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Abstract
Objectives: The aims of this study were to compare oral diadochokinesis and to test 
associations with oro- facial functional parameters in healthy young and old German 
speakers.
Background: Oral diadochokinesis is a key component in the concept of oro- facial 
hypofunction and relates to tongue and lip motor function but may depend on the 
linguistic background.
Materials and methods: Healthy German speakers with a minimum of 20 teeth were 
recruited to form a young (<60 years) and an older group (≥60 years). Oral diado-
chokinesis was assessed as the number of repetitions/s for the monosyllables /pa/, 
/ta/ and /ka/ to evaluate movement capacity of the lip, the anterior region of the 
tongue and the posterior region of the tongue, respectively. Maximum voluntary lip 
force, maximum voluntary bite force, masticatory performance, maximum voluntary 
tongue pressure, xerostomia and swallowing function were assessed with validated 
instruments. Results are presented as median (IQR).
Results: Sixty participants formed the younger group (n = 35, 30.0 years [24.0- 49.0]) 
and the older group (n = 25, 64.0 years [62.0- 72.0]). Counts/s of /ta/ were different 
between age groups (younger group: 6.0 vs older group: 5.4) but not for syllables /pa/ 
(younger group: 6.0 vs older group: 5.8) and /ka/ (younger group: 5.6 vs older group: 
5.0). The oral diadochokinesis with /pa/ was overall associated with maximum volun-
tary lip force; oral diadochokinesis performed with /ta/ was associated with tongue 
pressure, and oral diadochokinesis with /ka/ with swallowing function. Masticatory 
performance was not associated with oral diadochokinesis but with maximum volun-
tary bite force, xerostomia and with maximum voluntary tongue pressure.
Conclusions: The published thresholds for oral diadochokinesis should be reconsid-
ered in non- Japanese mother- tongue speakers. However, they still play an important 
role in the overall concept of oro- facial functional assessment.
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1  | INTRODUC TION

In geriatrics, there has recently been increased interest in the assess-
ment and management of oro- facial functional parameters, as the 
ageing process is an important co- factor in the decline of functional 
capacity from a fit state to signs and symptoms of hypofunction, 
which may lead to compromised general health and quality of life.1- 4

In the position paper of the Japanese Society of Gerodontology 
(JSG), Minakuchi et al (2018)5 used the term “oral frailty” to describe 
an unfavourable oral condition in older people that is characterised 
by decreased articulation, slight choking or spillage while eating and 
an increase in the number of non- chewable foods. These charac-
teristics are derived from numerous epidemiological studies, mainly 
from Japan.3 In their paper, oral frailty was described as the first 
step towards manifest painful and functional problems, which can be 
qualified as oral hypofunction.5 In Japanese epidemiological studies, 
the key components of oral hypofunction were identified: poor oral 
hygiene, oral dryness, reduced occlusal force, decreased tongue– lip 
motor function, decreased tongue pressure, decreased masticatory 
function and deterioration of swallowing function.6

Oral diadochokinesis (OD) is a key component in the concept of 
oro- facial hypofunction and relates to tongue and lip motor function. 
OD is defined in speech- language pathology as the speed necessary 
to stop a determined motor impulse and substitute it with its op-
posite. The relative timing of this kind of movements is also called 
alternate motion rates or sequential motor rates,7 for example, in the 
diagnosis of tachyphemia in patients with Parkinson disease.8 It is 
commonly assessed as the ability to repeat as quickly as possible the 
monosyllables /pa/, /ta/ and /ka/ to evaluate movement capacity of 
the lip, the anterior region of the tongue and the posterior region of 
the tongue, respectively. OD was suggested to be associated with 
masticatory and swallowing disorders, that is, oral hypofunction.9- 11 
However, most of the research related to oro- facial hypofunction 
and OD, in particular, was conducted exclusively in Japan with 
Japanese samples.

It was reported that the linguistic background plays a significant 
role in the performance of OD tests. For example, there are import-
ant differences between Hebrew speakers and English speakers to 
this respect.12 Therefore, the objective of the current study was to 
assess OD in healthy younger and older German- speaking conve-
nience samples and discuss those with the widely applied Japanese 
normal values. Additionally, associations with selected oro- facial 
functional parameters and OD should be assessed.12

2  | METHODS

Ethics approval was obtained (KEK Bern, No. 2020- 02410). 
Participants were recruited for this cross- sectional study from 

patients and staff of the School of Dental Medicine (University of 
Bern, Switzerland) if they fulfilled the inclusion criteria: age >18 years, 
Caucasian origin, mother tongue “German” and n ≥ 20 teeth and were 
excluded if they presented with neuro- cognitive diseases, history of 
severe surgical interventions in the head and neck area, presence 
of temporo- mandibular disorders or removable dental prostheses. 
It was attempted to recruit a younger sample (18- 59 years) and an 
older group of participants (60+ years). The assessments took place 
in the dental chair, with the participants in seated upright position 
and were performed by one specifically trained dentist. Basic char-
acteristics like age, gender and the number of functional occluding 
premolar units (OU) were noted.13 Occluding premolar units (OU) 
signify the total number of premolar units in occluding contact; pre-
molars are counted as 1 OU and molars as 2 OU.13

2.1 | Oral diadochokinesis

Oral diadochokinesis was assessed as the number/s of the monosyl-
lables /pa/, /ta/ and /ka/ to evaluate the function of the lips, the tip 
of the tongue and the posterior region of the tongue with an au-
tomatic counter (Kenkokun Handy, Takei Scientific Instruments Co., 
Niigata, Japan). Participants were asked to repeat the monosyllables 
as quickly as possible for 5 seconds, and the number of repetitions/
second was calculated by the device individually for each monosyl-
lable.11 A training with each participant was performed prior to the 
test recording to ensure that the participant had fully understood 
the instructions and was familiar with the test.

2.2 | Maximum voluntary lip force

Maximum voluntary lip force (MLF) was recorded with a hand- held 
force gauge (ZP50- N; Imada Co.) that was connected with a steel 
wire to an oral screen with the dimensions 55 × 24 mm, which was 
placed in the oral vestibule (Dentaurum “Oral screen Ulmer Modell” 
maxi/size 2; Dentaurum GmbH). An anterior rectangular displace-
ment force was applied by pulling the dynamometer. The participant 
was asked to withstand the force as long as possible, and the peak 
force (N) was recorded. The mean of the three peak forces was used 
for further analysis.14

2.3 | Maximum voluntary bite force

For the evaluation of maximum voluntary bite force (MBF), the 
Occlusal Force- Meter GM 10® (Nagano Keiki Co.) was used. It com-
prises an 8.6- mm- thick bite element that was placed between the 
first molars. Participants were instructed to bite as hard as possible 
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on the gauge for approximately 3 seconds. If the first molar was miss-
ing, the second premolar was used for the recording. Measurements 
were performed three times on each side. The peak force (N) of each 
side was used to calculate the mean between sides, which resulted 
in one force value/participant for statistical analysis.13

2.4 | Masticatory performance

The chewing function was measured as masticatory performance 
(MP) with a previously validated color- mixing ability test.15,16 The 
test specimen (Hue- Check Gum©, University of Bern, Switzerland) 
consisted of a pink and an azure layer. The layers were manually 
stuck together, placed on the tongue of the participant who was 
instructed to chew the gum for 20 chewing cycles. The number 
of chewing cycles was verified by the examiner who subsequently 
removed the specimen from the mouth, air dried it and put it in a 
transparent plastic bag. The gum was flattened to a wafer of 1 mm 
thickness and scanned with a flatbed scanner from both sides 
(300 dpi, jpg format, Epson Perfection V30; Seiko Epson Corp.). The 
resulting images were analysed by means of custom- made software 
(ViewGum©; dhal.com) to obtain the variance of hue (VOH) as a 
measure of the degree of color mixture. The higher the VOH, the 
lower is the masticatory performance, and vice versa.17

2.5 | Maximum voluntary tongue pressure

Maximum voluntary tongue pressure (MTP) was assessed with two 
different tongue pressure measuring devices, which are both bal-
loon based, but have different technical specifics in regard to bal-
loon size and material as well as connection tubes and electronic 
manometers. Firstly, the participants underwent an evaluation of 
MTP with the JMS device (TPM- 01, JMS Co., Ltd.),18 and secondly 
with the Iowa Oral Performance Instrument® (IOPI; Northwest Co., 
LLC).19 Participants were asked to place the balloon between the an-
terior hard palate and dorsum of the tongue with closed mouth and 
subsequently try to compress the balloon with the highest available 
tongue pressure against the hard palate for approximately 7 sec-
onds. The experiment was repeated twice, and the mean of the three 
pressure readings (kPa) was used for further analysis for each of the 
two instruments separately. The IOPI is currently the gold standard 
for assessing MTP globally, but the JMS device shows very promis-
ing results in the scope of the diagnosis of oro- facial hypofunction.5 
MTP assessments with the IOPI or JMS device might be comparable 
when the values obtained are normalised to each other.14

2.6 | Swallowing function

To assess swallowing function, the EAT- 10 questionnaire was com-
pleted by the participants. It was designed to assess subjective swal-
lowing complaints in terms of symptom severity, impact on quality 

of life and treatment success.20 The questionnaire comprises 10 
questions with a Likert scale (0, no problems to 4, maximum problems, 
range 0- 40). A sum score of 3 or higher indicates the presence of 
dysphagia.21 Swallowing function (SF) was analysed as a binary fac-
tor (0; 1+) as in the healthy study population; no diagnosis of clini-
cally relevant dysphagia was expected.

2.7 | Xerostomia

Xerostomia as subjective symptoms of dry mouth was assessed 
using the German 14- item version of the Xerostomia Inventory.22 
Participants were asked to report the frequency of 14 symptoms 
that are related to dry mouth and throat using a five- point ordinal 
rating scale. The Xerostomia Inventory sum score may range from 
0 to 56, and with higher scores indicating more symptoms of dry 
mouth.23

2.8 | Statistical analysis

The rationale for the sample size was based on the following studies 
that assessed OD in relation to oral function in Japanese cohorts: 
Komagamine et al included 54 participants in their cross- sectional 
study and found significant association to MP in elderly denture 
wearers.10 Yamada et al11 included 51 dentate adults in their cross- 
sectional study and equally found that OD is a significant predictor 
for MP. Hence, it was expected that 60 participants would suffice to 
find meaningful results.

Data were assessed descriptively showing medians (with 25%- 
75% quantiles) or frequencies (with percentages) for the overall sam-
ple size and by age groups. Differences in parameters between age 
groups were assessed using Mann– Whitney or exact Fisher tests, 
depending on data distribution.

Correlation between counts of monosyllables /pa/, /ta/, /ka/ 
and several numerical parameters were assessed with the help of 
Spearman's rank correlation coefficient (“Rho”). Group- wise com-
parisons on numerical outcomes were assessed by calculating the 
Hodges– Lehmann estimator for location difference and performing 
again a Mann– Whitney test. Finally, impacts on the binary outcome 
EAT- 10 were assessed with the help of logistic regression.

All analyses in this report were performed with the statistics 
software R, version 3.5.0.2 Throughout, P- values less than .05 were 
considered statistically significant. No correction for multiple testing 
was applied because of the explorative nature of this study.

3  | RESULTS

Sixty participants participated in the study and formed younger 
and older age groups. Median counts/s of the monosyllable /ta/ 
were significantly different between age groups but not for sylla-
bles /pa/ and /ka/. Participants of the older age group had a higher 
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median MLF compared with younger participants, but the younger 
group exhibited a higher median MTP as measured with JMS and 
IOPI devices. The JMS device discriminated the two groups better. 
The MBF was higher in the younger group than in the older group 
(Table 1).

Counts/s of /pa/ were overall positively weakly correlated with MLF. 
In the younger group, the correlation was moderate but only weakly in 
older group. Also, median counts/s of /pa/ significantly differed between 
male and female participants in the overall sample (effect for female par-
ticipants: −0.6 [−1.0- 0.0], P = .03); no differences were found in the sub-
groups age/gender. Counts/s of /ta/ were overall weakly correlated with 
MTP- JMS and MTP- IOPI. A further weak positive correlation was found 
between repetitions/s of /ta/ and OU (Table 2).

Median counts/s of /ka/ significantly differed between partici-
pants having a perfect EAT- 10 score (score = 0) and higher EAT- 10 
scores (effect for 0- score participants: −0.6 [−1.2- 0.0], P = .0499). 
Also, a highly significant difference between male and female partic-
ipants was found in older group (effect for female participants: −1.0 
[−1.6 to −0.4], P = .009), showing that female participants in the older 
group tended to have greater difficulties in pronouncing this syllable.

Masticatory performance was not significantly correlated with 
OD but weakly with MBF overall and xerostomia overall (especially 

in the older group); MP was further correlated with MTP- JMS over-
all (−0.30 [−0.52 to −0.05], P = .02) but not with MTP- IOPI (−0.19 
[−0.43- 0.08], P = .17; Table 3).

Xerostomia and MLF were overall negatively weakly correlated 
and even more so in the older group. Furthermore, participants with 
xerostomia had a higher chance for subjective swallowing difficul-
ties. Female study participants showed lower MLF than male ones 
(Table 3).

4  | DISCUSSION

The present report aimed to assess OD and their relationship to 
specific motor skills of the oro- facial system in younger and older 
German mother- tongue speakers. The OD with the monosyllable /
pa/ was overall associated with MLF, OD performed with the sylla-
ble /ta/ correlated with TP when assessed with the new JMS device, 
and OD with /ka/ with subjective disturbances of the swallowing 
function. There were significant age differences for the number of 
repetitions/s with the monosyllables /ta/ but not for /pa/ and /ka/ 
(trend). It is noteworthy that the participants in the older group, de-
spite being in good general condition, did not meet the thresholds 

All participants Younger group Older group P- value

N 60 35 25 — 

Age 52.5 (27.8- 63.0) 30.0 (24.0- 49.0) 64.0 (62.0- 72.0) — 

Gender Male: 34 (56.7%)
Female: 26 (43.3%)

Male: 19 (54.3%)
Female: 16 (45.7%)

Male: 15 (60.0%)
Female: 10 (40.0%)

.79

repetitions/s 
/pa/

5.8 (5.0- 6.4) 6.0 (5.2- 6.7) 5.8 (5.0- 6.2) .18

repetitions/s 
/ta/

5.9 (5.4- 6.4) 6.0 (5.7- 6.9) 5.4 (4.8- 6.2) .003

repetitions/s 
/ka/

5.5 (4.6- 5.8) 5.6 (4.9- 6.0) 5.0 (4.4- 5.6) .08

MLF (N) 21.8 (17.9- 27.5) 20.2 (16.5- 25.5) 24.0 (19.1- 29.1) .03

MTP- JMS 
(kPa)

24.8 (26.8- 39.1) 37.8 (29.6- 40.6) 29.1 (25.3- 35.5) .005

MTP- IOPI 
(kPa)

49.7 (40.3- 57.4) 52.3 (43.0- 59.0) 45.3 (37.0- 53.3) .12

EAT- 10 binary 0:43 (71.7%)
1+: 17 (28.3%)

0:24 (68.6%)
1+: 11 (31.4%)

0:19 (76.0%)
1+: 6 (24.0%)

.58

MBF (N) 417.5 (271.4- 572.0) 476.5 (363.0- 615.2) 287.0 (164.0- 405.0) .0005

OU (n) 12.0 (10.0- 12.0) 12.0 (11.0- 13.0) 10.0 (7.0- 12.0) .004

MP (VOH) 0.10 (0.06- 0.17) 0.09 (0.06- 0.17) 0.10 (0.08- 0.16) .99

Xerostomia 10.0 (2.8- 13.2) 11.0 (3.0- 13.0) 7.0 (1.0- 15.0) .37

Note: Data are median (25% quantile- 75% quantile) and absolute frequencies (percentages). P- 
values checking for differences between age groups as of Mann– Whitney and exact Fisher tests.
Abbreviations: /pa/ /ta/ /ka/, monosyllables; EAT- 10 binary, EAT- 10 questionnaire score; MBF, 
maximum voluntary bite force; MLF, maximum voluntary lip force; MP (VOH), masticatory 
performance as assessed by the variance of hue (high value signifies low masticatory performance); 
MTP- IOPI, maximum voluntary tongue pressure as assessed with the IOPI device; MTP- JMS, 
maximum voluntary tongue pressure as assessed with the JMS device; N, absolute number of 
sample; OU, occluding premolar units.

TA B L E  1   Descriptive statistics of the 
study sample
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for scoring oral hypofunction in the domains OD and MTP that were 
described in the JSG position paper.5 This effect was even more ob-
vious for female study participants.

The chewing function was not different between younger and 
older study participants, although the number of occluding poste-
rior teeth and the maximum available bite force was higher in the 

Parameter Covariate
All 
participants Young group Old group

Number/s /pa/ MLF (N) 0.4 (0.1- 0.6) 0.6 (0.30- 0.78) 0.0 (−0.1- 0.6)

Number/s /pa/ OU 0.2 (−0.1- 0.4) 0.0 (−0.3- 0.4) 0.2 (−0.2- 0.6)

Number/s /pa/ MP (VOH) −0.1 (−0.3- 0.2) −0.0 (−0.4- 0.3) −0.1 
(−0.4- 0.3)

Number/s /pa/ Xerostomia −0.1 (−0.3- 0.2) −0.1 (−0.4- 0.3) −0.2 
(−0.6- 0.2)

Number/s /pa/ MBF (N) 0.4 (0.1- 0.5) 0.2 (−0.2- 0.5) 0.4 (−0.0- 0.7)

Number/s /ta/ MTP- JMS (kPa) 0.3 (0.0- 0.5) 0.1 (−0.2- 0.4) 0.3 (−0.2- 0.7)

Number/s /ta/ MTP- IOPI (kPa) 0.2 (−0.0- 0.5) 0.1 (−0.3- 0.4) 0.3 (−0.2- 0.7)

Number/s /ta/ OU 0.3 (0.1- 0.6) 0.2 (−0.1- 0.5) 0.3 (−0.1- 0.7)

Number/s /ta/ VOH 0.0 (−0.2- 0.3) 0.0 (−0.3- 0.4) 0.1 (−0.4- 0.5)

Number/s /ta/ Xerostomia 0.2 (−0.1- 0.4) 0.2 (−0.1- 0.4) 0.1 (−0.3- 0.5)

Number/s /ta/ MBF (N) 0.3 (0.0- 0.5) 0.2 (−0.2- 0.5) 0.2 (−0.2- 0.6)

Number/s /ka/ EAT- 10 bin
BL: 1+

−0.6 (−1.2- 0.0) −0.4 (−1.2- 0.3) −0.8 
(−1.8- 0.1)

Number/s /ka/ OU 0.2 (−0.1- 0.5) 0.0 (−0.4- 0.4) 0.3 (−0.1- 0.6)

Number/s /ka/ VOH 0.1 (−0.2- 0.3) 0.1 (−0.3- 0.4) 0.1 
(−0.31- 0.5)

Number/s /ka/ Xerostomia 0.2 (−0.1- 0.4) 0.3 (−0.0- 0.6) −0.1 
(−0.5- 0.3)

Number/s /ka/ MBF (N) 0.2 (−0.0- 0.5) −0.1 (−0.4- 0.3) 0.3 (−0.1- 0.7)

Note: Data are Spearman rank correlation coefficient or Hodges– Lehmann estimator for location 
(95% CI).
Abbreviations: BL, baseline; EAT- 10 binary, EAT- 10 questionnaire score; MBF, maximum voluntary 
bite force; MLF, maximum voluntary lip force; MP (VOH), masticatory performance as assessed 
by the variance of hue (high value signifies low masticatory performance); MTP- IOPI, maximum 
voluntary tongue pressure as assessed with the IOPI device; MTP- JMS, maximum voluntary tongue 
pressure as assessed with the JMS device; OU, occluding premolar units; xerostomia, sum score of 
the German version of the xerostomia inventory.

TA B L E  2   Impact of chosen covariates 
on repetitions/s of the monosyllables /pa/, 
/ta/ and /ka/

TA B L E  3   Impact of chosen covariates on outcomes VOH, MLF and EAT- 10 Bin

Parameter Covariate All participants Young group Old group

MP (VOH) MBF (N) −0.33 (−0.55- 0.07) −0.32 (−0.63- 0.04) −0.27 (−0.61- 0.15)

MP (VOH) Xerostomia 0.25 (0.00- 0.48) 0.14 (−0.24- 0.49) 0.41 (0.07- 0.66)

MP [VOH] MTP- JMS (kPa) −0.30 (−0.52 to −0.05) −0.29 (−0.54- 0.02) −0.31 (−0.67- 0.12)

MP [VOH] MTP- IOPI (kPa) −0.19 (−0.43- 0.08) −0.06 (−0.40- 0.29) −0.27 (−0.65- 0.18)

MP [VOH] Gender
BL: male

0.02 (−0.02- 0.06)a 0.04 (−0.01- 0.10)a −0.01 (−0.09- 0.06)a

MLF (kPa) Xerostomia −0.28 (−0.51 to −0.02) −0.10 (−0.44- 0.28) −0.42 (−0.68 to −0.06)

MLF Gender
BL: male

−4.72 (−8.01 to −1.15)a −5.54 (−9.22 to −0.78)a −3.51 (−9.08- 2.02)a

EAT- 10 Bin Xerostomia 1.10 (1.02- 1.21)a 1.12 (1.01- 1.28)a 1.07 (0.94- 1.24)a

Abbreviations: BL, baseline; EAT- 10 bin, EAT- 10 questionnaire score; MBF, maximum voluntary bite force; MLF, maximum voluntary lip force; 
MP (VOH), masticatory performance as assessed by the variance of hue (high value signifies low masticatory performance); MTP- JMS, maximum 
voluntary tongue pressure as assessed with the JMS device; xerostomia, sum score of the German version of the Xerostomia Inventory.
aData are Spearman rank correlation coefficient or Hodges– Lehmann estimator for location difference followed by a Mann– Whitney test (95% CI).
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younger group; however, MP was correlated to overall biting force 
and tongue pressure. Surprisingly, the median MLF was higher in the 
older participants.

The concept of oral frailty and oral hypofunction was firstly 
described in Japan, with its population being quite homogenous in 
regard to ethnical background and language use. Furthermore, in 
Japan, there is a long- standing interest in oral function, and some 
of the most advanced assessment devices today are industrially pro-
duced and distributed there, for example, for tongue movement and 
force distribution, bite force measurement devices, masticatory per-
formance analyser and oral moisture analyser, but most of these in-
struments are exclusively available in Japan and were validated with 
Japanese samples.

In contrast, Europe is very diverse in regard to ethnicity and lan-
guage use, and although many instruments for assessing oro- facial 
function have been developed and successfully used, their use is 
not widespread. The current study was designed in a new line of re-
search to adapt the concept of oro- facial hypofunction to European 
circumstances and requirements. In previous research, we studied 
in Caucasians factors like masticatory performance,24- 27 lip force,28 
intra- oral sensitivity29 or tongue force14 and currently the feasibility 
of assessing OD in German- speaking individuals but never compared 
those findings to data from Japan. Therefore, as the current study 
was a scoping research project, there are some inherent weaknesses 
of the study. The study sample was not a representative sample of 
the German- speaking Swiss, German or Austrian population but 
rather a convenience sample comprising patients and staff of the 
School of Dental Medicine, Bern. However, because this study sam-
ple consisted only of healthy participants, the observed values could 
provide a first idea of a threshold for defining oro- facial fitness in 
younger and older individuals, based on OD, in German- speaking 
populations. Nevertheless, the sample size was too small to detect 
differences between the two different age groups and to define 
thresholds. Most differences between parameters only became sig-
nificant when the complete sample was pooled, whereas differences, 
for example, in MBF and MTP, were expected to be different as 
demonstrated in very similar groups of participants.18,30,31 Last but 
not least, the older group had a low median age compared with other 
studies that studied oro- facial function. However, it was difficult to 
fulfill the inclusion criteria of having 20 teeth or more in the older 
group, but it was deemed necessary to fulfill this criterion as oth-
erwise patients with removable dental prostheses might have been 
included, which may have interfered with factors like MP and MBF.

In the field of dentistry, and Gerodontology in particular, the 
introduction of the assessment of OD in the context of oro- facial 
hypofunction is relatively new.4 Most of the research has been per-
formed in Japan with Japanese samples, but it is widely acknowl-
edged that thresholds for OD need to be adapted to different 
cultural and linguistic backgrounds (for review, refer to Ben- David 
and Icht12). Monosyllables /pa/, /ta/, and /ka/ have been used in 
speech- language clinics and research for many decades,32 mostly to 
test neuro- motor skills rather than linguistic performance although 
the latter has a significant impact.33

In the diagnosis of “oral frailty” as described by the JSG posi-
tion paper,5 the number of repetitions/s of the monosyllable below 
n = 6 is regarded as one of the seven diagnostic criteria to score 
oral hypofunction. This threshold is based on large studies carried 
out in Japan34,35 that found that a number of repetitions below 6 
can be detected predominantly in frail older adults.36 However, the 
majority of the present study sample could not reach this threshold 
despite none or very few functional issues, and furthermore we did 
not include frail individuals. This clearly indicates that in the scope of 
the diagnosis of this condition, OD thresholds need to be defined for 
German- speaking individuals, and furthermore, their age and frailty 
status need to be taken into consideration.

A further factor for which the current older group could not 
fulfil the Japanese requirements for an intact oro- facial function is 
the maximum available tongue pressure. The threshold as defined 
by Minakuchi et al is 30 kPa. This value was based on a study with 
201 older Japanese adults.37,38 The median tongue pressure in the 
current older sample was 29.1 kPa, and again, there was no signifi-
cant functional impairment in relation to mastication, swallowing or 
speech. Recently, there is also emerging research that the cut- off 
values of the diagnosis for oral frailty may need to be revisited for 
Japanese samples,39 and the current results demonstrate that these 
thresholds cannot be applied without further research to German 
mother- tongue speakers. This is a clear indication that cut- off values 
to differentiate oro- facial fitness from oro- facial hypofunction need 
to be found for groups of different language use and maybe even 
ethnic background.

At first glance, it seems difficult to understand why MP was not 
different in the older group compared with the younger group, despite 
fewer occluding tooth pairs and lower MBF. This might be explained 
by the fact that the employed chewing gum for testing MP was too 
easy to chew, even for the older participants, with a fit condition of 
the oro- facial system. Furthermore, the test depends on the ability of 
an individual to knead and form a bolus and less on the maximum avail-
able bite fore. Hence, the higher lip force in the older group might have 
contributed to this effect, as the lips might have contributed signifi-
cantly to mixing and shaping the bolus. Previous research has shown 
that complete denture wearers exhibit higher forces than partially 
edentate individuals, independently of their age.28,40,41 Nevertheless, 
the older study participants had on average fewer teeth than the 
younger study participants and might have developed higher lip forces 
to compensate this deficiency in regard to masticatory function.

For future research, it will be crucial to understand the mul-
tifactorial function of mastication and swallowing, especially in 
older individuals. In the current study, only objective tests have 
been employed but not the adaptive behaviour of an individual 
to cope with a possibly reduced chewing function, like the in-
crease of the number of chewing cycles, or choice of food.25,42 
Furthermore, the impact of impaired overall oro- facial function on 
social engagement, nutritional status and quality of life should be 
included in further research to better understand its significance 
in the care for old and frail individuals. Last but not least, it should 
be aimed to develop effective and simple rehabilitation programs 
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to increase overall function. A diagnosis of oro- facial hypofunction 
without consecutive therapeutic intervention may be ethically 
questionable and of little use to the individual, the health insur-
ance or policy makers.

5  | CONCLUSIONS

Similar to Japanese samples, OD might also be a key component 
of oro- facial function in German mother- tongue speakers. Larger 
epidemiological studies in these populations are needed to define 
thresholds and to better understand the multifactorial bio- psycho- 
sociological concept of oro- facial fitness and hypofunction.

ACKNOWLEDG EMENT
The authors would like to thank significantis GmbH, Bern, 
Switzerland, for performing the statistical analysis. Open access 
funding provided by Universitat Bern.

CONFLIC T OF INTERE S T
Martin Schimmel is a member of the oral function scientific advisory 
board for Sunstar Suisse SA (Etoy, Switzerland). All other authors de-
clare no conflict of interest.

DATA AVAIL ABILIT Y S TATEMENT
Data can be made available upon request.

ORCID
Martin Schimmel  https://orcid.org/0000-0001-9700-5534 
Samir Abou- Ayash  https://orcid.org/0000-0003-1047-5571 

R E FE R E N C E S
 1. Glick M, Williams DM, Kleinman DV, Vujicic M, Watt RG, Weyant 

RJ. A new definition for oral health developed by the FDI World 
Dental Federation opens the door to a universal definition of oral 
health. J Am Dent Assoc. 2016;147:915- 917.

 2. Sato N, Ono T, Kon H, et al. Ten- year longitudinal study on the 
state of dentition and subjective masticatory ability in community- 
dwelling elderly people. J Prosthodont Res. 2016;60:177- 184.

 3. Tanaka T, Takahashi K, Hirano H, et al. Oral frailty as a risk factor 
for physical frailty and mortality in community- dwelling elderly. J 
Gerontol A Biol Sci Med Sci. 2018;73:1661- 1667.

 4. Schimmel M, Aarab G, Baad- Hansen L, Lobbezoo F, Svensson P. A 
conceptual model of orofacial health with an emphasis on function. 
J Oral Rehabil. 2021;48(11):1283- 1294.

 5. Minakuchi S, Tsuga K, Ikebe K, et al. Oral hypofunction in the 
older population: position paper of the Japanese Society of 
Gerodontology in 2016. Gerodontology. 2018;35(4):317- 324.

 6. Kosaka T, Kida M, Kikui M, et al. Factors influencing the changes 
in masticatory performance: the Suita study. JDR Clin Trans Res. 
2018;3:405- 412.

 7. Juste FS, Rondon S, Sassi FC, Ritto AP, Colalto CA, Andrade CR. 
Acoustic analyses of diadochokinesis in fluent and stuttering chil-
dren. Clinics. 2012;67:409- 414.

 8. Tjaden K, Watling E. Characteristics of diadochokinesis in mul-
tiple sclerosis and Parkinson's disease. Folia Phoniatr Logop. 
2003;55:241- 259.

 9. Kikutani T, Tamura F, Nishiwaki K, et al. Oral motor function and 
masticatory performance in the community- dwelling elderly. 
Odontology. 2009;97:38- 42.

 10. Komagamine Y, Kanazawa M, Yamada A, Minakuchi S. Association 
between tongue and lip motor functions and mixing ability in com-
plete denture wearers. Aging Clin Exp Res. 2019;31:1243- 1248.

 11. Yamada A, Kanazawa M, Komagamine Y, Minakuchi S. Association 
between tongue and lip functions and masticatory performance in 
young dentate adults. J Oral Rehabil. 2015;42:833- 839.

 12. Ben- David BM, Icht M. Oral- diadochokinetic rates for Hebrew- 
speaking healthy ageing population: non- word versus real- word 
repetition. Int J Lang Commun Disord. 2017;52:301- 310.

 13. Schimmel M, Leemann B, Herrmann FR, Kiliaridis S, Schnider A, 
Müller F. Masticatory function and bite force in stroke patients. J 
Dent Res. 2011;90:230- 234.

 14. Arakawa I, Abou- Ayash S, Genton L, Tsuga K, Leles CR, Schimmel 
M. Reliability and comparability of methods for assessing oral 
function: chewing, tongue pressure, and lip force. J Oral Rehabil. 
2020;47:862- 871.

 15. Buser R, Yue Q, Zimmermann P, Suter V, Abou- Ayash S, Schimmel M. 
Prosthodontic solutions for elderly patients. Forum Implantologicum. 
2018;14:130- 140.

 16. Goncalves T, Schimmel M, van der Bilt A, et al. Consensus on the 
terminologies and methodologies for masticatory assessment. J 
Oral Rehabil. 2021;48:745- 761.

 17. Halazonetis DJ, Schimmel M, Antonarakis GS, Christou 
P. Novel software for quantitative evaluation and graphi-
cal representation of masticatory efficiency. J Oral Rehabil. 
2013;40:329- 335.

 18. Arakawa I, Igarashi K, Imamura Y, Muller F, Abou- Ayash S, Schimmel 
M. Variability in tongue pressure among elderly and young healthy 
cohorts: a systematic review and meta- analysis. J Oral Rehabil. 
2021;48(4):430- 448.

 19. Adams V, Mathisen B, Baines S, Lazarus C, Callister R. Reliability 
of measurements of tongue and hand strength and endurance 
using the Iowa Oral Performance Instrument with healthy adults. 
Dysphagia. 2014;29:83- 95.

 20. Bartlett RS, Moore JE, Thibeault SL. Temporal analysis of 
factors associated with EAT- 10 in outpatients with oro-
pharyngeal dysphagia from a tertiary care clinic. Dysphagia. 
2018;33:457- 467.

 21. Hansen T, Kjaersgaard A. Item analysis of the Eating Assessment 
Tool (EAT- 10) by the Rasch model: a secondary analysis of cross- 
sectional survey data obtained among community- dwelling elders. 
Health Qual Life Outcomes. 2020;18:139.

 22. Thomson WM, van der Putten GJ, de Baat C, et al. Shortening the 
xerostomia inventory. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 2011;112:322- 327.

 23. Jünger H, Jaun- Ventrice A, Guldener K, Ramseier C, Reissmann 
D, Schimmel M. Anti- inflammatory potential of an essential oil- 
containing mouthwash in elderly subjects enrolled in supportive 
periodontal therapy: a 6- week randomised controlled clinical trial. 
Clin Oral Invest. 2020;4:3203- 3211.

 24. Wallace M, Samietz S, McKenna G, Woodside JV, Schimmel M. 
Impact of prosthodontic rehabilitation on the masticatory perfor-
mance of partially dentate older patients: can it predict nutritional 
state? Results from a RCT. J Dent. 2018;68:66- 71.

 25. Bousiou A, Konstantopoulou K, Martimianaki G, et al. Oral factors 
and adherence to Mediterranean diet in an older Greek population. 
Aging Clin Exp Res. 2021. https://doi.org/10.1007/s4052 0- 021- 
01861 - 8 Epub ahead of print.

 26. Nogueira T, Schimmel M, Leles C. Changes in masticatory perfor-
mance of edentulous patients treated with single- implant man-
dibular overdentures and conventional complete dentures. J Oral 
Rehabil. 2019;46:268- 273.

https://orcid.org/0000-0001-9700-5534
https://orcid.org/0000-0001-9700-5534
https://orcid.org/0000-0003-1047-5571
https://orcid.org/0000-0003-1047-5571
https://doi.org/10.1007/s40520-021-01861-8
https://doi.org/10.1007/s40520-021-01861-8


40  |     SCHIMMEL Et aL.

 27. Enkling N, Haueter M, Worni A, Muller F, Leles CR, Schimmel M. 
A prospective cohort study on survival and success of one- piece 
mini- implants with associated changes in oral function: five- year 
outcomes. Clin Oral Implant Res. 2019;30:570- 577.

 28. Schimmel M, Memedi K, Parga T, Katsoulis J, Muller F. Masticatory 
performance and maximum bite and lip force depend on the type of 
prosthesis. Int J Prosthodont. 2017;30:565- 572.

 29. Schimmel M, Voegeli G, Duvernay E, Leemann B, Muller F. Oral tac-
tile sensitivity and masticatory performance are impaired in stroke 
patients. J Oral Rehabil. 2017;44:163- 177.

 30. Enkling N, Moazzin R, Geers G, Kokoschka S, Abou- Ayash S, 
Schimmel M. Clinical outcomes and bone level alterations around 
one- piece mini dental implants retaining mandibular overdentures: 
5- year follow- up of a prospective cohort study. Clin Oral Implant 
Res. 2020;31(6):549- 556.

 31. Enkling N, Saftig M, Worni A, Mericske- Stern R, Schimmel M. 
Chewing efficiency, bite force and oral health- related quality of life 
with narrow diameter implants –  a prospective clinical study: re-
sults after one year. Clin Oral Implant Res. 2017;28:476- 482.

 32. Fletcher SG. Time- by- count measurement of diadochokinetic sylla-
ble rate. J Speech Hear Res. 1972;15:763- 770.

 33. Tiffany WR. The effects of syllable structure on diadochokinetic 
and reading rates. J Speech Hear Res. 1980;23:894- 908.

 34. Izuno H, Hori K, Sawada M, et al. Physical fitness and oral function 
in community- dwelling older people: a pilot study. Gerodontology. 
2016;33:470- 479.

 35. Sakayori T, Maki Y, Hirata S, Okada M, Ishii T. Evaluation of a 
Japanese "Prevention of long- term care" project for the improve-
ment in oral function in the high- risk elderly. Geriatr Gerontol Int. 
2013;13:451- 457.

 36. Watanabe Y, Hirano H, Arai H, et al. Relationship between frailty 
and oral function in community- dwelling elderly adults. J Am Geriatr 
Soc. 2017;65:66- 76.

 37. Tanaka Y, Nakano Y, Yokoo M, Takeda Y, Yamada K, Kayashita J. 
Examination about the relation of meal form, tongue pressure, grip 
and walking state in inpatient and elderly residents. Jpn J Dysphagia 
Rehabil. 2015;19:52- 62.

 38. Utanohara Y, Hayashi R, Yoshikawa M, Yoshida M, Tsuga K, 
Akagawa Y. Standard values of maximum tongue pressure taken 
using newly developed disposable tongue pressure measurement 
device. Dysphagia. 2008;23:286- 290.

 39. Komiyama T, Ohi T, Miyoshi Y, et al. Verification of the criteria 
for reduced occlusal force to diagnose oral hypofunction in older 
Japanese people: a prospective cohort study on incident functional 
disability. J Oral Rehabil. 2020;47:989- 997.

 40. Tallgren A, Tryde G. Swallowing activity of lip muscles in patients 
with a complete upper and a partial lower denture. J Oral Rehabil. 
1992;19:329- 341.

 41. Tallgren A, Holden S, Lang BR, Ash MM Jr. Jaw muscle activity 
in complete denture wearers –  a longitudinal electromyographic 
study. J Prosthet Dent. 1980;44:123- 132.

 42. Woda A, Hennequin M, Peyron MA. Mastication in humans: finding 
a rationale. J Oral Rehabil. 2011;38:781- 784.

How to cite this article: Schimmel M, Domioni T, Bukvic H, 
Arakawa I, Seifert E, Abou- Ayash S. Oral diadochokinesis and 
associated oro- facial function in young and old German 
mother- tongue speakers: A cross- sectional study. 
Gerodontology. 2022;39:33– 40. https://doi.org/10.1111/
ger.12602

https://doi.org/10.1111/ger.12602
https://doi.org/10.1111/ger.12602

