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Abstract
Lingual resistance training has been proposed as an intervention to improve decreased tongue pressure strength and endurance 
in patients with dysphagia. However, little is known about the impact of lingual resistance training on swallow physiology. 
This systematic review scrutinizes the available evidence regarding the effects of lingual resistance training on swallowing 
function in studies using Videofluoroscopic Swallowing Studies (VFSS) with adults. Seven articles met the inclusion criteria 
and underwent detailed review for study quality, data extraction, and planned meta-analysis. Included studies applied this 
intervention to a stroke and brain injury patient populations or to healthy participants, applied different training protocols, and 
used a number of outcome measures, making it difficult to generalize results. Lingual resistance training protocols included 
anterior and posterior tongue strengthening, accuracy training, and effortful press against hard palate with varying treatment 
durations. VFSS protocols typically included a thin barium stimulus along with one other consistency to evaluate the effects 
of the intervention. Swallowing measures included swallow safety, efficiency, and temporal measures. Temporal measures 
significantly improved in one study, while safety improvements showed mixed results across studies. Reported improve-
ments in swallowing efficiency were limited to reductions in thin liquid barium residue in two studies. Overall, the evidence 
regarding the impact of lingual resistance training for dysphagia is mixed. Meta-analysis was not possible due to differences 
in methods and outcome measurements across studies. Reporting all aspects of training and details regarding VFSS protocols 
is crucial for the reproducibility of these interventions. Future investigations should focus on completing robust analyses 
of swallowing kinematics and function following tongue pressure training to determine efficacy for swallowing function.
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Introduction

Lingual resistance training has emerged as an intervention 
for the rehabilitation of swallowing impairment, based on 
the fact that reduced tongue pressures have been found in 
adults with neurogenic dysphagia [1–3]. A recent systematic 

review by McKenna et al. [4] found converging evidence 
that gains in tongue strength can be expected after a course 
of isometric lingual strength training, but concluded that it 
remains unclear whether these strength gains generalize to 
improvements in swallow function. The intent of this sys-
tematic review is to look deeper into reported changes in 
swallowing function following lingual resistance training. 
We were specifically interested to scrutinize research using 
videofluoroscopic swallowing studies (VFSS) to measure 
changes in swallowing function, to evaluate and methodo-
logically compare the VFSS protocols that have been used, 
and, if possible, to synthesize results across studies.

The tongue plays an important role in swallow function 
as it is composed of an intricate muscle structure allow-
ing for fast and flexible posturing during oral functions 
[5–7]. During swallowing, its intrinsic and extrinsic mus-
cles function synergistically to aid in bolus containment, 
loading, and the generation of a driving force exerted on 
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the bolus to propel and squeeze it through the oropharynx 
[8–14]. Tongue strength has been investigated in a num-
ber of patient populations, including Parkinson disease 
[15–17], head and neck cancer [18–21], oculopharyngeal 
muscular dystrophy [22, 23], acquired brain injury [2], 
and cerebrovascular accident [1, 3]. Acute neurological 
impairments, such as stroke and brain injury, along with 
other progressive impairments, such as Parkinson dis-
ease, are known to be associated with high rates of swal-
lowing impairment or oropharyngeal dysphagia [24]. In 
these patient populations, the tongue may fail to contain 
the bolus in the mouth or generate the necessary force to 
propel the bolus into the pharynx in a coordinated and 
controlled manner. Potential functional consequences of 
tongue weakness include impairments in swallow time-
liness and airway closure resulting in penetration and/
or aspiration (safety concerns) and the accumulation of 
residual material in the oropharyngeal cavities (efficiency 
concerns) [25].

Recent research has shown promising results for tongue 
strengthening exercises in building tongue strength and 
endurance in both healthy and disordered populations [1, 
26–30], which has led to the increasing uptake of lingual 
resistance training protocols in swallowing rehabilitation 
[31]. However, whether improvements in swallowing func-
tion occur remains less clear. We were interested in further 
scrutinizing the available evidence regarding the effects of 
lingual resistance training on swallowing function. Our 
research questions were:

(1) Which lingual resistance training protocols have been 
used to target improved swallowing function in adults?

(2) How have changes in swallowing function been meas-
ured in VFSS?

a. Which stimuli have been used?
b. Which measures of swallowing biomechanics have 

been reported?
c. Which measures of swallowing safety have been 

reported?
d. Which measures of swallowing efficiency have been 

reported?

(3) What other measures have been used to capture the 
impact of lingual resistance training protocols on swal-
lowing?

(4) What are the reported results of lingual resistance train-
ing protocols on

a. Tongue pressure generation?
b. Swallowing outcomes (biomechanics, safety, effi-

ciency)?

Methods

The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement [32] was used 
to guide development and methodology of this systematic 
review.

Search Strategy

An information specialist assisted in conducting a systematic 
search of the literature in AMED (Allied and Complimen-
tary Medicine), Cochrane Central Register of Controlled 
Trials (CENTRAL), Embase, Ovid MEDLINE(R) (includ-
ing Epub Ahead of Print, In-Process & Other Non-Indexed 
Citations, Ovid MEDLINE(R) Daily), CINAHL, and 
SpeechBite. Searches were conducted in each database from 
inception of the database until June 2018. Search strategies 
included the use of text words and subject headings (e.g. 
MeSH, Emtree) related to (1) the tongue (tongue, lingua*), 
(2) swallowing (swallow*, deglut*, dysphagi*, fluoro*, cine-
fluoro*, videofluoro*), and (3) exercise training (strength*, 
pressur*, exercise*, protocol*, intervention, train or training, 
rehab*, treatment). The use of an asterisk allowed searching 
for terms as root words or truncated terms and the return of 
all words containing that root word. Searches were limited 
to peer-reviewed studies published on human adults in Eng-
lish. The electronic search strategy for Ovid MEDLINE(R) 
(including Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE(R) Daily) can be found 
in Online Appendix A.

Eligibility Criteria

Studies were included if they met the following criteria: (1) 
studied human subjects over the age of 18 years, (2) pro-
vided a tongue pressure intervention, (3) completed a base-
line VFSS to outline swallow function pre-intervention, (4) 
performed a post-intervention VFSS to measure intervention 
effects on swallowing, (5) had abstract and full-text available 
in English, and (6) were published in a peer-reviewed jour-
nal. The review was restricted to randomized controlled tri-
als, controlled studies, case–control studies, cohort studies, 
and case series designs. Single case studies were excluded 
from this review as we aimed to examine articles using rep-
resentative samples of reasonable size. Studies character-
izing tongue pressure without delivery of any intervention 
targeting the tongue were excluded. Additionally, studies 
validating new technologies or devices for measuring tongue 
pressure were also excluded as the aim of this review was to 
determine the effects of intervention and not on technologi-
cal development.
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Tutorials, educational reports, literature reviews, system-
atic reviews, book chapters, and conference abstracts were 
excluded because of their lack of prospective intervention 
design. Studies with pediatric populations and animals were 
also excluded from this review because our purpose was 
to investigate effects of lingual resistance training on the 
swallowing function of adults. We excluded studies with 
populations who had received surgical interventions to the 
head and neck, as we were interested in outcomes on func-
tions of unaltered muscular anatomy. Similarly, studies that 
included patients who had received chemotherapy or radia-
tion were excluded from this review as these treatments may 
further exacerbate swallowing impairment due to side effects 
including muscle fibrosis and neuropathy.

Study Selection

As shown in Fig. 1, the original search yielded a total of 
1327 records, of which 472 were duplicates. After removal 
of these duplicates, two reviewers independently assessed 
the titles and abstracts of all retrieved records and deter-
mined their eligibility for potential inclusion. Cohen’s Kappa 
and percentage of inter-rater agreement were calculated to 
evaluate the level of agreement between both raters [33]. 
When ratings were conflicting, the article was retained for 
full-text review. Full-text articles of both accepted and con-
flicting ratings were then reviewed independently by both 
reviewers in order to determine whether the article should 
be included in the systematic review. If an article was not 
selected, a reason for exclusion was documented based 
on eleven rejection criteria (see Fig. 1). Disagreements in 
final ratings of full-text articles were resolved by consensus 
between both raters.

Risk of Bias (Quality) Assessment

A methodological quality assessment of individual studies 
was completed independently by each reviewer to evaluate 
the validity of study design and reporting methods. Risk of 
bias evaluation was completed using the Cochrane Collabo-
ration’s Tool for Assessing Risk of Bias [34]. The criteria 
assessed were selection bias (random sequence generation, 
allocation concealment), performance bias (blinding of par-
ticipants and personnel), detection bias (blinding of outcome 
assessment), attrition bias (incomplete outcome data), and 
reporting bias (selective reporting). It was of particular inter-
est to document whether a study included sufficient detail 
to permit replication when describing the intervention pro-
tocol, the VFSS procedures used (e.g., frame rate, stimuli 
used, number of trials), or the methods of VFSS analysis 
used (i.e., duplication of VFSS rating, and the use of valid 
and reliable operational definitions and assessment tools for 
VFSS analysis). Each item on the Cochrane Collaboration’s 

Tool for Assessing Risk of Bias was scored with a “Y” for 
yes if susceptible to bias in that category, “N” for no if not 
susceptible to bias in that category, and “U” for unsure/other 
if raters could not determine appropriate scores, if the cri-
teria were not applicable, or if this was not reported for that 
particular category.

Quality in reporting was also scored using the NIH Qual-
ity Assessment Tool for Before-After (Pre–Post) Studies with 
No Control Group [35] to evaluate the internal validity of 
eligible studies with quasi-experimental, pre–post-interven-
tion designs: (1) Studies that had the least risk of bias were 
classified as “good”, (2) those susceptible to bias were con-
sidered “fair” if this bias was not sufficient to invalidate their 
results, and (3) those as “poor” if they had a significant risk 
of bias. In cases where there was a disagreement in ratings, 
reviewers met and discussed their ratings until they achieved 
consensus.

Data Extraction Process

Data extraction was completed independently by a single 
rater for full articles that met all inclusion criteria outlined 
above. A form was developed to standardize and capture 
the relevant data from each article (Online Appendix B). 
Data extraction included the following: (1) study design; 
(2) patient population descriptions (age, sex, etiology); (3) 
sample size; (4) proportion of males and females; (5) use 
of matched controls; (6) intervention details; (7) tongue 
strengthening device used—if applicable; (8) tongue inter-
vention protocol (repetitions, frequency, duration); (9) VFSS 
protocol (stimuli, volumes and trials, frames/s); (10) out-
come measure: swallow safety; (11) outcome measure: swal-
low efficiency; and (12) other visuo-perceptual or temporal 
swallowing parameters measured on VFSS. Results from 
each study including statistical analyses of changes in swal-
lowing function after intervention were also extracted.

Results

Literature Retrieval

Figure 1 provides an overview of the selection process for 
included studies. Of the 855 studies identified for prelim-
inary screening of titles and abstracts, 817 were rejected 
after failing to meet inclusion criteria. At abstract screen-
ing, the inter-rater agreement was 96.5% with a Cohen’s 
Kappa statistic of 0.41. Although high percent agreement 
was achieved, only moderate inter-rater agreement at the 
abstract screening level was suggested by the Cohen’s Kappa 
result, due to one rater’s tendency to rate items as unsure 
[36]. When examining ratings at the full-text level, levels 
of inter-rater agreement were 94.7% with a Cohen’s Kappa 
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of 0.86 indicating almost perfect agreement between raters 
[36].

The most common reason for article exclusion (N = 487) 
was that tongue measurements were not collected pre- and 
post-interventions involving tongue-specific exercises, 
rather, tongue measurements were obtained to characterize 

impairment at a single time point, for other interventions 
not focused on the tongue, or to guide the development of 
new tools/technologies (e.g. video-ultrasonography, Glide-
Scope®, algorithms and neural networks). Another common 
reason for exclusion was use of the single case study design 
(N = 105), regardless of whether tongue pressure training 
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Fig. 1  A PRISMA flow diagram depicting the different phases of the systematic review, mapping out the number of records identified, included 
and excluded
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was utilized. Ultimately, a total of seven articles met the 
inclusion criteria for review and data extraction.

Quality Assessment

Table 1 summarizes the quality assessment of all included 
studies using the Cochrane Risk of Bias Tool. Selection 
bias was found in four studies, where participants were 
enrolled either via convenience sampling or by consecu-
tive recruitment without randomization. Quality assess-
ment highlighted a high degree of performance bias in 
all studies included, where blinding of study participants 
to their allocated intervention group (if applicable) and 
of the personnel performing the intervention was not 
reported. Of the seven studies reviewed, two reported that 
they included some level of blinding of outcome assessor, 
where the clinicians rating the VFSS were blinded to par-
ticipant [2, 3]. Detection bias was present in the remain-
ing five studies, as there was no mention of blinding of 
the raters in the study for any outcome measures. Attrition 
bias was relatively low, with all participants completing 
the full intervention in four [1, 2, 29, 37] of the seven 
studies reviewed. Two studies [3, 38] were deemed to 
have a high risk of attrition bias as more than 20% of 
their participants were lost to follow-up. One study [39] 
did not report final sample size, and therefore it was not 
possible to determine whether any participants were lost 
to follow-up. Finally, reporting bias was deemed to be 
high in three studies [37–39] that did not provide any 
information regarding the stimuli used to assess swallow-
ing function on VFSS.

The quality assessment completed using the NIH tool 
deemed four studies to be “poor” in quality, two as “fair”, 
and one study as “good”(see Table 2). Four main reasons 
for low quality were found: (1) small sample sizes [1, 2, 
29, 39]; (2) lack of clarity with regards to the interven-
tion/service provided and whether this was delivered con-
sistently to all patients [1, 29, 37, 39]; (3) use of valid and 
reliable outcome measures [2, 3, 37-39]; and (4) blinding 

of those providing the intervention or analyzing the data 
[1, 29, 37-39].

Patient Characteristics

Patient characteristics can be found in Table 3. Three differ-
ent patient population groups were included: stroke [1, 3, 37-
39], acquired brain injury [2], and healthy participants [29]. 
Sample sizes varied widely across studies, ranging from six 
participants [2] to 29 participants [38]. Studies included 
both male and female participants; however, most studies 
included a larger proportion of males compared to females. 
The ages of participants enrolled across studies ranged 
from 32 [2] to 90 years [1]. Only three articles [3, 37, 38] 
included a group for comparison; however, the comparison 
group received some form of dysphagia intervention termed 
conventional or traditional exercise or an alternative tongue 
intervention protocol in all three cases.

Question 1: Training Protocols

Tongue exercises included anterior and posterior tongue 
strengthening, tongue pressure accuracy training, and oral 
motor exercises of the tongue including effortful press 
against hard palate. The Iowa Oral Performance Instrument 
(IOPI) was the primary device used for lingual resistance 
training across the studies identified [1-3, 29, 37, 38]; how-
ever, one study used no tool at all [39]. A large variation 
was also found in the treatment durations including 4, 5, 
6, 8, and 12 weeks, with all protocol durations exceeding 4 
weeks. Exercises were typically repeated 30 or more times 
per session, while their frequency was outlined as two, three, 
or five times per week. Exercises were completed solely in 
clinic [2, 3, 37, 38] or with some form of clinical guidance 
from a speech-language pathologist or an occupational ther-
apist along with self-directed home training [1, 29, 39] (see 
Table 4). Additionally, intervention for the treatment groups 
was not always limited to tongue interventions and included 
conventional dysphagia therapy techniques [37-39] such 
as effortful swallowing, thermal tactile stimulation, facial 

Table 1  Cochrane tool for risk 
of bias

 +  Yes to susceptibility of bias;   − not susceptible to bias; ?  unsure/could not determine appropriate rating

Study Selection bias Perfor-
mance bias

Detection bias Attrition bias Reporting bias

Cho et al. [39] + + + ? + 
Kim et al. [37]  − + +  − + 
Park et al. [38]  − + + + + 
Robbins et al. [1] + + +  −  − 
Robbins et al. [28] + + +  −  − 
Steele et al. [2] + +  −  −  − 
Steele et al. [3]  − +  − +  − 
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massage, and compensatory maneuvers or range of motion 
exercises.

Question 2: Swallowing function

VFSS Protocols The seven studies included for review 
employed a broad range of VFSS protocols to assess swallow 

function post-treatment (see Table 5). None of the included 
studies reported the frame rate at which their VFSS studies 
were captured and recorded. Frame rate has been noted to 
interfere with the integrity of VFSS analysis if below 15 
frames per second, particularly with respect to identifying 
penetration-aspiration events [40].

Table 3  Patient characteristics

N sample size, M male, F female, NR not reported

Study Year N (M, F) Average age in years (Range) Control Group Etiology

Cho et al. [39] 2017 9 (NR) NR No Stroke
Kim et al. [37] 2017 18 (11,7) 62.17 (51.16–73.18) N = 17 Stroke
Park et al. [38] 2015 15 (6, 9) 67.3 (56.7–77.9) N = 14 Stroke
Robbins et al. [1] 2007 10 (5, 5) 69.7 (51–90) No Stroke
Robbins et al. [28] 2005 10 (4, 6) NR (70–89) No Healthy
Steele et al. [2] 2013 6 (4, 2) 42.33 (NR) No Acquired brain injury 

following motor vehicle 
accident

Steele et al. [3] 2016 5 (NR) 71 (49–89) Tongue pressure profile 
Training group;  N = 6

Stroke

Table 4  Training protocols

OT Occupational Therapist, SLP Speech-Language Pathologist, TPRT Tongue to palate resistance training (anterior and posterior), IOPI Iowa 
Oral Performance Instrument, TPSAT tongue pressure strength and accuracy training, TPPT tongue pressure profile training

Study Exercise Device or tool Repetition Frequency 
(days/
week)

Duration (weeks) Guidance

Cho et al. [39] Press tongue strongly 
against hard palate

None 30 times 5 4 Education provided 
by OT on day 1 
then supervised by 
caregiver

Kim et al. [37] TPRT IOPI 30 times 5 4 Two experienced OTs 
(no home practice)

Park et al. [38] Tongue muscle 
strength training (ant 
and post)

IOPI 10 × 5 (total = 50 times) 5 6 Two experienced OTs 
(no home practice)

Robbins et al. [1] Isometric lingual exer-
cise program (ante-
rior and posterior)

IOPI 10 × 3 each location 
(total = 60 times)

3 8 SLP contact by tel-
ephone or in person 
during the initial 
week then every 
2 weeks thereafter

Robbins et al. [28] Isometric lingual 
exercise program 
(anterior)

IOPI 30 × 3 (total = 90 times) 3 8 Contact with SLP at 
baseline, weeks 2, 
4, and 6 paired with 
home practice (daily 
log)

Steele et al. [2] Maximum isometric 
tongue pressures 
(anterior and pos-
terior) +  amplitude 
accuracy

IOPI 60 times 2 11–12 Direct supervision by a 
licensed SLP in clinic 
(no home practice)

Steele et al. [3] TPSAT
––
TPPT

IOPI 60 times 2–3 8–12 Direct supervision by a 
licensed SLP in clinic 
(no home practice)
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It is important to note that not all studies disclosed their 
VFSS protocols, which would hinder replication of results; 
however, those that reported their VFSS protocols included 
a thin barium stimulus to evaluate the effects of the interven-
tion [1–3, 29]. Information about barium concentration and 
brand of barium used was reported in all studies reporting 
VFSS protocol. Other stimuli included in the VFSS pro-
tocols varied across studies: (1) “thickened” stimuli [3], 
“puree” stimuli [2], and semisolid stimuli [1, 29]. No study 
utilized a solid consistency as part of their VFSS protocol.

The range of bolus volumes included was:

– Thin teaspoon, 2.5 ml spoon, 3 ml spoon, 5 ml spoon, 
10 ml catheter syringe, and consecutive swallow task 
(unreported volume);

– Thick teaspoon;
– Puree 5 ml spoon, 10 ml spoon, 15 ml spoon;
– Semisolids ½ wafer dipped in barium, and 3 ml spoon.

Swallowing Biomechanics Each study along with its inclu-
sion criteria, study design, and a list of the outcome meas-
ures collected is shown in Table 6. Change in swallowing 
physiology was reported as an outcome of interest in six 

of the studies included in this review. The most commonly 
collected outcome measures of swallowing physiology to 
determine changes pre- and post-treatment were temporal 
measurements. Temporal measures included: oral tran-
sit time, pharyngeal transit time, stage transition duration, 
oral transit duration, oral clearance duration, pharyngeal 
transit duration, pharyngeal clearance duration, pharyngeal 
response duration, duration of hyoid maximum elevation, 
duration of hyoid maximum anterior excursion, duration 
to upper esophageal sphincter (UES) opening, duration of 
UES opening, total swallowing duration. Of these studies, 
three used the Videofluoroscopic Dysphagia Scale (VDS) as 
the tool of measurement; these studies did not report scores 
per parameter but instead reported compiled scores out of 
100 across all parameters [41]. The VDS tool character-
izes swallowing impairment based on ordinal scales for 14 
parameters related to the oral and pharyngeal stage of swal-
lowing, including some physiological measures (e.g., trig-
ger of pharyngeal swallow, laryngeal elevation, pharyngeal 
transit time), and appears to be popular in Korea.

Swallowing Safety All studies reported swallowing safety 
as an outcome of interest following lingual resistance train-
ing. The Penetration-Aspiration scale (PAS) [42] is an 

Table 5  Videofluoroscopy protocols

NR not reported, No  stimulus not used, w/v weight to volume ratio, x repetitions

Study Thin Thick Puree Semisolids Solid No. of trials Frames (s)

Cho et al. [39] NR NR NR NR NR NR NR
Kim et al. [37] NR NR NR NR NR NR NR
Park et al. [38] NR NR NR NR NR NR NR
Robbins et al. [1] Varibar thin liquid No No Varibar pudding No Thin 3× (3 ml 

spoon, 10 ml 
catheter syringe); 
2× (effortful 3 ml 
spoon)

Semisolid: 3×: 3 ml 
spoon

NR

Robbins et al. [28] 3:1 (water:liquid 
Polibar plus)

No No Varibar pudding No Thin 3× (3 ml 
spoon, 10 ml 
catheter syringe); 
2×: (effortful 3 ml 
spoon)

Semisolid: 3×: 3 ml 
spoon

NR

Steele et al. [2] Thin solution of 
polibar and water 
(40% w/v)

No EZ-HD barium 
powder with 
applesauce (40% 
w/v)

No No Thin 3×: 5 ml 
spoon

Puree 3×: 5 ml 
spoon

NR

Steele et al. [3] Bracco EZ-Paque 
powder barium 
mixed with water 
(20% w/v)

Nectar: Bracco EZ-
Paque powdered 
barium, xanthan 
gum thickener, 
mixed with water 
(20% w/v)

No No No Thin 3× teaspoon 
amount

Thick 3× teaspoon 
amount

NR
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Table 6  Swallowing measures

Study Inclusion criteria Study design Outcome measures collected

Cho et al. [39] (1) Oropharyngeal dysphagia confirmed 
by VFSS;

(2) No significant cognitive difficulties 
(MMSE > 24);

(3) Ability to actively cooperate

Prospective Cohort Intervention Study VDS (oral phase; pharyngeal phase)

Kim et al. [37] (1) Post-stroke oropharyngeal dysphagia 
confirmed by a VFSS;

(2) Tongue muscle strength < 10 kPa;
(3) MMSE score > 20;
(4) Able to swallow voluntarily;
(5) Cortex damage only;

Pre–post-treatment design Tongue strength (anterior; posterior)
Posterior tongue strength
VDS (oral phase; pharyngeal phase)
PAS

Park et al. [38] (1) Dysphagia from a stroke that was 
confirmed by a VFSS;

(2) Onset duration > 6 months,
(3) MMSE score ≥ 24

RCT VDS (oral phase; pharyngeal phase; total 
score)

Tongue strength (anterior; posterior)

Robbins et al. [1] (1) 45 years of age or older;
(2) Had a history of ischemic stroke;
(3) Showed reduced lingual pressures 

with either the anterior or posterior 
tongue defined as < 40 kPa);

(4) Physician referral for a VFSS that 
confirmed the presence of aspiration, 
penetration, or oropharyngeal residue

Prospective Cohort Intervention Study PAS
Durational measures (oral transit dura-

tion; oral clearance duration; phar-
yngeal transit duration; pharyngeal 
clearance duration; pharyngeal response 
duration; duration of hyoid maximum 
elevation; duration of hyoid maximum 
anterior excursion; duration to UES 
opening; duration of UES opening; total 
swallowing duration)

Residue (oral cavity; vallecula; posterior 
pharyngeal wall; pyriform sinus; UES)

Swallowing pressures
Maximum isometric pressures (anterior 

and posterior)
MRI (total lingual volume)/SWAL-QOL/

Dietary intake questionnaire
Robbins et al. [28] (1) No history of swallowing problems 

or medical conditions that would 
affect oral motor performance, such 
as a history of acute or degenerative 
neurological condition or head/neck 
cancer

Prospective Cohort Intervention Study PAS
Durational measures (oral transit 

duration; stage transition duration; 
pharyngeal transit duration; pharyngeal 
response duration; duration of hyoid 
maximum elevation; duration to UES 
opening; duration of UES opening; total 
swallowing duration)

Residue (oral cavity; vallecula; posterior 
pharyngeal wall; pyriform sinus; UES)

Swallowing pressures
Maximum isometric pressures(anterior 

and posterior)
MRI (total lingual volume)

Steele et al. [2] (1) Dysphagia secondary to acquired 
brain injury following a motor vehicle 
accident;

(2) Impaired swallowing safety, i.e., 
scores less than or equal to 3 on the 
PAS with thin liquids;

(3) Post-swallow residues in the val-
leculae or pyriform sinuses with either 
thin and/or spoon-thick liquids meas-
ured using a 4-point ordinal scale

Case series Isometric pressures (anterior; posterior)
Saliva swallow pressures
PAS
Residue (vallecular; pyriform sinus)
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8-point scale grading the depth of penetration and aspiration 
of the bolus into the laryngeal vestibule along with subject 
response. The PAS was the primary tool used to quantify 
swallowing safety [1–3, 29], while the aspiration parameter 
on the VDS was used by the remaining studies [37–39] to 
assign scores related to presence of laryngeal vestibule inva-
sion, supraglottic penetration, and subglottic aspiration. One 
article [37] reported swallowing safety using both the VDS 
and PAS scales. Reports of penetration-aspiration were pro-
vided using either ordinal scales or percentage estimates of 
the amount of the bolus aspirated in these studies.

Swallowing Efficiency Swallowing efficiency measures 
were reported in all included studies as an outcome of inter-
est following intervention. Areas for residue measurement 
were the vallecula [1–3, 29, 37-39], oral cavity [1, 29, 37–
39], posterior pharyngeal wall [1, 29, 37–39], pyriform sinus 
[1, 2, 29, 37–39], and (UES) [1, 29]. Residue was quantified 
using a number of ordinal scales, including the following:

• 4-point ordinal system [2] (0 = none, 1 = less than 25% 
full, 2 = 25–50% full, 3 = more than 50% full) described 
by Eisenhuber et al. [43]

• Normalized Residue Rating Scale (NRRS) [44], which 
uses pixel-based measurements of space and residue nor-
malized to an anatomical scaling factor to correct for 
differences in height using the cervical spine [3].

• 3-point system [1, 29] (0 = no residue; 1 = coating of 
barium residue; 2 = pooling of barium).

• 4 coded values on a nominal scalar mapped to scores 
on the VDS (0 = None; 4.5 =  < 10%; 9 = 10–50%; and 
13.5 =  > 50%) [41].

Question 3: Other Measures

Other measures used to determine the effects of lingual 
resistance training included magnetic resonance imaging 
(MRI) to evaluate the total lingual volume [1, 29], a dietary 
intake questionnaire [1], and the Quality of Life in Swallow-
ing Disorders Questionnaire (SWAL-QOL) [45] to quantify 
changes in swallowing related quality of life [1].

Question 4: Lingual Resistance Training Intervention 
Outcome

Tongue Pressure Generation Isometric Tongue Pressures: 
Isometric tongue-palate pressures post-treatment was meas-
ured as an outcome of interest in a total of six studies, at 
either the anterior region, posterior region, or both regions. 
In all four studies assessing outcomes in the anterior region 
[1, 2, 29, 38], improvement was found and a statistically sig-
nificant increase in pressures was reported in three studies. 
The fourth of these studies [2] used single subject meth-
ods for reporting results, and reported that 5/6 participants 
achieved improvement defined as three successive sessions 
in which pressures fell above a Cohen’s d effect size thresh-
old of 0.6 versus baseline. For the posterior region, four 
studies reported significantly increased posterior isometric 
pressures between baseline and post-treatment measures [1, 
3, 29, 38] and a fifth [2] reported improvements in all par-
ticipants using the Cohen’s d effect size criterion. One study 
reported statistically significant increases in peak isometric 
pressures, however, no information was provided regarding 
the placement of the air filled bulb used to measure these 
pressures [29].

Swallowing Pressures: Tongue pressures collected using 
a three-bulb array attached along the midline of the hard 
palate were also reported in two studies [1, 29]. These pres-
sures differ from isometric tongue pressures as they were 
collected during VFSS while patients were swallowing 

Table 6  (continued)

Study Inclusion criteria Study design Outcome measures collected

Steele et al. [3] (1) History of recent stroke (4–20 weeks 
prior to enrollment);

(2) One posterior maximum isometric 
pressure < 40 kPa; stage transition 
duration > 350 ms on at least one thin 
liquid barium swallow during intake 
VFSS;

(3) Able to understand English;
(4) Able to follow directions;
(5) Able to tolerate oral trials under the 

supervision of a therapist

RCT Posterior maximum isometric tongue-
palate pressures

Stage transition duration on thin liquid 
swallows

PAS
Residue (vallecular)

VFSS Videofluroscopic Swallowing Study, VDS Videofluoroscopic Dysphagia Scale, MMSE Mini-Mental Status Examination score, PAS Pen-
etration-Aspiration Scale, RCT  Randomized Control Trial, UES Upper Esophageal Sphincter, MRI Magnetic Resonance Imagine, SWAL-QOL 
Quality of Life in Swallowing Disorders Questionnaire
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different bolus consistencies. A significant effect of bolus 
type was reported in one study, where maximum swallowing 
pressures increased significantly for all consistencies post-
treatment except for the 3-ml-thin liquid task [29]. In the 
other study, significant increases in swallowing pressures 
were reported in at least one of three trials of 3 ml thin liq-
uid, 10 ml thin liquid, and semisolid bolus conditions [1]. 
One other study collected tongue pressure measurements 
during swallowing tasks by utilizing saliva swallows. Half of 
their participants demonstrated increased saliva swallowing 
pressures beyond the effect size boundary for at least three 
consecutive sessions [2].

Swallowing Outcomes Temporal Measures: No statistically 
significant changes in timing measures of swallowing were 
found in two [3, 29] of the three studies that collected them. 
In one study, oral transit duration (defined as time from 
beginning of posterior bolus movement until arrival of bolus 
head at ramus of mandible) [1] significantly improved for 
the 3 ml liquid bolus conditions in one of three bolus tri-
als. Similarly, a significant effect was found for pharyngeal 
response duration (defined as time from beginning of hyoid 
excursion until hyoid returns to rest) for the 3 ml liquid and 
10 ml liquid bolus conditions, also observed on one of three 
bolus trials per consistency. No additional physiological 
measures collected showed statistically significant changes 
(e.g., duration of pharyngeal response, UES opening, time 
to UES opening, hyoid maximum elevation, and hyoid max-
imum anterior excursion).

Swallowing safety: Swallowing safety pre- and post-treat-
ment on VFSS was measured using PAS in most studies, 
with mixed results. In two studies, no significant improve-
ments (i.e. decreases) in PAS were found for thin [1, 3], nec-
tar [3], or pudding consistencies [1]. Significantly decreased 
(i.e. improved) PAS values were reported in three studies, 
two of which provided information regarding bolus stimuli 
used to assess swallow safety. As the remaining studies 
used the VDS tool and did not dissociate scores related to 
the swallow safety parameter from other parameters when 
reporting results, overall effects of the intervention on swal-
lowing safety alone could not be extracted.

Swallowing Efficiency: A statistically significant reduc-
tion in vallecular residue was noted in NRRS scores for thin 
liquid stimuli in one study [3], while no significant differ-
ences were found for nectar-thick stimuli or for any other 
bolus type in the remaining studies. All studies, except one 
[1], reported no significant decreases in either oral cavity or 
pyriform sinus residue. In this study by Robbins et al. [1], 
the authors concluded that mean oropharyngeal residue scale 
scores changed significantly for three bolus conditions (3 ml 
effortful, 3 ml liquid, and 10 ml liquid), however repeated 
measures were not accounted for.

Other measurements: Oral phase parameters (lip clo-
sure, bolus formation, mastication, apraxia, tongue to pal-
ate contact, premature bolus loss, and oral transit time) and 
pharyngeal phase parameters (trigger of pharyngeal swal-
low, vallecular residue, laryngeal elevation, pyriform sinus 
residue, coating on the pharyngeal wall, pharyngeal transit 
time, and aspiration) as captured on the VDS were reported 
to significantly improve in all three studies using this tool. 
Data relating to each specific parameter were not reported 
in any of these studies. Detailed information regarding all 
reported outcomes, including results for MRI measures, 
quality of life measures, and dietary intake questionnaires, 
are given in Table 7.

Discussion

Risk of Bias

This review systematically examined the strength and qual-
ity of evidence for using lingual resistance training as an 
intervention to impact swallow function as measured using 
VFSS. The seven studies selected for review had mixed 
quality with four rated as “poor” on the risk of bias tools 
selected. Of note, performance bias was common as either 
blinding of participants and personnel during treatment or 
the blinding of individuals rating the VFSS to participants 
and time-point relative to intervention was not reported in 
any of the selected studies. Additionally, performance bias 
was rated as high on studies that did not appropriately han-
dle the statistical analysis of a categorical (PAS) or ordinal 
outcome scale (VDS). Selection bias was also found in five 
studies as convenience sampling was mainly used with no 
randomization or concealment to treatment conditions. Fur-
thermore, small sample size was identified as a limitation in 
50% [1, 2, 29, 39] of included studies. This increases the risk 
of bias as it undermines the reliability of the results leading 
to lack of confidence that any statistically significant effect 
reflects a true effect at the population level.

Another common reason for lower quality ratings were 
concerns about the validity and reliability of the outcome 
measures used. In a recent study by Swan et al. [46] using 
the COnsensus-based Standards for the selection of health 
Measurement Instruments (COSMIN) process [47] to evalu-
ate the psychometric quality of swallowing assessment tools, 
the VDS was found to have limited reliability, content valid-
ity, and indeterminate hypothesis testing (or item construct 
validity), while the PAS revealed conflicting findings in 
terms of reliability and intermediate content validity and 
hypothesis testing. Additionally, the lack of clarity with 
regards to intervention descriptions, delivery, and protocol 
adherence impacted quality assessment [1, 29, 37, 39]. The 
large heterogeneity in the patient populations, protocols used 
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Table 7  Summary of outcome measures and results

Study Measures Results

Cho et al. [39] VDS (oral phase; pharyngeal phase) Significant improvement in oral phase components (p < 0.05)
Significant improvement in the pharyngeal phase components 

(p < 0.05)
Kim et al. [37] Anterior tongue strength Baseline MIP = 32.67 kPa; post-treatment MIP: 41.89 kPa

Significant increases for both experimental and control;
Statistically significant difference between groups (p < 0.000)

Posterior tongue strength Baseline MIP = 28.06 kPa; post-treatment MIP: 39.11 kPa
Significant increases for both experimental and control;
Statistically significant difference between groups (p < 0.000)

VDS (oral phase; pharyngeal phase) Significant improvements in both oral and pharyngeal phase 
of VDS for experimental and control groups (p < 0.000), 
and also between groups (p < 0.000)

PAS Significant decrease in PAS for both groups (p < 0.000);
No significant differences between groups (p = 0.0471)

Park et al. [38] VDS (oral phase; pharyngeal phase; total score) Statistically significant differences in both the oral (p < 0.01) 
pharyngeal (p < 0.05) stages, and the total score (p < 0.01) 
for the experimental group. No significant difference in 
VDS scores between the experimental and control groups 
after the intervention

Anterior tongue strength Baseline MIP = 18.93 kPa; post-treatment MIP: 20.73 kPa
Significant improvements for the anterior region pre–post-

intervention for the experimental group (p < 0.01); no statis-
tically significant difference between the two groups

Posterior tongue strength Baseline MIP = 16.2 kPa; post-treatment MIP: 18.47 kPa
Significant improvements for the posterior region pre–post-

intervention for the experimental group (p < 0.01); no 
statistically significant difference in scores between the two 
groups

Robbins et al. [1] PAS Significantly reduced (increased safety) for the 3-ml thin 
liquid bolus condition at week 4 (p = 0.02) and week 8 
(p = 0.005); 10-ml liquid bolus condition after at 8 weeks 
(week 4: p = 0.08; week 8: p = 0.003). A trend toward 
reduced airway invasion for the effortful swallowing condi-
tion was statistically significant after 4 weeks of exercise 
(week 4: p = 0.03, week 8: p = 0.07)

Durational Measures (oral transit duration; oral clearance 
duration; pharyngeal transit duration; pharyngeal clear-
ance duration; pharyngeal response duration; duration of 
hyoid maximum elevation; duration of hyoid maximum 
anterior excursion; duration to UES opening; duration of 
UES opening; total swallowing duration)

Significant decrease in the oral transit duration (time from 
beginning of posterior bolus movement until arrival of bolus 
head at ramus of mandible) for the 3-ml liquid bolus condi-
tion (p = 0.036) on 1 of 3 trials

An increase in the pharyngeal response duration (time from 
beginning of hyoid excursion until hyoid returns to rest) 
for both the 3-ml liquid (p = 0.02) and the 10-ml liquid 
(p = 0.024) bolus conditions on 1 of 3 trials

Residue (oral cavity; posterior pharyngeal wall; pyriform 
sinus; UES)

Significant reduction in overall residue for the 3-ml effortful 
swallow (p = 0.02), 10-ml (p = 0 .02), and 3-ml (p = 0.01) 
bolus conditions, with the most significant changes in phar-
yngeal residue (p = 0.03)

Reduction of average residue in the oral cavity (p = 0.07) 
and cricopharyngeus (p = 0.09) at week 8. No significant 
changes in average residue in the piriform sinuses (p = 0.17) 
or vallecula (p = 0.14) were observed after 8 weeks of 
exercise
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Table 7  (continued)

Study Measures Results

Swallowing pressures Significant increases on at least 1 of 3 trials for:
 10 ml liquid (week 4 p = 0.04, week 8 p = 0.03),
 3 ml liquid (week 4 p = 0.04, week 8 p = 0.004),
 Semisolid bolus conditions (week 4 p = 0.05, week 8 

p = 0.02)

Maximum isometric pressures (anterior and posterior) Anterior location: Baseline MIP = 35.6 kPa; Post-treatment 
MIP: 51.8 kPa

Posterior location: Baseline MIP = 30.2 kPa; Post-treatment 
MIP: 54.6 kPa

Statistically significant increase in anterior (week 4 p < 0.001, 
week 8 p < 0.001) and posterior tongue sites (week 4 
p = 0.01, week 8 p < 0.001)

MRI (total lingual volume) Increases lingual volume for two of three subjects 
(mean = 4.35%); A decline for one patient (6.5%)

SWAL-QOL Statistically significant (fatigue, p = 0.047; communication, 
p = 0.026; and mental health p = 0.022)

Dietary intake questionnaire Six subjects reported addition of difficult-to-swallow food 
items (nuts, popcorn, salad, and raw vegetables) to their diet

Robbins et al. [28] PAS No significant changes

Durational Measures (oral transit duration; stage transition 
duration; pharyngeal transit duration; pharyngeal response 
duration; duration of hyoid maximum elevation; duration 
to UES opening; duration of UES opening; total swallow-
ing duration)

No significant changes

Residue (oral cavity; posterior pharyngeal wall; pyriform 
sinus; UES)

No significant changes

Swallowing pressures Significant based on bolus type (p = 0.47):
3 ml effortful swallow: statistically significantly increase 

(p = 0.001)
10 ml of thin liquid: statistically significantly increase 

(p = 0.04)
3 ml semisolid: statistically significantly increase (p = 0.01)
3 ml thin liquid: not significantly changed (p = 0.18)
No significant changes in pressure rise rate overall or by bolus 

type

Maximum isometric pressures (anterior) Baseline MIP = 41 kPa; Post-treatment MIP: 49 kPa
A significant increase in peak isometric pressure (week 4, 

p = 0.002; week 6, p = 0.001)

MRI (total lingual volume) Increased lingual volume (mean change = 5.1%)
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Table 7  (continued)

Study Measures Results

Steele et al. [2] Anterior isometric pressures Increases (sustained above the Cohen’s d = 0.6 effect size 
boundary for at least three consecutive sessions) for partici-
pants 1, 2, 3, 4, 5

Posterior isometric pressures Increases (beyond the d = 0.6 effect size boundary over at 
least three consecutive treatment sessions) for all six partici-
pants; sustained gains not seen for participant 1

Saliva swallow pressures Increases (beyond the effect size boundary over at least three 
consecutive sessions) for participants 1, 2, and 6, but gains 
were not clearly sustained for participants 2 and 6

Participants 3, 4, and 5 failed to demonstrate any notable 
changes in saliva swallowing pressures

PAS Thin liquids: Improved swallowing safety (participants 1, 2, 4, 
5, and 6); unchanged (participant 3)

Spoon-thick liquids: post-treatment improvement of all those 
unsafe at baseline (participants 1, 2, 3, and 6);

Vallecular residue Thin liquids: remained unchanged (three participants); wors-
ened (three participants)

Spoon-thick liquids: remained unchanged (two participants); 
worsened (4 participants)

Pyriform sinus residue Thin liquids: improved (one participants); remained 
unchanged (2 participants) and worsened (3 participants)

Spoon-thick liquids: improved (2 participants) remained 
unchanged (2 participants) and worsened (2 participants)

Steele et al. [3] Maximum isometric pressures (posterior) Pooled MIPs across groups: Baseline MIP = 21 kPa; Post-
treatment MIP: 41 kPa

Significant increases post-treatment for the entire to mean 
values of 41 kPa (p < 0.001; Cohen’s d = 1.15)

An significant main effect of protocol (p = 0.08; Cohen’s 
d = 1.64): lower pressures for TPPT participants

Significant protocol X age interaction (patients over 80 in the 
TPPT group had the lowest tongue pressures)

No significant differences in the magnitude of change between 
treatment groups and no protocol X age-group interactions

Stage transition duration Thin liquids swallows: No statistically significant change 
(p = 0.13)

PAS Thin & Nectar thickened liquids: There were no significant 
differences for either group, or across the entire pooled 
sample

Residue (vallecular) Thin liquid: Statistically significant reduction in NRRSv 
scores (p = 0.05; Cohen’s d = 0.58). There were no signifi-
cant differences between treatment groups

Nectar-thick liquids: Non-significant reduction but medium 
effect size (Cohen’s d = 0.54)

VDS Videofluoroscopic Dysphagia Scale, MIP maximum isometric pressure; PAS Penetration-Aspiration Scale, RCT  Randomized Control Trial, 
UES Upper Esophageal Sphincter, MRI Magnetic Resonance Imagine, SWAL-QOL Quality of Life in Swallowing Disorders Questionnaire

for training, and outcome measurement presented barriers 
for completing quantitative analyses on the data extracted.

Patient Characteristics and Outcome Measures

This review identified mixed evidence that tongue interven-
tion specifically impacts swallowing safety or efficiency in 
isolation; however, improved swallowing function (either 
safety and/or efficiency) was reported in six of seven studies 

reviewed [1–3, 37–39]. The only study that did not find sig-
nificant improvement in swallowing function was one that 
recruited healthy older adults [29]. These results are not sur-
prising given that the participants recruited did not present 
with swallowing impairments in the first place. Additionally, 
swallowing pressures, anterior, and posterior tongue strength 
were reported to significantly improve from baseline in all 
studies utilizing the IOPI as a measurement and training 
tool, even for the healthy older adult population; however, 
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this did not have a direct relationship with either safety or 
efficiency changes.

Although positive evidence was found for the impact 
of lingual resistance training on swallow function, this is 
confounded by the heterogeneity of patient populations, 
training protocols, swallow function measurement, and 
other outcome measures seen across the selected stud-
ies. While the majority of patients who underwent lingual 
resistance training interventions in the included studies 
had a primary etiology of stroke, there was variation in the 
type of stroke (ischemic, hemorrhagic) and time post-onset 
of stroke (4 weeks– > 48 months). These differences in the 
studies recruiting stroke patients and the heterogeneity of 
patient population in other studies threatens the assump-
tion that participants had similar swallowing impairment 
profiles to begin with, and may explain the variations seen 
in swallowing outcomes. Additionally, the observed vari-
ation in swallowing improvement may be attributable to 
differences in intervention protocols utilized, including 
training frequency (2–5 weeks), duration (4–12 weeks) 
and task repetition (30–90 times).

Limitations

Although this review followed the PRISMA guidelines, it 
is not without its limitations. Firstly, a choice was made to 
exclude unpublished and grey literature from our literature 
search, which may explain the limited number of studies 
included in the review. Furthermore, studies were only 
included if VFSS measures were taken pre- and post-inter-
vention, which resulted in the exclusion of studies which 
utilized only post-treatment VFSS or other instrumental 
assessments (e.g., fiberoptic endoscopic evaluation of 
swallowing) to determine effects of this type of interven-
tion. The reason behind this was that we hoped to perform 
a meta-analysis to reach stronger conclusions regarding 
use of this intervention for swallowing, using quantita-
tive analyses on extracted VFSS measures. Quantitative 
analyses were not possible for many reasons, particularly 
poor reporting of VFSS frame rate and stimuli (bolus con-
sistencies and volumes) used during assessments. Finally, 
as limited translational resources were available, only 
English studies were included in this review. Despite this 
limitation, only one non-English study was excluded at the 
abstract screening stage and no studies were excluded at 
the full-text screening stage.

Conclusions

Overall, this systematic review described the effects of lin-
gual resistance training interventions on swallowing func-
tion. Consistent with previous reviews [4], positive evidence 
was found in terms of impact of these interventions on 
tongue pressures, along with mixed results for swallowing 
safety and efficiency. It is important to note that variability 
in the methodology with this intervention did not allow for 
quantitative meta-analysis or definitive conclusions. A lack 
of standardization in methods for VFSS measurement of 
outcomes across studies was found to be a particular bar-
rier to data synthesis and meta-analysis. Controlled obser-
vational studies with larger sample sizes are still needed to 
provide clinical rationale for use of lingual resistance train-
ing in different clinical populations with dysphagia. Future 
investigations should focus on conducting instrumental 
evaluations and robust analyses using psychometrically 
sound instruments following lingual resistance training to 
provide stronger evidence of the efficacy of such training for 
improved swallow function.

Acknowledgements The authors wish to thank Jessica Babineau, 
MLIS from the Toronto Rehabilitation Institute – University Health 
Network, for her assistance in the development and translation of the 
search strategy.

Author Contributions Sana Smaoui contributed to the conception and 
design, analysis and interpretation of data, drafting the manuscript, 
and approval of the version of the manuscript to be published. Amy 
Langridge contributed to the analysis and interpretation of data and 
approval of the version of the manuscript to be published. Catriona M. 
Steele contributed to the conception and design, analysis and interpre-
tation of data, drafting the manuscript, and approval of the version of 
the manuscript to be published.

Funding This study was supported by a Canadian Partnership for 
Stroke Recovery Catalyst Grant received by CMS. SS received fund-
ing from Peterborough K.M. Hunter Charitable Foundation Graduate 
Awards, University of Toronto Fellowship, and Mary Gertrude l’Anson 
Scholarship OSOTF – School of Graduate Studies University-Wide 
Awards.

Compliance with Ethical Standards 

The authors certify that this work was completed in compliance 
withethical standards.

Conflict of interest The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


760 S. Smaoui et al.: Effects of Lingual Resistance Training on Adult Swallowing

1 3

References

 1. Robbins J, Kays SA, Gangnon RE, Hind JA, Hewitt AL, Gentry 
LR, Taylor AJ. The effects of lingual exercise in stroke patients 
with dysphagia. Arch Phys Med Rehabil. 2007;88:150–8. https ://
doi.org/10.1016/j.apmr.2006.11.002.

 2. Steele CM, Bailey GL, Polacco REC, Hori SF, Molfenter SM, 
Oshalla M, Yeates EM. Outcomes of tongue-pressure strength 
and accuracy training for dysphagia following acquired brain 
injury. Int J Speech Lang Pathol. 2013;15:492–502. https ://doi.
org/10.3109/17549 507.2012.75286 4.

 3. Steele CM, Bayley MT, Peladeau-Pigeon M, Nagy A, Nama-
sivayam AM, Stokely SL, Wolkin T. A randomized trial com-
paring two tongue-pressure resistance training protocols for 
post-stroke dysphagia. Dysphagia. 2016;31:452–61. https ://doi.
org/10.1007/s0045 5-016-9699-5.

 4. McKenna VS, Zhang B, Haines MB, Kelchner LN. a system-
atic review of isometric lingual strength-training programs in 
adults with and without dysphagia. Am J Speech Lang Pathol. 
2017;26:524–39. https ://doi.org/10.1044/2016_AJSLP -15-0051.

 5. Kier WM, Smith KK. Tongues, tentacles and trunks: the biome-
chanics of movement in muscular-hydrostats. Zool J Linn Soc. 
1985;83:307–24. https ://doi.org/10.1111/j.1096-3642.1985.tb011 
78.x.

 6. Perrier P, Loevenbruck H, Payan Y. Control of tongue movements 
in speech: the equilibrium point hypothesis perspective. J Phonet. 
1996;24:53–755.

 7. Stål P, Marklund S, Thornell L-E, De Paul R, Eriksson P-O. Fibre 
composition of human intrinsic tongue muscles. Cells Tissues 
Organs. 2003;173:147–61. https ://doi.org/10.1159/00006 9470.

 8. Cerenko D, McConnel FM, Jackson RT. Quantitative assessment 
of pharyngeal bolus driving forces. Otolaryngol Head Neck Surg. 
1989;100:57–63. https ://doi.org/10.1177/01945 99889 10000 109.

 9. Dodds WJ. Physiology of swallowing. Dysphagia. 1989;3:171–8.
 10. Hiiemae KM, Palmer JB. Food transport and bolus formation 

during complete feeding sequences on foods of different initial 
consistency. Dysphagia. 1999;14:31–42. https ://doi.org/10.1007/
PL000 09582 .

 11. Pouderoux P, Kahrilas PJ. Deglutitive tongue force modulation 
by volition, volume, and viscosity in humans. Gastroenterology. 
1995;108:1418–26. https ://doi.org/10.1016/0016-5085(95)90690 
-8.

 12. Sanders I, Mu L. A three-dimensional atlas of human tongue 
muscles. Anat Rec (Hoboken). 2013;296:1102–14. https ://doi.
org/10.1002/ar.22711 .

 13. Steele CM, Van Lieshout PHHM. The dynamics of lingual-
mandibular coordination during liquid swallowing. Dysphagia. 
2008;23:33–46. https ://doi.org/10.1007/s0045 5-007-9093-4.

 14. Steele Catriona M, Bailey Gemma L, Molfenter Sonja M. Tongue 
pressure modulation during swallowing: water versus nectar-thick 
liquids. J Speech Lang Hear Res. 2010;53:273–83. https ://doi.
org/10.1044/1092-4388(2009/09-0076).

 15. O’Day C, Frank E, Montgomery A, Nichols M, McDade H. 
Repeated tongue and hand strength measurements in normal 
adults and individuals with Parkinson’s disease. Int J Orofacial 
Myology. 2005;31:15–25.

 16. Solomon NP, Robin DA, Luschei ES. Strength, endurance, and 
stability of the tongue and hand in Parkinson disease. J Speech 
Lang Hear Res. 2000;43:256–67.

 17. Solomon NP, Lorell DM, Robin DA. Tongue strength and endur-
ance in mild to moderate Parkinson’s disease. J Med Speech Lang 
Pathol. 1995;3:13.

 18. Chang C-W, Chen SH, Ko J-Y, Lin Y-H. Early radiation effects 
on tongue function for patients with nasopharyngeal carcinoma: 

a preliminary study. Dysphagia. 2008;23:193–8. https ://doi.
org/10.1007/s0045 5-007-9128-x.

 19. Lazarus CL, Logemann JA, Pauloski BR, Rademaker AW, Larson 
CR, Mittal BB, Pierce M. Swallowing and tongue function follow-
ing treatment for oral and oropharyngeal cancer. J Speech Lang 
Hear Res. 2000;43:1011–23.

 20. Lazarus C, Logemann JA, Pauloski BR, Rademaker AW, Hele-
nowski IB, Vonesh EF, Maccracken E, Mittal BB, Vokes EE, 
Haraf DJ. Effects of radiotherapy with or without chemotherapy 
on tongue strength and swallowing in patients with oral cancer. 
Head Neck. 2007;29:632–7. https ://doi.org/10.1002/hed.20577 .

 21. Lazarus C, Logemann JA, Shi G, Kahrilas P, Pelzer H, Kleinjan K. 
Does laryngectomy improve swallowing after chemoradiotherapy? 
A case study. Arch Otolaryngol Head Neck Surg. 2002;128:54–7.

 22. Neel AT, Palmer PM, Sprouls G, Morrison L. Tongue strength 
and speech intelligibility in oculopharyngeal muscular dystrophy. 
J Med Speech Lang Pathol. 2006;14(4):273–7.

 23. Palmer PM, Neel AT, Sprouls G, Morrison L. Swallow char-
acteristics in patients with oculopharyngeal muscular dystro-
phy. J Speech Lang Hear Res. 2010;53:1567–78. https ://doi.
org/10.1044/1092-4388(2010/09-0068).

 24. Takizawa C, Gemmell E, Kenworthy J, Speyer R. A systematic 
review of the prevalence of oropharyngeal dysphagia in stroke, 
Parkinson’s disease, Alzheimer’s disease, head injury, and pneu-
monia. Dysphagia. 2016;31:434–41. https ://doi.org/10.1007/
s0045 5-016-9695-9.

 25. Butler SG, Stuart A, Leng X, Wilhelm E, Rees C, Williamson J, 
Kritchevsky SB. The relationship of aspiration status with tongue 
and handgrip strength in healthy older adults. J Gerontol A Biol 
Sci Med Sci. 2011;66:452–8. https ://doi.org/10.1093/geron a/
glq23 4.

 26. Clark HM. Specificity of training in the lingual muscula-
ture. J Speech Lang Hear Res. 2012;55:657–67. https ://doi.
org/10.1044/1092-4388(2011/11-0045).

 27. Clark HM, O’Brien K, Calleja A, Corrie SN. Effects 
of directional exercise on lingual strength. J Speech 
Lang  Hea r  Res .  2009 ;52 :1034–47 .  h t t p s  : / / do i .
org/10.1044/1092-4388(2009/08-0062).

 28. Lazarus C, Logemann JA, Huang C-F, Rademaker AW. Effects 
of two types of tongue strengthening exercises in young nor-
mals. Folia Phoniatr Logop. 2003;55:199–205. https ://doi.
org/10.1159/00007 1019.

 29. Robbins J, Gangnon RE, Theis SM, Kays SA, Hewitt AL, Hind 
JA. The effects of lingual exercise on swallowing in older adults. 
J Am Geriatr Soc. 2005;53:1483–9. https ://doi.org/10.111
1/j.1532-5415.2005.53467 .x.

 30. Van den Steen L, Schellen C, Verstraelen K, Beeckman A-S, Van-
derwegen J, De Bodt M, Van Nuffelen G. Tongue-strengthening 
exercises in healthy older adults: specificity of bulb position 
and detraining effects. Dysphagia. 2018;33:337–44. https ://doi.
org/10.1007/s0045 5-017-9858-3.

 31. Burkhead LM, Sapienza CM, Rosenbek JC. Strength-training 
exercise in dysphagia rehabilitation: principles, procedures, and 
directions for future research. Dysphagia. 2007;22:251–65. https 
://doi.org/10.1007/s0045 5-006-9074-z.

 32. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. 
Preferred reporting items for systematic reviews and meta-anal-
yses: the PRISMA statement. BMJ. 2009;339:b2535. https ://doi.
org/10.1136/bmj.b2535 .

 33. McHugh ML. Interrater reliability: the kappa statistic. Biochem 
Med (Zagreb). 2012;22:276–82.

 34. Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman 
AD, Savović J, Schulz KF, Weeks L, Sterne JAC. The Cochrane 
Collaboration’s tool for assessing risk of bias in randomised trials. 
BMJ. 2011;343:d5928–d6282. https ://doi.org/10.1136/bmj.d5928 
.

https://doi.org/10.1016/j.apmr.2006.11.002
https://doi.org/10.1016/j.apmr.2006.11.002
https://doi.org/10.3109/17549507.2012.752864
https://doi.org/10.3109/17549507.2012.752864
https://doi.org/10.1007/s00455-016-9699-5
https://doi.org/10.1007/s00455-016-9699-5
https://doi.org/10.1044/2016_AJSLP-15-0051
https://doi.org/10.1111/j.1096-3642.1985.tb01178.x
https://doi.org/10.1111/j.1096-3642.1985.tb01178.x
https://doi.org/10.1159/000069470
https://doi.org/10.1177/019459988910000109
https://doi.org/10.1007/PL00009582
https://doi.org/10.1007/PL00009582
https://doi.org/10.1016/0016-5085(95)90690-8
https://doi.org/10.1016/0016-5085(95)90690-8
https://doi.org/10.1002/ar.22711
https://doi.org/10.1002/ar.22711
https://doi.org/10.1007/s00455-007-9093-4
https://doi.org/10.1044/1092-4388(2009/09-0076)
https://doi.org/10.1044/1092-4388(2009/09-0076)
https://doi.org/10.1007/s00455-007-9128-x
https://doi.org/10.1007/s00455-007-9128-x
https://doi.org/10.1002/hed.20577
https://doi.org/10.1044/1092-4388(2010/09-0068)
https://doi.org/10.1044/1092-4388(2010/09-0068)
https://doi.org/10.1007/s00455-016-9695-9
https://doi.org/10.1007/s00455-016-9695-9
https://doi.org/10.1093/gerona/glq234
https://doi.org/10.1093/gerona/glq234
https://doi.org/10.1044/1092-4388(2011/11-0045)
https://doi.org/10.1044/1092-4388(2011/11-0045)
https://doi.org/10.1044/1092-4388(2009/08-0062)
https://doi.org/10.1044/1092-4388(2009/08-0062)
https://doi.org/10.1159/000071019
https://doi.org/10.1159/000071019
https://doi.org/10.1111/j.1532-5415.2005.53467.x
https://doi.org/10.1111/j.1532-5415.2005.53467.x
https://doi.org/10.1007/s00455-017-9858-3
https://doi.org/10.1007/s00455-017-9858-3
https://doi.org/10.1007/s00455-006-9074-z
https://doi.org/10.1007/s00455-006-9074-z
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.d5928


761S. Smaoui et al.: Effects of Lingual Resistance Training on Adult Swallowing

1 3

 35. National Heart, Lung, and Blood Institute (2014) National Insti-
tute of Health, Quality assessment tool for observational cohort 
and cross-sectional studies. Bethesda: National Heart, Lung, and 
Blood Institute

 36. Viera AJ, Garrett JM. Understanding interobserver agreement: the 
kappa statistic. Fam Med. 2005;37(5):360–3.

 37. Kim Choi, Yoo Chang, Lee Park. Tongue-to-palate resistance 
training improves tongue strength and oropharyngeal swallow-
ing function in subacute stroke survivors with dysphagia. J Oral 
Rehabil. 2017;44:59–64.

 38. Park J-S, Kim H-J, Oh D-H. Effect of tongue strength training 
using the Iowa Oral Performance Instrument in stroke patients 
with dysphagia. J Phys Ther Sci. 2015;27:3631–4. https ://doi.
org/10.1589/jpts.27.3631.

 39. Cho Y-S, Oh D-H, Paik Y-R, Lee J-H, Park J-S. Effects of bed-
side self-exercise on oropharyngeal swallowing function in 
stroke patients with dysphagia: a pilot study. J Phys Ther Sci. 
2017;29:1815–6. https ://doi.org/10.1589/jpts.29.1815.

 40. Bonilha HS, Blair J, Carnes B, Huda W, Humphries K, McGrattan 
K, Michel Y, Martin-Harris B. Preliminary investigation of the 
effect of pulse rate on judgments of swallowing impairment and 
treatment recommendations. Dysphagia. 2013;28:528–38. https 
://doi.org/10.1007/s0045 5-013-9463-z.

 41. Kim DH, Choi KH, Kim HM, Koo JH, Kim BR, Kim TW, Ryu JS, 
Im S, Choi IS, Pyun SB, Park JW, Kang JY, Yang HS. Inter-rater 
Reliability of Videofluoroscopic Dysphagia Scale. Ann Rehabil 
Med. 2012;36:791–6. https ://doi.org/10.5535/arm.2012.36.6.791.

 42. Rosenbek JC, Robbins JA, Roecker EB, Coyle JL, Wood JL. A 
Penetration-Aspiration Scale. Dysphagia. 1996;11:93–8. https ://
doi.org/10.1007/BF004 17897 .

 43. Eisenhuber E, Schima W, Schober E, Pokieser P, Stadler A, 
Scharitzer M, Oschatz E. Videofluoroscopic assessment of 
patients with dysphagia: pharyngeal retention is a predictive 

factor for aspiration. Am J Roentgenol. 2002;178:393–8. https ://
doi.org/10.2214/ajr.178.2.17803 93.

 44. Pearson WG, Molfenter SM, Smith ZM, Steele CM. Image-based 
measurement of post-swallow residue: the Normalized Residue 
Ratio Scale. Dysphagia. 2013;28:167–77. https ://doi.org/10.1007/
s0045 5-012-9426-9.

 45. McHorney CA, Robbins J, Lomax K, Rosenbek JC, Chignell K, 
Kramer AE, Earl Bricker D. The SWAL–QOL and SWAL–CARE 
outcomes tool for oropharyngeal dysphagia in adults: III. Docu-
mentation of reliability and validity. Dysphagia. 2002;17:97–114. 
https ://doi.org/10.1007/s0045 5-001-0109-1.

 46. Swan K, Cordier R, Brown T, Speyer R. Psychometric properties 
of visuoperceptual measures of videofluoroscopic and fibre-endo-
scopic evaluations of swallowing: a systematic review. Dysphagia. 
2018. https ://doi.org/10.1007/s0045 5-018-9918-3.

 47. Mokkink LB, Terwee CB, Knol DL, Stratford PW, Alonso J, 
Patrick DL, Bouter LM, de Vet HCW. Protocol of the COSMIN 
study: COnsensus-based Standards for the selection of health 
Measurement INstruments. BMC Med Res Methodol. 2006;6:2. 
https ://doi.org/10.1186/1471-2.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Sana Smaoui MHSc, S-LP(C)

Amy Langridge MHSc, S-LP

Catriona M. Steele Ph.D., S-LP(C), CCC-SLP

https://doi.org/10.1589/jpts.27.3631
https://doi.org/10.1589/jpts.27.3631
https://doi.org/10.1589/jpts.29.1815
https://doi.org/10.1007/s00455-013-9463-z
https://doi.org/10.1007/s00455-013-9463-z
https://doi.org/10.5535/arm.2012.36.6.791
https://doi.org/10.1007/BF00417897
https://doi.org/10.1007/BF00417897
https://doi.org/10.2214/ajr.178.2.1780393
https://doi.org/10.2214/ajr.178.2.1780393
https://doi.org/10.1007/s00455-012-9426-9
https://doi.org/10.1007/s00455-012-9426-9
https://doi.org/10.1007/s00455-001-0109-1
https://doi.org/10.1007/s00455-018-9918-3
https://doi.org/10.1186/1471-2

	The Effect of Lingual Resistance Training Interventions on Adult Swallow Function: A Systematic Review
	Abstract
	Introduction
	Methods
	Search Strategy
	Eligibility Criteria
	Study Selection
	Risk of Bias (Quality) Assessment
	Data Extraction Process

	Results
	Literature Retrieval
	Quality Assessment
	Patient Characteristics
	Question 1: Training Protocols
	Question 2: Swallowing function
	VFSS Protocols 
	Swallowing Biomechanics 
	Swallowing Safety 
	Swallowing Efficiency 

	Question 3: Other Measures
	Question 4: Lingual Resistance Training Intervention Outcome
	Tongue Pressure Generation 
	Swallowing Outcomes 



	Discussion
	Risk of Bias
	Patient Characteristics and Outcome Measures
	Limitations

	Conclusions
	Acknowledgements 
	References




