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Abstract The purpose of this systematic review was to

examine the evidence for the use of the Iowa Oral Per-

formance Instrument (IOPI) to measure strength and

endurance of the tongue and hand in healthy populations

and those with medical conditions. A systematic search of

the scientific literature published since 1991 yielded 38

studies that addressed this purpose. The IOPI was used

primarily for tongue strength (38 studies) and endurance

(15 studies) measurement; relatively few studies measured

hand strength (9 studies) or endurance (6 studies). The

majority of the studies identified used the IOPI as an

evaluation tool, although four used it as an intervention

tool. Half the studies were conducted in healthy people,

primarily adults. Most of the other participants had disor-

ders with dysphagia, primarily Parkinson’s disease or head

or neck cancer. Age and gender, as well as a number of

medical conditions, influence the values of tongue and

hand strength. There is sufficient evidence to support the

use of the IOPI as a suitable tool for measuring tongue

strength and endurance and as an assessment tool for

intervention studies, and there is growing support for its

use to assess hand strength and endurance in healthy and

clinical populations.

Keywords Tongue strength � Iowa Oral Performance
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Introduction

In the early 1990s, new tools to measure the pressure

generated by contact between the tongue and palate were

developed which offered speech-language pathologists an

objective means of assessing tongue strength and endur-

ance. One such tool was the Iowa Oral Performance

Instrument (IOPI) [1], which has been used primarily in the

US over the past two decades. The IOPI was originally

developed to examine the relationships between tongue

strength or endurance and speech motor control; its role has

subsequently been extended to examine relationships with

swallowing. Over this time a number of research studies

have been conducted using the IOPI on both healthy and

clinical populations to provide data that can be used to

establish normative IOPI values for tongue strength and

endurance and to investigate the possible influences of age,

gender, and medical condition on these values [2–30].

The IOPI is a portable, handheld device that uses an air-

filled pliable plastic tongue bulb (approximately 3.5 cm

long and 4.5 cm in diameter with an approximate internal
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volume of 2.8 ml) connected via an 11.5-cm-long clear

plastic tube to measure peak pressure [in kilopascals (kPa)]

exerted on the tongue bulb. It contains pressure-sensing

circuitry, a peak-hold function, and a timer. Researchers

have used this device in many studies to measure tongue

strength and endurance with excellent interrater reliability

[2, 3]. Currently it is one of the most commonly used

measurement techniques available to objectively measure

tongue strength and endurance [31]. A hand bulb has also

been developed for use with the IOPI, to assess hand

strength and endurance.

Therefore, the primary aim of this systematic review

was to evaluate the utility of the IOPI as an effective tool

for assessing both tongue and hand strength and endurance

in healthy and clinical populations and, if possible, to

identify representative values of these measures. Secondary

aims were to investigate the effects of age and gender on

the measured values and, the impact of clinical conditions,

and to determine how the IOPI can be used as an inter-

vention tool to improve tongue strength and/or endurance.

Meta-analyses to consolidate these effects were conducted

where appropriate.

Methods

The Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) statement [32] and the Consol-

idated Standards of Reporting Trials (CONSORT) state-

ment [33] guided the conduct and reporting of this review.

Eligibility Criteria

A systematic computer-based search of 21 databases

(Table 1) and Google Scholar was conducted between

January 1990 and April 2012. The search terms used were

‘‘Iowa Oral Performance Instrument’’ and ‘‘IOPI.’’ The

search was limited to publications in English and peer-

reviewed journals. An additional search of the databases

using ‘‘tongue strength’’ was conducted to ensure maxi-

mum inclusion of potential articles. All reference lists in

selected journal articles were screened for additional

potentially relevant articles that met the eligibility criteria.

The first authors of two relevant journal articles [3, 16]

were contacted in April and June 2012 to obtain participant

numbers, gender balance, and standard deviations from

those studies to allow them to be included in the review.

Eligible studies included cross-sectional, time series, pro-

spective cohort, and randomized controlled studies that

provided values for tongue or hand strength or endurance

measured with the IOPI, and studies that evaluated the

IOPI as an intervention tool in measuring strength/endur-

ance in healthy or disordered populations. Exclusion

criteria were studies that did not use the IOPI as a mea-

surement device; abstracts, theses, posters or conference

papers; or papers that contained no relevant data.

Study Selection

After duplicates were deleted, eligibility assessment was

performed independently in an unblinded standardized

manner by the first author (VA), with any uncertainties

resolved by a second author (RC). Retrieved records were

screened for relevance and inclusion by title and abstract.

Data Extraction Process and Data Items

All data were extracted from the studies by one author (VA). If

available, statistics such as 95 % confidence interval (CI) or

standard error (SE) were converted to the required form

[mean ± standard deviation (SD)] according to the calcula-

tions outlined in the Cochrane Handbook for Systematic

Reviews of Interventions (Sects. 7.7 and 16.1.3.2) [34].

Information extracted included (1) authors and year of pub-

lication, (2) setting, (3) groups if appropriate, (4) number of

participants, (5) gender, (6) mean age, (7) age range, (8) means

and standard deviations (SD) of IOPI measures, (9) outcomes

of any comparisons between groups and whether p values

were reported, (10) effect size of any comparisons, and (11) a

clear population description (healthy or with disorders).

Studies that were published after 2000 used the second-

generation IOPI tongue bulbs (soft vinyl blue plastic bulbs

attached to a polyethylene tube with a 2-mm inner diam-

eter). Studies measuring tongue strength published prior to

2000 were further examined to determine bulb texture and

Table 1 A systematic computer-based search of electronic databases

and vendors

Cochrane library (Wiley Interscience)

CINAHL

EBSCO (Academic search complete, Communications & mass,

media complete, Education resources complete, Health source:

Nursing, Masterfile premier, Psyc & Behavioural sciences

collection, SportsDiscus)

Embase (Elsevier)

Linguistics Language Behavior Abstracts (LLBA)

Medline

OVID

Proquest

PubMed

ScienceDirect

Scopus

SpringerLink

Taylor & Francis

Web of knowledge (science citation index; social science citation

index)
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colour. Because of slightly different internal volumes and

surface areas, pressure values obtained from first-genera-

tion clear air-filled tongue bulbs or latex bulbs must be

multiplied by 0.87 to be comparable to the data from the

second-generation bulb [19]; this correction was made

where required to the values reported in this review.

Whether this correction adequately addresses all variations

in the materials in the early years is uncertain.

Risk of Bias in Intervention Studies

Risk of bias was assessed for randomized controlled trials

and prospective cohort studies by two authors (VA and RC)

using a 10-item quality checklist adapted from the CON-

SORT statement [35]. In the case of disagreement, dis-

cussion took place until a consensus was reached. The

items and explanations of the scoring for each item are

reported in Table 2. Each item was scored with a ‘‘1’’ for

‘‘yes’’ or ‘‘0’’ for ‘‘no.’’ The studies were then classified as

having a low (score C 6) or high risk of bias (score B 5).

Summary Measures and Synthesis of Results

The primary outcome measures for this review were the

means ± SD of the IOPI measures [tongue and hand

strength (kPa) and endurance (seconds, s)] for the descri-

bed population samples. Differences between population

groups and the effects of intervention studies were exam-

ined using statistical comparisons and effect sizes such as

Cohen’s d. Meta-analyses of healthy participants with

outcomes for tongue strength (kPa) and tongue endurance

(s) were conducted on eligible evaluation studies. Results

were pooled in separate meta-analyses using RevMan 5.1.4

for Windows (The Cochrane Collaboration). All data were

continuous and reported on the same scale for age and

gender. The aggregate result was calculated as the weigh-

ted mean difference (WMD) between age and/or gender.

Funnel plots to assess publication bias were generated if

more than ten studies were included in the meta-analysis

[34]. Meta-analysis was deemed inappropriate if results

from fewer than three studies were compatible for analysis.

Table 2 A 10-item quality checklist scale and explanation of scoring for randomized control trials

Indicator Quality marker

Study design Controlled trial*

Cohort study

Retrospective case control or single-subject design

Case series

Case study

Blinding Assessors blinded*

Assessors not blinded or not stated

Sampling/allocation Random sample adequately described*

Random sample inadequately described

Convenience sample adequately described

Convenience sample inadequately described or hand-picked sample or not stated

Group/participant comparability Groups/participants at baseline on important factors (between-subject design)

or participant(s) adequately described (within-subject design)*

Groups/participants not comparable at baseline or comparability not reported

or participant(s) not adequately described

Outcomes At least one primary outcome measure is valid and reliable*

Validity unknown but appears reasonable; measure is reliable

Invalid and/or unreliable

Significance p value reported or calculable*

p value neither reported or calculable

Precision Effect size and confidence interval reported or calculable*

Effect size or confidence interval, but not both, reported or calculable

Intention to treat (controlled trials only) Analysed by intention to treat*

Not analysed by intention to treat or not stated

* Indicates highest level of quality
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Results

Study Selection

A search across 21 databases identified a total of 295

articles for inclusion in the review (Fig. 1). An additional

47 articles were identified from searching the reference

lists of the included articles. After deleting duplications,

162 remained. Of these, 126 studies were excluded as they

did not meet the eligibility criteria. The full texts of the

remaining 42 articles were examined in greater detail. Four

of these articles did not meet the inclusion criteria as they

did not provide IOPI data on tongue or hand strength or

endurance. Thirty-eight studies met the inclusion criteria

and were included in the systematic review.

Study Characteristics

Of the 38 included studies, 36 were conducted in the US,

one in Brazil, and one in Taiwan. The collective sample

size was 1,729 participants, with 882 males (51 %) and 847

females. Participants consisted of 53 % healthy people and

47 % from disordered populations [Parkinson’s disease

(PD), head and neck cancer (HNC), multiple sclerosis

(MS), motor neuron disease (MND), traumatic brain injury

(TBI), nasopharyngeal cancer (NPC), oculopharyngeal

muscular dystrophy (OPMD), cerebrovascular accident

(CVA), developmental apraxia of speech (DAS), devel-

opmental verbal dyspraxia (DVD)]. The participants were

recruited from the community (24 %), clinics (21 %), had

no setting stated (21 %), hospitals (16 %), schools or uni-

versities (13 %), or from other research projects (5 %).

Age ranges included children and adolescents (3–17 years)

and adults (18–96 years). Included studies were classified

as evaluation studies 87 % (n = 33) or intervention studies

13 % (n = 5).

Evaluation Studies

Tongue Strength in Healthy Populations

Sixteen studies (adults n = 14 and children n = 2) reported

measures of tongue strength in healthy individuals (Table 3).

Mean values ranged from 43 to 78 kPa in healthy adults.

Records identified through 
database searching

(n = 295)

Additional records identified 
through other sources

(n = 47)

Records after duplicated removed
(n = 166)

Records excluded
(n = 124)

Used another device (n = 50) 
No data (n = 42)

Abstracts, poster, theses, 
conference papers (n = 32)

Records screened on basis 
of title and abstract

(n = 166)

Full-text articles excluded, 
with reasons

No data (n = 4)

Full-text articles 
assessed for eligibility

(n = 42)

Studies included in review
(n = 38)

Fig. 1 A flowchart of the

literature search pertaining to

the IOPI for measuring tongue

and hand strength and

endurance
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Twelve studies reported data for healthy adult males and

females; mean values for tongue strength in healthy males

ranged from 49.25 ± 18.64 to 73.33 ± 12.03 kPa com-

pared to moderately lower values for healthy females

(37.00 ± 11.36–66.96 ± 11.60 kPa) at similar ages. Values

of tongue strength in the healthy adult population were

reported primarily for anterior elevation and secondarily for

posterior elevation. Reports of other tongue strength mea-

sures using the IOPI (i.e., lateralization and protrusion) were

not considered for this review. Three studies [5, 7, 15]

measured tongue strength in both the anterior and the pos-

terior position. Two studies [5, 15] investigated tongue

strength anteriorly and posteriorly and reported values

4–9 kPa below the norm. Tongue strength measured in the

anterior position (56.50 ± 13.60–73.33 ± 12.03 kPa) was

typically stronger than in the posterior position (52.00 ±

15.20–55.75 ± 13.58 kPa). In addition, findings from these

three studies indicated that males (57.50 ± 15.10–73.33 ±

12.03 kPa) were stronger than females (56.50 ± 13.60–

61.27 ± 14.80 kPa) anteriorly but not posteriorly.

One study [14] reported values of tongue strength that

were much lower than those reported by previous studies of

healthy participants. Measures of tongue strength in this

study were obtained while simultaneously recording from

intramuscular electrodes inserted into the muscles of the

tongue. No pre-electrode-insertion measures had been

obtained but one female participant was measured when

only a few electrodes were inserted (43 kPa) and again

with all electrodes in place (29 kPa); a substantial decrease

in tongue strength was observed with more electrodes,

which explains the low values reported in this study. Males

(range = 34–72 kPa, mean = 49 kPa) again were found to

be stronger than females (range = 32–50 kPa, mean =

37 kPa).

Maximum tongue strength was observed to decrease

with increasing age in nine studies involving healthy adults

[2–4, 6, 7, 9, 10, 15, 36]. Results from these studies indi-

cated that maximum tongue strength of the oldest adults

was, on average, 10–15 kPa lower than that of young

adults. Two studies investigated tongue strength in healthy

children. Potter et al. [37] studied children aged 3–5 years

and found tongue strength increased with age (p \ 0.001).

In another article, Potter et al. [38] reported tongue strength

in children and adolescents (3–17 years) and found sig-

nificant differences in tongue strength with age up to

10 years, after which no significant age-related differences

were observed [38].

Tongue Strength in Populations with Disorders

Seventeen studies (adults n = 15 and children n = 2) repor-

ted measures of tongue strength (kPa) in populations with a

disorder (Table 4). The main disorders were PD (n = 5),

HNC (n = 3), and OPMD (n = 2). Mean values for PD

ranged from 44.26 ± 3.22 to 55.11 ± 13.82 kPa, with

higher tongue strength values in males than in females. Three

studies investigated HNC [18, 20, 25], with values ranging

from 37.05 ± 14.42 to 56.00 kPa. Lazarus et al. [25] reported

that mean maximum tongue strength at 1 month after treat-

ment was not significantly different than that at pretreatment

but did increase significantly 6 and 12 months after treat-

ment. Two studies investigated OPMD [23, 30] and found

values much lower (19.50 ± 0.71–26.90 ± 7.80 kPa) than

those of healthy controls and those with other disorders such

as PD.

Tongue Endurance in Healthy Populations

Tongue endurance (s) was measured isometrically at 50 % of

maximal tongue strength (Pmax) in the anterior position

(unless otherwise stated) and reported in four studies

(Table 3) in healthy people. The effect of age on tongue

endurance in males and females in four age groups (young,

middle-aged, older, and elderly) was examined [10].

Regardless of age or sex, overall mean tongue endurance was

44.80 ± 28.00 s, and no significant differences in tongue

endurance with age were observed (p = 0.67). Mean tongue

endurance values ranged from 15.72 ± 5.86 to 37.85 ±

23.55 s for males and from 16.23 ± 7.07 to 36.35 ± 11.74 s

for females, with no significant age effects in either males

(p = 0.61) or females (p = 0.33). A comparison of tongue

endurance in two age groups (20–35 and 65–82 years) and in

two positions on the tongue (anterior and posterior) was

conducted [15]. Significant differences in tongue endurance

between the anterior and posterior position were observed

(p = 0.0005) but no significant age or gender differences

were reported. Neel and Palmer [6] examined tongue

endurance in males and females in two age groups (20–40

and 42–78 years). Males had higher values than females

(p \ 0.03) and there was a trend for older adults to have

higher values than younger adults (p \ 0.10). The mean

values for each subgroup were as follows: older males,

44.70 ± 28.40 s; younger males, 31.00 ± 17.40 s; older

females, 27.70 ± 17.70 s; and younger females, 23.20 ±

9.20 s. Vitorino et al. [4] measured the tongue endurances of

three age groups (20–40, 41–60, and 61–80 years) and found

that they were lower than those in other studies; however, no

significant differences were reported across age (p [ 0.05)

or gender (p [ 0.05). Robin et al. [8] investigated tongue

endurance in individuals with high tongue skills levels (e.g.,

trumpet players and debaters). Although values were not

provided (other than in a figure), they reported that both

debaters and trumpet players had substantially higher

endurance values than healthy controls.
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Tongue Endurance in Populations with Disorders

Ten studies (adults n = 9 and children n = 1) measured ton-

gue endurance (s) isometrically at 50 % of maximum tongue

strength in populations with disorders (Table 4). Five disorders

accounted for most of those measured: PD, HNC, OPMD,

NPC, and TBI. Three studies’ [16, 17, 19] endurance values

ranged from 6.00 to 23.23 ± 11.14 s compared to those of a

control group (23.14 ± 11.58–38.46 ± 32.05 s). Females in

PD studies (22.20 ± 20.81 s) were better able to hold 50 %

maximum tongue strength than males (21.10 ± 9.52 s).

Stierwalt and Youmans [26] examined tongue endurance in

patients with various medical conditions, including 29 partic-

ipants following CVA, with males reporting longer endurance

times (49.85 ± 52.27 s) than females (37.77 ± 37.30 s). No

endurance data were available for individuals following CVA.

One study [39] investigated children with DAS and/or DVD

and found that males (14.50 ± 14.47 s) had better endurance

than females (8.78 ± 10.54 s). Males in the control group

(38.14 ± 17.10 s) also had longer endurance times than

female controls (24.00 ± 19.91 s). This study also reported

that children with DVD and/or DAS (9.10 ± 4.84 s) were not

able to hold an endurance level similar to the control group

(24.03 ± 4.13 s) [39].

Comparisons with healthy control groups indicate that

populations with disorders have significantly lower tongue

endurance, with the magnitude of the decrease dependent

on the specific medical condition; this was demonstrated in

a study on OPMD in older adults by Palmer et al. [30].

Compared to a control group, the OPMD group showed a

decrease in tongue endurance; however, it was not signif-

icant [30].

Hand Strength in Healthy Populations

Only three studies (adults n = 2 and children n = 1) reported

hand strength (kPa) in healthy individuals (Table 5). Such a

small number of studies provides little basis for the estab-

lishment of normative hand strength values in healthy adults.

Crow and Ship [10] investigated the effects of age and gender

on hand strength in healthy adults, with males (155.10 ±

44.60 kPa) stronger (p \ 0.001) than females (123.60 ±

27.20 kPa). Younger adults had the highest values

(165.00 ± 43.80 kPa), followed by middle-aged (157.70 ±

34.10 kPa), older (129.00 ± 35.30 kPa), and elderly

(110.00 ± 33.20 kPa) groups. Mean hand strength across

broader age groups was also reported (140.43 ± 36.60 kPa)

with a significant difference in strength (p \ 0.01) between

individuals older than 59 years and younger groups. Robin

et al. [8] reported hand strength values for trumpet players

(157.34 ± 25.74 kPa) and a control group (171.58 ±

23.32 kPa), with a significant difference observed

(p \ 0.0001). A debaters group (171.35 ± 13.20 kPa)

showed values that were also significant (p \ 0.0002) when

compared to a control group (181.13 ± 23.32 kPa). Potter

et al. [37] reported a mean hand strength of 48.41 ±

8.18 kPa in 48 children aged 3–5 years.

Hand Strength in Populations with Disorders

Five studies (adults) reported measures of hand strength

(kPa) in populations with medical conditions (Table 6),

primarily PD. Two studies [17, 19] examined hand strength

in older adults with PD. Solomon et al. [17] reported that

males (131.20 ± 29.84 kPa) were stronger than females

(94.83 ± 35.36 kPa) but not as strong as the age- and gen-

der-matched control groups (males 150.08 ± 34.13, and

females 120.64 ± 25.16). Solomon et al. [19] reported val-

ues for males and females with PD (140.33 ± 23.46 and

98.25 ± 14.31 kPa respectively); however, these values

were not significantly different (p = 0.362) from those of

male and female control group participants (136.58 ± 23.75

and 101.75 ± 24.88 kPa, respectively).

Hand Endurance in Healthy Populations

Two studies (adults n = 1 and children n = 1) measured

hand endurance at 50 % of maximum hand strength. One

study [10] measured hand endurance in healthy adults

(Table 5). Mean hand endurance, regardless of age, was

79.40 ± 45.25 s, and there were no significant differences in

hand endurance with age whether analysed with all partici-

pants (p = 0.41) or by gender (males, p = 0.38, and females,

p = 0.56). Mean values reported for different age groups

were as follows: middle-aged adults, 88.50 ± 39.60 s;

adults, 84.20 ± 46.60 s; elderly adults, 72.60 ± 50.50 s;

and younger adults, 72.30 ± 44.30 s. There was a trend

(p = 0.08) for females to sustain hand endurance longer

(90.30 ± 49.80 s) than males (74.20 ± 38.30 s). Robin

et al. [39] examined hand endurance in 26 healthy adults and

6 healthy children. Children sustained hand endurance for an

average of 24.03 ± 4.13 s while adults averaged 36.31 ±

10.13 s (p \ 0.05).

Hand Endurance in Populations with Disorders

Five studies (adults n = 4 and children n = 1) reported on

hand endurance in populations with disorders (Table 6).

Three studies examined PD [16, 17, 19]. Solomon et al.

[16] reported three case studies (one male and two females)

and found reduced or abnormal findings for hand endur-

ance. In another study, Solomon et al. [17] reported

hand endurance values for males (44.81 ± 45.95 s) and

females (46.50 ± 18.48 s) with a statistically significant

difference between PD and control groups (p = 0.025). In

yet another study, Solomon et al. [19] reported hand
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endurance values for males (53.18 ± 20.79 s) and females

(63.40 ± 39.48 s) with no significant difference between

the disordered and control groups (p = 0.805). Stierwalt

et al. [40] measured hand endurance in 23 children with

TBI compared to a control group and found a significant

difference between groups (p = 0.0001). One study [39]

reported hand endurance for children aged 8–10 years with

DAS of 11.57 ± 6.96 s, which was significantly different

(p \ 0.05) to that for the healthy control group

(48.00 ± 10.14 s). This study also reported values for one

female with TBI (56.00 s) and found a comparable result to

a control group (56.49 ± 13.70 s) (no p value reported).

Results of Meta-Analyses

Meta-analyses were conducted for tongue strength and

endurance for age and gender. Funnel plot comparison for

meta-analyses 2, 3, and 4 were not generated as fewer than

ten studies were included. Meta-analysis was deemed

inappropriate for younger participants (\60 years) versus

older participants (60? years) for males and females as

results from fewer than three studies were compatible for

analysis.

Tongue Strength

Meta-Analysis 1

A total of 816 participants (425 males and 391 females) from

17 studies, with an age range of 19–96 years, were included.

The studies were statistically heterogeneous (s2 = 20.05;

v2 = 112.78, df = 16, p \ 0.00001, I2 = 86 %), so the

random-effects model was used. Meta-analysis (Fig. 2)

revealed statistically significant greater tongue strength in

males than in females [WMD = 5.21 kPa (95 % CI 2.26,

8.17), Z = 3.46, p = 0.0005]. As this meta-analysis used a

random-effects estimate, a funnel plot comparison for ton-

gue strength to assess publication bias was not generated

even though more than ten studies were included. Random-

effects estimates give greater relative weight to smaller

studies and may lead to wider CIs [34].

Meta-Analysis 2

Two age groups were considered:\60 years (younger) and

60? years (older). Younger adults (n = 484) were com-

pared to older adults (n = 275) from eight studies (total 759).

The studies were not statistically heterogeneous (v2 = 3.54,

df = 7, p = 0.83, I2 = 0 %) so the fixed-effects model was

used. Meta-analysis (Fig. 3) revealed statistically significant

greater tongue strength in adults \60 years compared to

adults 60? years [WMD = 8.30 kPa (95 % CI 6.37, 10.23),

Z = 8.43, p \ 0.00001).T
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Meta-Analysis 3

Two age groups were considered for males (n = 156):

\60 years (younger) and 60? years (older). There were

five studies that included 93 younger males and 63 older

males. Studies were not statistically heterogeneous

(v2 = 7.83, df = 4, p = 0.10, I2 = 49 %), so the fixed-

effects model was used. Meta-analysis (Fig. 4) revealed

that younger males had significantly stronger tongue

strength than older males [WMD = 8.00 kPa (95 % CI

4.92, 11.08), Z = 5.09, p \ 0.00001].

Meta-Analysis 4

Two age groups were considered for females (n = 133):

\60 years (younger) and 60? years (older). There were

four studies that included 80 younger females and 53 older

females. Studies were not statistically heterogeneous

(v2 = 5.40, df = 3, p = 0.14, I2 = 44%), so the fixed-

effects model was used. Meta-analysis (Fig. 5) revealed

that younger females had significantly stronger tongue

strength than older females [WMD = 9.43 kPa (95 % CI

5.57, 13.28), Z = 4.79, p \ 0.00001).

Tongue Endurance

We conducted one meta-analysis that included six studies with

a total of 231 subjects (112 males and 119 females). The

evaluation studies were statistically heterogeneous

(v2 = 7.37, df = 5, p = 0.19, I2 = 32%), so the fixed-effects

model was used. The meta-analysis (Fig. 6) revealed no sta-

tistically significant difference in tongue endurance between

adult males and females across all ages [WMD = -0.40 s

(95 % CI -1.39, 0.58), Z = 0.80, p = 0.42].

Fig. 2 Forest plot of comparison: tongue strength by age and gender, adults \60 years vs adults 60? years

Fig. 3 Forest plot of comparison: tongue strength by age and gender, males vs females
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Intervention Studies

Five studies investigated the effects of intervention on the

strength and endurance of the tongue (Table 7). Two RCTs

[41, 42] used the IOPI as both an intervention and an eval-

uation tool and evaluated the effects of tongue-strengthening

exercises on tongue strength and endurance in healthy adults.

The third RCT [43] randomized participants to five tongue

training groups (strength, endurance, power, speed, and no

training) and used the IOPI to measure tongue strength,

endurance, and power, but not speed, before and after

training. Participants in the two prospective cohort studies

[44, 45] used the IOPI to measure tongue strength and

endurance following an 8-week tongue-strengthening exer-

cise program in older-adult healthy and stroke populations.

Studies varied in the following areas: age groups

(18–67, 19–57, 20–29, 51–90, 70–89 years), medical

condition (healthy, stroke), gender imbalance (more

females than males), study duration (4, 8, or 9 weeks),

participant group size (10, 31, 31, and 39), frequency of

measurements (time series, fortnightly, or monthly),

exercise program (10 repetitions 3 times/day on 3

nonconsecutive days; 10 repetitions 3 times/day for

7 days/week; 10 repetitions 5 times/day for 5 days/

week; or 3 sessions per week on 3 nonconsecutive days

for 4 weeks). Outcome measures (tongue strength and

endurance, only tongue strength, or tongue strength and

endurance within specific training groups), tongue bulb

position (anterior only or anterior and posterior), and

training specificity (directional exercise—elevation,

protrusion, lateralization, or none) were reported. The

RCT by Clark [43] differed from the other four inter-

vention studies in that it reported Cohen’s d values as

well as p values.

Fig. 4 Forest plot of comparison: tongue strength by age and gender, younger males vs older males

Fig. 5 Forest plot of comparison: tongue strength by age and gender, younger females vs older females

Fig. 6 Forest plot of comparison: tongue endurance by age and gender, males vs females
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Tongue Strength

Four studies examined tongue strength before and after

tongue-strengthening exercise programs (Table 7). Lazarus

et al. [42] investigated the effects of IOPI or tongue depressor

exercise training in young adults (20–29 years). The

responses of the two exercise intervention groups did not

differ, and when combined they showed significant

improvements from baseline (64.40 ± 8.71 kPa) to 4 weeks

(73.10 ± 7.33 kPa) compared to a no-exercise control group

(p = 0.04). Robbins et al. [44] examined the effects of

6 weeks of IOPI exercise training on older adults

(70–89 years). Significant increases in tongue strength were

observed from baseline to 4 weeks (p = 0.002) and from

baseline to 6 weeks (p = 0.001), with the following values

reported: baseline, 41.00 kPa (range = 36–46); 2 weeks,

44.00 kPa (range = 39–49); 4 weeks, 47.00 kPa

(range = 43–51); and 6 weeks, 49.00 kPa (range =

45–53). Clark et al. [41] examined the effects of 9 weeks of

training, using three different directional exercise conditions

(elevation, protrusion, and lateralization), on tongue strength

in healthy adults (18–67 years) measured with the IOPI.

Training effects were reported at 3 and 9 weeks. Significant

increases in strength were observed, with a 6 % change in

elevation strength (p \ 0.001) compared to 26.6 % for

lateralization (p \ 0.001) and 13.4 % for protrusion

(p \ 0.001). Clark [41] also examined the specificity of

exercise training effects using the IOPI in healthy adults

(19–57 years). Large (Cohen’s d = 1.06) improvements in

strength were observed for the strength-training group only.

Tongue Endurance

Two intervention studies investigated the effects of exercise

training on tongue endurance (Table 7). Lazarus et al. [42]

examined the effects of IOPI or tongue depressor exercise

training on tongue endurance in young adults (20–29 years).

There was a trend of increased tongue endurance from

baseline (25.00 ± 14.21 s) to 4 weeks (34.40 ± 31.62 s)

(p = 0.10). Training included ten repetitions completed five

times per day 5 days per week for 4 weeks, with each rep-

etition held for 2 s and performed in four directions (i.e., left,

right, on protrusion, and on elevation).

Clark [41] assessed tongue endurance using the IOPI to

determine the effects of four different types of exercise

training (including elevation exercises) that required the

tongue to be pressed against the hard palate just behind the

alveolar ridge with maximum effort. Training included ten

repetitions each of elevation, protrusion, and lateralization

7 days per week. Clark [43] found that endurance training

had a large effect (d = 1.29) on isotonic tongue endurance

(repetitions) but no effect on isometric endurance.

Risk of Bias in Intervention Studies

The results of the 10-item risk-of-bias analysis for the five

intervention studies are presented in Table 8. Interrater

reliability between two reviewers (VA and RC) for the

risk-of-bias items indicated a high level of agreement

across all items (percentage agreement 100 %, Cohen’s

j = 1). Each study received a point for each indicator that

met the quality criteria. For the three randomized con-

trolled trials, all eight quality indicators were relevant,

leading to a maximum quality score of 8. For the other

study designs, where an intention-to-treat analysis was not

applicable, the highest quality score was 7. Randomization

was described adequately and performed in two studies

[41, 43], and a control group (randomized participants) was

included in three studies [41–43]. Assessor blinding was

carried out in only one study [41]; baseline characteristics

were reported and at least one primary outcome measure

was valid and reliable in all five studies [41–45]; p values

were reported in five studies [41–45]. Effect sizes and/or

precision estimates (e.g., 95 % CI) were reported in two

studies [43, 45]; magnitude of effect size was determined

in two studies [43, 45] using Cohen’s benchmarks for

small, medium, and large effects as 0.2, 0.5, and 0.8,

respectively [46]. Summary results for individual study

groups were presented in all studies cited. One study [43]

indicated a low risk of bias with seven of the eight quality

markers and one study [41] had a low risk of bias with six

of the eight markers.

Discussion

This review systematically examined the state and quality

of the evidence for using the Iowa Oral Performance

Instrument (IOPI) to measure strength and endurance of the

tongue and hand in healthy populations and those with a

range of medical conditions. A systematic search of the

scientific literature published since 1991 yielded 38 studies

that addressed this purpose. The IOPI was used mostly for

tongue strength (38 studies) and endurance (15 studies)

measurements; relatively few studies measured hand

strength (9 studies) or endurance (6 studies). Most of the

studies used the IOPI as an evaluation tool, although four

studies also used it as an intervention tool. Half the studies

were conducted in healthy people, mostly adults. Most of

the other participants had disorders associated with dys-

phagia, such as PD or HNC. In healthy populations, both

age and gender influenced the tongue strength values

obtained, but there was no gender difference in tongue

endurance values.
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Consolidation of Results

Tongue Strength

The IOPI has been used mostly to measure tongue

strength, which was the original reason for its develop-

ment [39]. Tongue strength can be measured with the

tongue in different positions, and anterior measurements

produce higher values than posterior measurements.

Measures of tongue strength taken with the tongue in the

anterior position showed that males typically generate

higher values than females, but this difference appears to

be absent or substantially reduced when posterior mea-

surements are used [5, 7, 15]. Where the bulb is in the

mouth when recording tongue strength is important to

note because of the possibility of slippage in the anterior

and posterior positions. The average discrepancy between

male and female values of tongue strength in healthy

populations was 5.2 kPa, as suggested previously [1].

Age also influenced the values obtained, with strength

increasing with age in children [37, 38] and decreasing with

age in adults [2–7, 9, 10, 15]. A wide range of tongue

strength values has been reported even in healthy popula-

tions, no doubt reflecting the influences of age and gender of

the population sampled. Values ranged from 49 to 73 kPa

for males and from 37 to 67 kPa for females. The analysis of

gender showed that when younger adults (\60 years) were

compared to older adults an average difference of 8 kPa for

males and 9 kPa for females was indicated. There are likely

to be differences between other age groups as well, but there

are insufficient data to determine the magnitude of any

differences. For future research studies, the age and gender

effects on values mean that randomization to groups should

consider stratifying by age and gender.

For clinical practice, there is a need to develop gender-

based normative data in a number of age groups, including

children and adolescents. Also, a systematic investigation

of tongue strength and endurance in adults and children

with medical conditions is required as there are limited

normative values for individuals with a medical condition.

Three studies conducted in healthy populations reported

lower than typical tongue strength measures. Palmer et al.

[14] obtained much lower values during measurements

obtained when intramuscular electrodes were inserted into

specific muscles of the tongue. It is likely that the presence

of the electrodes caused discomfort and muscle contrac-

tions were altered, thus reducing maximal strength per-

formance. Vitorino [4] examined tongue strength in

Portuguese speakers, with males (58.20 ± 7.10 kPa) and

females (57.10 ± 8.50 kPa) showing 11 % lower tongue

strength compared to English speakers. The inclusion of a

small number (n = 10) of older Portuguese speakers may

have contributed to the lower values as tongue strength hasT
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been shown to decrease in older people. Robbins et al. [9]

measured strength of the tongue at three different positions

(blade, dorsum, tip) in young (22–33 years) and old

(67–83 years) healthy adults. Despite the values being lower

than those reported in many other studies, the same trends

were observed where older adults had lower tongue strength

compared to younger adults.

Tongue Endurance

Of the 16 evaluation studies on healthy participants, five

measured tongue endurance, which was measured mostly

with the tongue in the anterior position. A wide range of

values was observed, but there were no clear gender or age

effect on tongue endurance. Two of the five studies reported

values lower than those of other studies included in this

review. Vitorino [4] reported a mean tongue endurance of

16.20 ± 8.57 s. There is no clear explanation for these low

values. Neel et al. [6] reported values that were below the

suggested normative range for males (37.85 ± 23.55 s) and

females (25.45 ± 14.11 s). Kays et al. [15] reported

endurance values measured with the tongue in the anterior

position for both males and females, but observed that lower

endurance values were obtained from posterior position.

Hand Strength

Few studies have reported hand strength measured by the

IOPI. In general, males tended to have higher values than

females, and younger adults had higher values than older

adults. Populations with a disorder also had lower hand

strength values than healthy controls. There is a clear need

for further studies to determine representative values for

healthy gender-based age groups.

Hand Endurance

Duration of hand endurance at 50 % of maximum hand

strength is not well established. Only one study investi-

gated isometric hand endurance in only healthy individuals

[10]. No significant gender or age effects were observed.

Data from this study and the control group data in Table 5

indicate a large variation in hand endurance values.

Studies in Populations with a Disorder

Most of the studies to date have been conducted in partici-

pants with PD, OPMD, or HNC. Within each of these pop-

ulations there are still too few data to gain a clear quantitative

indication of the types of values that would be typical of these

conditions. Most surprisingly, there have been few studies in

which the IOPI was used with stroke patients or with patients

with other neurological conditions. Thus, there is a wide

scope in which to establish IOPI values for tongue and hand

strength and endurance in clinical populations.

Intervention Studies

Five studies [41–45] used the IOPI as an evaluation tool in

intervention research. Four of these studies [42–45] exam-

ined the effects of using the IOPI as a tongue exercise

training device, but no studies have used it as a training

device for the hand. These studies clearly indicate that the

IOPI can be an effective device for improving tongue

strength, and possibly tongue endurance. There is now sub-

stantial information to develop training protocols to address

particular tongue strength or endurance deficits. The IOPI is

also an effective tool to quantify the impact of tongue-

training interventions on tongue strength and endurance.

Clearly, there is also the potential for the IOPI to track

recovery after interventions or to provide better monitoring

of loss of strength or endurance in progressive diseases.

The IOPI appears to be an effective tool for quantifying

the impact of tongue-training interventions on tongue

strength and endurance. Randomizing participants to groups,

including control groups, blinding the assessors, and per-

forming and reporting sample size calculations could clearly

improve the quality of reporting of these intervention studies.

There is also room to improve measurement precision by

providing confidence intervals or, at a minimum, standard

deviations. Also, the reporting of effects sizes would be

beneficial to provide clear objective indications of the

magnitude of any effects. Future studies should address these

problems to prevent potential reporting bias.

Strengths and Limitations

There are several strengths to this review: the conduct and

reporting of this review were aligned with the PRISMA

statement for reporting of systematic reviews and meta-

analyses. There was a comprehensive search strategy across

multiple databases with no date restrictions, high agreement

levels for quality assessments, and detailed data extraction to

allow for comparisons between studies. However, the review

also has some limitations. Unpublished literature was not

located. This may have resulted in an overrepresentation of

positive treatment effects (i.e., publication bias) in this

review. Additionally, due to limited translation resources,

only articles published in English were included. Therefore,

it is possible that some studies addressing the use of the IOPI

were not found. The studies investigating tongue and hand

strength and endurance differed across many of the variables

examined, including age groups, medical conditions, gender

imbalance, study duration, group sizes, evaluation periods,

exercise programs, IOPI bulb position, and training
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specificity. This inconsistency makes it difficult to determine

the effect of these variables on outcomes and to compare

effects across studies.

As an Application for Clinical Research and Routine

Clinical Practice

Based on the findings from this review, there is some

evidence supporting the use of the IOPI as an effective tool

for research. The IOPI has been used primarily as an

evaluation device, and more investigation is needed to

determine its effectiveness as an intervention tool to

improve strength or endurance for both adults and children

with swallowing problems. There is enormous potential to

improve patient outcomes in clinical practice by using a

standardized assessment instrument such as the IOPI,

which is relatively inexpensive and capable of providing

objective measures of tongue strength and endurance rather

than relying on the speech-language pathologist’s clinical

assessment, especially when multiple staff are making

assessments. The IOPI has recently been approved by the

Australian Therapeutic Goods Administration for use in

both research and clinical practice, which may increase the

number of studies conducted outside the US. There is a

need to clearly establish relationships between tongue

strength and endurance measures and swallowing function

and performance in a range of populations. Also, the reli-

ability of these strength and endurance measures has not

yet been reported.

Conclusion

There is clear evidence indicating the effectiveness of the

IOPI for the measurement of tongue and hand strength and

endurance. This evidence is strongest for strength mea-

surements and is best established for measurements of

tongue strength. There is a clear need to establish popu-

lation-specific representative values to gain maximum

benefit from the use of these measures with this device.

Conflict of interest The authors have no competing interests to

declare and no author had any paid consultancy or any other conflict

of interest. This material was unfunded at the time of manuscript

preparation.

References

1. IOPI Medical LLC. Iowa Oral Performance Instrument: users

manual. 2008. http://www.iopimedical.com. Accessed 17 Sep

2008.

2. Youmans S, Stierwalt JAG. Measures of tongue function related

to normal swallowing. Dysphagia. 2006;21(2):102–11. doi:

10.1007/s00455-006-9013-z.

3. Youmans S, Youmans G, Stierwalt JAG. Differences in tongue

strength across age and gender: is there a diminished strength

reserve? Dysphagia. 2008;24(1):57–65. doi:10.1007/s00455-008-

9171-2.

4. Vitorino J. Effect of age on tongue strength and endurance scores

of healthy Portuguese speakers. Int J Speech Lang Pathol.

2010;12(3):237–43. doi:10.3109/17549501003746160.

5. Clark HM, Solomon NP. Age and sex differences in orofacial

strength. Dysphagia. 2012;27(1):2–9. doi:10.1007/s00455-011-

9328-2.

6. Neel AT, Palmer PM. Is tongue strength an important influence

on rate of articulation in diadochokinetic and reading tasks?

J Speech Lang Hear Res. 2011;55(1):235–46. doi:10.1044/1092-

4388(2011/10-0258.

7. Gingrich LL, Stierwalt JAG, Hageman CF, LaPointe LL. Lingual

propulsive pressures across consistencies generated by the

anteromedian and posteromedian tongue by healthy young adults.

J Speech Lang Hear Res. 2012;55(3):960–72.

8. Robin DA, Goel A, Somodi LB, Luschei ES. Tongue strength and

endurance: relation to highly skilled movements. J Speech Hear

Res. 1992;35(6):1239–45.

9. Robbins J, Levine RL, Wood J, Roecker EB, Luschei ES. Age

effects on lingual pressure generation as a risk factor for dys-

phagia. J Gerontol A Biol Sci Med Sci. 1995;50A(5):M257–62.

doi:10.1093/gerona/50A.5.M257.

10. Crow HC, Ship JA. Tongue strength and endurance in different

aged adults. J Gerontol Med Sci. 1996;51A(5):M247–50.

11. Solomon NP, Robin DA, Mitchinson SI, VanDaele DJ, Luschei

ES. Sense of effort and the effects of fatigue in the tongue and

hand. J Speech Lang Hear Res. 1996;39(1):114–25.

12. Solomon NP, Drager KDR, Luschei ES. Sustaining a constant

effort by the tongue and hand: effects of acute fatigue. J Speech

Lang Hear Res. 2002;45(4):613–24.

13. Solomon NP, Munson B. The effect of jaw position on measures

of tongue strength and endurance. J Speech Lang Hear Res.

2004;47(3):584–94.

14. Palmer PM, Jaffe DM, McCulloch TM, Finnegan EM, Van Daele

DJ, Luschei ES. Quantitative contributions of the muscles of the

tongue, floor-of-mouth, jaw, and velum to tongue-to-palate pres-

sure generation. J Speech Lang Hear Res. 2008;51(4):828–35.

15. Kays S, Hind J, Gangnon R, Robbins J. Effects of dining on

tongue endurance and swallowing-related outcomes. J Speech

Lang Hear Res. 2010;53(4):898–907.

16. Solomon NP, Robin DA, Lorell DM, Rodnitzky RL, Luschei ES.

Tongue function testing in Parkinson’s disease. In: Till JA,

Yorkston K, Beukelman DR, editors. Motor speech disorders:

advances in assessment and treatment. Baltimore: Paul H Broo-

kes Publishing Co; 1994. p. 147–60.

17. Solomon NP, Lorell DM, Robin DA, Rodnitzky RL, Luschei ES.

Tongue strength and endurance in mild to moderate Parkinson’s

disease. J Med Speech Lang Pathol. 1995;3(1):15–26.

18. Lazarus CL, Logemann JA, Pauloski BR, Rademaker AW, Lar-

son CR, Mittal BB, Pierce M. Swallowing and tongue function

following treatment for oral and oropharyngeal cancer. J Speech

Lang Hear Res. 2000;43(4):1011–23.

19. 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(1):256–67.

20. Lazarus CL, Logemann JA, Shi G, Kahrilas PJ, Pelzer HJ,

Kleinjan K. Does laryngectomy improve swallowing after che-

moradiotherapy? A case study. Arch Otolaryngol Head Neck

Surg. 2002;128(1):54–7. doi:10.1001/archotol.128.1.54.

21. Clark HM, Henson PA, Barber WD, Stierwalt JAG, Sherrill M.

Relationships among subjective and objective measures of tongue

strength and oral phase swallowing impairments. Am J Speech

Lang Pathol. 2003;12(1):40–50.

368 V. Adams et al.: Tongue and Hand Strength Measurements with IOPI

123

http://www.iopimedical.com
http://dx.doi.org/10.1007/s00455-006-9013-z
http://dx.doi.org/10.1007/s00455-008-9171-2
http://dx.doi.org/10.1007/s00455-008-9171-2
http://dx.doi.org/10.3109/17549501003746160
http://dx.doi.org/10.1007/s00455-011-9328-2
http://dx.doi.org/10.1007/s00455-011-9328-2
http://dx.doi.org/10.1044/1092-4388(2011/10-0258
http://dx.doi.org/10.1044/1092-4388(2011/10-0258
http://dx.doi.org/10.1093/gerona/50A.5.M257
http://dx.doi.org/10.1001/archotol.128.1.54


22. O’Day FE, 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.

23. Neel AT, Palmer PM, Sprouls G, Morrison L. Tongue strength

and speech intelligibility in oculopharyngeal muscular dystrophy.

J Med Speech Lang Pathol. 2006;14:273–7.

24. Solomon NP. What is orofacial fatigue and how does it affect

function for swallowing and speech? Semin Speech Lang.

2006;27(4):268–82. doi:10.1055/s-2006-955117.

25. Lazarus CL, Logemann JA, Pauloski BR, Rademaker AW, Hel-

enowski 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(7):632–7. doi:10.1002/hed.20577.

26. Stierwalt JAG, Youmans SR. Tongue measures in individuals

with normal and impaired swallowing. Am J Speech Lang Pathol.

2007;16(2):148–56.

27. Chang C, Chen S, Ko JY, Lin YH. Early radiation effects on

tongue function for patients with nasopharyngeal carcinoma: a

preliminary study. Dysphagia. 2008;23(2):193–8. doi:10.1007/

s00455-007-9128-x.

28. Solomon NP, Clark HM, Makashay MJ, Newman LA. Assess-

ment of orofacial strength in patients with dysarthria. J Med

Speech Lang Pathol. 2008;16:251–8.

29. Yeates EM, Molfenter SM, Steele CM. Improvements in tongue

strength and pressure-generation precision following a tongue-

pressure training protocol in older individuals with dysphagia:

three case reports. Clin Interv Aging. 2008;3(4):735–47.

30. Palmer P, Neel A, Sprouls G, Morrison L. Swallow characteris-

tics in patients with oculopharyngeal muscular dystrophy.

J Speech Lang Hear Res. 2010;53(6):1567–78.

31. Steele CM, Bailey GL, Molfenter SM, Yeates EM. Rationale for

strength and skill goals in tongue resistance training: a review.

Perspect Swallow Swallow Disord. 2009;18(2):49–54. doi:

10.1044/sasd18.2.49.

32. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting

items for systematic reviews and meta-analyses: the PRISMA

statement. PLoS Med. 2009;6(7):e1000097. doi:10.1371/journal.

pmed.1000097.

33. Schulz KF, Altman DG, Moher D, CONSORT Group. CON-

SORT 2010 statement: updated guidelines for reporting parallel

group randomised trials. PLoS Med. 2010;7(3):e1000251. doi:

10.1371/journal.pmed.1000251.

34. Higgins JPT, Green S. Cochrane handbook for systematic

reviews of interventions, ver. 5.1.0 [updated March 2011]. 2011.

www.cochrane-handbook.org. Accessed 17 Jan 2012.

35. Moher D, Schulz KF, Altman DG. The CONSORT statement:

revised recommendations for improving the quality of reports of

parallel group randomized trials. BMC Med Res Methodol.

2001;1:2.

36. Clark H, Solomon NP. Age and sex differences in orofacial strength.

Dysphagia. 2012;27:2–9. doi:10.1007/s00455-011-9328-2.

37. Potter NL, Kent RD, Lazarus JC. Oral and manual force control

in preschool-aged children: is there evidence for common con-

trol? J Mot Behav. 2009;41(1):66–82. doi:10.1080/00222895.

2009.10125919.

38. Potter N, Short R. Maximal tongue strength in typically devel-

oping children and adolescents. Dysphagia. 2009;24(4):391–7.

doi:10.1007/s00455-009-9215-2.

39. Robin DA, Somodi LB, Luschei ES. Measurement of tongue

strength and endurance in normal and articulation disordered

subjects. In: Moore CA, Yorkston KM, Beukelman DR, editors.

Dysarthria and apraxia of speech: perspectives on management.

Baltimore: Paul H Brookes Publishing Co.; 1991. p. 173–84.

40. Stierwalt JAG, Robin DA, Solomon NP, Weiss AL, Max JE.

Tongue strength and endurance: relation to the speaking ability of

children and adolescents following traumatic brain injury. In:

Robin DA, Yorkston K, Beukelman DR, editors. Disorders of

motor speech: assessment, treatment, and clinical characteriza-

tion. Baltimore: Brookes Publishing Co.; 1996. p. 241–56.

41. Clark HM, O’Brien K, Calleja A, Corrie SN. Effects of direc-

tional exercise on lingual strength. J Speech Lang Hear Res.

2009;52(4):1034–47.

42. Lazarus CL, Logemann JA, Huang C, Rademaker AR. Effects of

two types of tongue strengthening exercises in young normals.

Folia Phoniatr Logop. 2003;55(4):199.

43. Clark HM. Specificity of training in the lingual musculature.

J Speech Lang Hear Res. 2012;55(2):657–67. doi:10.1044/1092-

4388(2011/11-0045.

44. 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(9):1483–9. doi:10.1111/j.1532-5415.

2005.53467.x.

45. 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(2):150–8.

46. Cohen J. Statistical power analysis for the behavioral sciences.

2nd ed. Mahwah: Erlbaum; 1988.

Valerie Adams BSpPath (Hons)

Bernice Mathisen PhD, MSc, BSpThy

Surinder Baines BSc (Hons), PhD, Grad Dip Nutr, Grad Dip Diet,

APD

Cathy Lazarus PhD, CCC-SLP, BRS-S

Robin Callister BPharm, MSc, PhD

V. Adams et al.: Tongue and Hand Strength Measurements with IOPI 369

123

http://dx.doi.org/10.1055/s-2006-955117
http://dx.doi.org/10.1002/hed.20577
http://dx.doi.org/10.1007/s00455-007-9128-x
http://dx.doi.org/10.1007/s00455-007-9128-x
http://dx.doi.org/10.1044/sasd18.2.49
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000251
http://www.cochrane-handbook.org
http://dx.doi.org/10.1007/s00455-011-9328-2
http://dx.doi.org/10.1080/00222895.2009.10125919
http://dx.doi.org/10.1080/00222895.2009.10125919
http://dx.doi.org/10.1007/s00455-009-9215-2
http://dx.doi.org/10.1044/1092-4388(2011/11-0045
http://dx.doi.org/10.1044/1092-4388(2011/11-0045
http://dx.doi.org/10.1111/j.1532-5415.2005.53467.x
http://dx.doi.org/10.1111/j.1532-5415.2005.53467.x

	A Systematic Review and Meta-analysis of Measurements of Tongue and Hand Strength and Endurance Using the Iowa Oral Performance Instrument (IOPI)
	Abstract
	Introduction
	Methods
	Eligibility Criteria
	Study Selection
	Data Extraction Process and Data Items
	Risk of Bias in Intervention Studies
	Summary Measures and Synthesis of Results

	Results
	Study Selection
	Study Characteristics
	Evaluation Studies
	Tongue Strength in Healthy Populations
	Tongue Strength in Populations with Disorders
	Tongue Endurance in Healthy Populations
	Tongue Endurance in Populations with Disorders
	Hand Strength in Healthy Populations
	Hand Strength in Populations with Disorders
	Hand Endurance in Healthy Populations
	Hand Endurance in Populations with Disorders

	Results of Meta-Analyses
	Tongue Strength
	Meta-Analysis 1
	Meta-Analysis 2
	Meta-Analysis 3
	Meta-Analysis 4

	Tongue Endurance
	Intervention Studies
	Tongue Strength
	Tongue Endurance
	Risk of Bias in Intervention Studies


	Discussion
	Consolidation of Results
	Tongue Strength
	Tongue Endurance
	Hand Strength
	Hand Endurance
	Studies in Populations with a Disorder
	Intervention Studies

	Strengths and Limitations
	As an Application for Clinical Research and Routine Clinical Practice

	Conclusion
	References


