditional bedside screening tests evaluated 
the presence or absence of dysphagia by monitor-
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ing symptoms for aspiration such as reflex cough, 
suggesting poor sensitivity for silent aspiration. In 
contrast, RMF can be used to evaluate tongue and 
suprahyoid muscle strength regardless of aspiration 
symptoms, and thus the risk of silent aspiration can 
also be evaluated.

(2) �Compared with other screening tests, RMF evalu-
ation is based on fewer items; and is a simple and 
user-friendly tool.

(3) �Other screening tests are based on subjective cri-
teria such as “intact,” “inadequate,” or “none,” for 
each evaluated item, whereas RMF presents a clear 
and objective cut-off value.

In the case of the water swallow test, which has been 
widely used to evaluate swallowing function, the sensi-
tivity of predicting the risk of aspiration in stroke patients 
was 64%–79%, and the specificity was 61%–81% [37].

The relatively recent Johns Hopkins Hospital Brain Res-
cue Unit Modified 3 oz Swallow Screen, a screening test 
consisting of a water swallow test and a clinical examina-
tion, yielded a sensitivity of 46% and a specificity of 100% 
in stroke patients [22].

In the case of GUSS, the overall sensitivity of predicting 
the risk of aspiration in stroke patients was 96.5% and the 
specificity was 55.8%; however, the sensitivity and speci-
ficity differ according to the patient’s National Institutes 
of Health Stroke Scale (NIHSS) score (NIHSS <5 group, 
sensitivity of 71.4% and specificity of 88.8%; NIHSS >15 
group, sensitivity of 100%, specificity of 20%) [20].

The sensitivity and specificity of RMF is better than that 
of these commonly used screening tests.

This study has several limitations. (1) Since this study 
involved a heterogenous group, a larger study popula-
tion and a more homogenous sample are needed. (2) In 
this study, the causal relation could not be confirmed 
due to lack of long-term observation. Therefore, subse-
quent studies with long-term observation are required. 
(3) RMF requires active cooperation of patients and is of 
limited value in those with cognitive impairment, and 
is difficult to utilize in patients with poor coordination. 
However, inter-rater reliability was high, so challenges 
associated with measurement difficulty were minimal. (4) 
In addition, since most stroke patients are elderly, dental 
defects may limit the use of MTPL when both maxillary 
central incisors are defective. (5) We did not evaluate the 
relationship between the tongue length parameters and 

swallowing function in a healthy population. There have 
been no previous studies evaluating the relationship be-
tween MTPL and swallowing function in a healthy popu-
lation. Therefore, we should be careful when interpreting 
the results of this study.

In conclusion, MTPL and RMF were associated with the 
presence of dysphagia in post-stroke individuals, con-
firming the utility of RMF in predicting dysphagia in such 
patients. Clinical application of RMF requires further 
studies involving larger populations comprising diverse 
patient groups.
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