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ABSTRACT

Objectives: Speech Diadochokinesis (DDK) is defined as the ability to produce repetitive and

Article info: fast speech movements. This study aimed at comparing the DDK rate between Farsi-speaking
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Available Online: 01 Mar 2020 : groups of young people (20-49 years) and elderly (50-69 years). DDK tasks was performed

based on two ways: the participant was asked to produce /pa/,/ta/,/ka/,/pata/,/pakal/,/taka/,
and /pataka/ sounds in 5 s; and to repeat single syllable sounds (/pa/,/ta/,/ka/) 20 times, two
syllables sounds (/pata/,/paka/,/taka/) 15 times, and a three syllables sound (/pataka/) ten times,
separately and quickly. The independent T-test, one-way ANOVA, and Pearson correlation
were used for data analysis.

Results: The results indicated a significant negative and weak correlation between age and all
syllables in the specified time (range: -0.139 to -0.254), and a positive and weak correlation
between age and time with respect to the repetition of all syllables (range: 0.121 to 0.245).
There was no significant difference between genders in both ways (P>0.05).
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Highlights

e Our results found a criterion for assessing the ability to produce oral movements in normal young and elderly
subjects.

o It is suggested that education is effective on the DDK rate; however, gender was not found effective.
Plain Language Summary

Oral diadochokinesis rate refers to the ability to produce fast and repetitive movements with vocal organs. The DDK
rate can indicate the physiological and structural changes in the central nervous system and the peripheral components
of the oral and speech production mechanisms. Therefore, the aim of this study was to compare the DDK rate between
Iranian young adults and elderly. The results indicated that the elderly’s diadochokinesis rate was slower than the
young people, which can be used for the diagnosis of individuals unable to produce repetitive and fast oral movements

and also as a basis for clinical assessments.

1. Introduction

ral diadochokinesis (DDK) refers to

the ability to produce fast and repetitive

movements with vocal organs [1]. Fletch-

er believed that in terms of physiological

skills, DDK is important because can rep-
resent free movements as a repeatable activity with re-
spect to muscle balance. This means that a subtle balance
should be maintained between the muscle tone, which
is necessary for maintaining a fixed state. Therefore, the
autonomous and integrated functioning of the muscles
requires alternating movements. The time required for
each movement is measurable and is a quantitative re-
flection of the muscle’s normal and pathological func-
tion. DDK rate has been considered by many speech and
language pathologists since it can be studied by measur-
ing the relationship between motor ability and speech
production. The DDK rate in a person’s speech depicts
his ability to express different movements (or repeti-
tions) in the puh-tuh-kuh syllables [1].

The Alternating Motion Rate (AMR) and Sequential
Motion Rate (SMR) tasks are two forms of the DDK
test, which are usually used to evaluate speech move-
ments [2] and are suitable for assessing the variety and
intensity of speech disorders in people with different
levels of linguistic and cognitive abilities [3]. The DDK
rate has traditionally been used to evaluate, diagnose,
and treat patients with oral cancer, glossectomy, mus-
culoskeletal disorders, swallowing disorder, functional
speech disorders, and speech apraxia. The DDK rate can
indicate the physiological and structural changes in the
central nervous system and the peripheral components of
the oral and speech production mechanisms [4].

In particular, for all types of speech and language disor-
ders and swallowing difficulty in the dysarthria, a detailed
oral-peripheral examination of the resting skeletal muscle
should be considered. Hence, a speech and language pa-
thologist evaluates the chewing muscles by observing its
structure, symmetry, force, accuracy, and speed [5].

According to the United States Census Bureau in 2003,
there are about 35.5 million elderly in the United States
[5] and based on the 2007 census in Iran, more than 6.5
million people are 60 years old and over, accounting for
8.2% of the Iran’s total population. In 2006, this propor-
tion was recorded as 7.3% [6]. This figure indicates the
growth of the elderly population in Iran. Accordingly,
addressing the communication and speech issues in this
population is necessary due to the prevalence of speech
disorders, such as swallowing, vocal, and motor prob-
lems, like dysarthria and Parkinson Disease (PD). Some
studies have been conducted on DDK speed in Iranian
children and adolescents [7, 8]. Although their results can
be used as a reliable scale for speech therapists; however,
no comprehensive study has been conducted in adults.
Therefore, the present study was designed to evaluate and
compare the rate of DDK in both young and older adults.

DDK has been affected by several speech and language
problems in adults, for example, in patients with trau-
matic brain injury [3, 9], PD [10], and also in adults with
hearing impairment [11]; however, a few studies have
examined and compared the speed of DDK in older
adults and young people. Pierce et al. studied the AMR
and SMR in the elderly population using acoustic analy-
sis software and examined the effects of age and gender
[2]. The results of a study on DDK rate in young and el-
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derly subjects showed that younger people had a higher
DDK rate in all tasks than the elderly [12].

Ashley et al. also addressed the speech, language, and
swallowing disorders in the elderly. The DDK tasks can
be used to assess the speed, accuracy, and control of the
thythm of phonation, respiration, and production [5].
Prathanee studied the DDK rate in adults and reported
that the results of his study could be used as a guide for
studying the DDK rate in normal people [4]. Parnell and
Amerman surveyed oral DDK among the young, older,
and dysarthric patients. They emphasized the need for
raising the clinical standards for defining the normative
rate for the elderly population [13], and Fletcher provid-
ed the normal DDK rate data for adults [14].

The purpose of this study was to compare the ability
of Farsi-speaking young and older adults regarding their
motor abilities (DDK rate) using two methods as men-
tioned above. We also aimed at assessing the effects of
gender and education on DDK rate. The obtained data
can be used as a benchmark by examining the rate of
fast and alternating movements of the vocal organs in the
normal young and elderly subjects.

2. Methods

This descriptive-analytic study was conducted on
normal young adults (20-49 years old) and the elderly
(50-69 years old) including both genders in the general
places in Tehran, such as universities, offices, education-
al classes, libraries, and parks using cross-sectional and
non-random sampling. The young people were divided
into three age groups of 20-29, 30-39, and 40-49 years
old and the elderly into two age groups of 50-59 and
60-69 years old. After completing the informed consent
forms, the personal information of the participants in dif-
ferent age groups was recorded and assessed according
to the inclusion criteria of the study.

The inclusion criteria included: 1) no history of head
injury, tumor, epilepsy, stroke, and other neurological in-
juries; 2) no other psychiatric disorders; 3) no history of
drug and alcohol abuse; and 4) no history of sensory im-
pairments, such as hearing and vision problems or lose.
Then, the experiment instructions were explained to the
subjects according to the two methods for performing
the DDK assessment. In the first method, the individuals
were asked to repeat the /pa/, /ta/, /ka/, then /paka/, /taka/,
and /pata/ followed by the /pataka/ syllables as fast as
they could within 5 s. Their voices were recorded using
a MP3 player for later analysis.
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In the second method, the subjects were asked to re-
peat 20 repetitions of the single syllables (/ka/, /ta/, /pa/),
15 repetitions of the two syllables (/paka/, /taka/, and /
pata/) and 10 repetitions of the three syllables (/pataka/)
separately and quickly. At the same time, the examiner
recorded the time spent for producing the syllables and
their voices once again. In both methods, the examiner
first performed them for the subjects and allowed him/
her to practice them once before performing and record-
ing the sound.

To determine the duration and number of the repeti-
tive syllables accurately, the recorded sounds were trans-
mitted to the Praat software v. 5.3.52 and analyzed. The
DDK rate was measured to determine the acoustic index
of the syllables per second using the mean peak number
or peak intensity variation.

Descriptive and inferential statistics were used for data
analysis. Descriptive statistics were used to prepare the
tables, plots, and calculate the statistical indices. Infer-
ential statistics, such as the independent t-test, one-way
ANOVA (Tukey post-hoc test), and Pearson correlation
coefficient were used for studying the research objec-
tives. The data were analyzed through SPSS software V.
16 at the significance level of 0.05.

3. Results

Atotal of 244 subjects (122 males and 122 females) par-
ticipated in this study and were divided into two groups
of the young people and the elderly. The mean age of the
participants was 43.91+14.41 years. Among the partici-
pants, 101 cases (41.4%) had completed an undergradu-
ate degree and higher education and 72 cases (29.5%)
had governmental jobs. The average number of syllables
spoken within the 5 s is presented in Table 1. The average
time spent to express the number of syllables according
to the age group and gender is presented in Table 2.

The Pearson correlation coefficient was used to deter-
mine the relationship between age and number of syl-
lables spoken within 5 s. The results indicated a negative
and significant, but poor correlation between age and all
spoken syllables (range: -0.139 to -0.254) (Table 3). In
addition, the results indicated a positive and significant,
but poor correlation between the age and time spent for
all the syllables to be repeated, except for the /pata/ syl-
lable (range: 121.12 to 0.244) (Table 4).

The one-way ANOVA test was used to compare the
mean number of syllables repeated after classifying the
subjects in five age groups (20-69 years). As shown in
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Table 1. The average number of syllables expressed in 5 s by age and gender (n=244)

Young Adults Older Adults
Age (y) 20-29 30-39 40-49 50-59 60-69
Gender M F M F M F M F M F

/Pa/ 26.07 26.08 27.70 25.42 24.37 25.20 23.41 24.87 22.54 23.04
/Ta/ 25.65 25.25 27.12 25.26 24.12 25.29 22.91 24.25 22.29 21.00
/Ka/ 23.76 23.75 26.00 23.19 22.95 23.41 21.33 24.12 29.87 20.29
/ Pata/ 14.73 14.70 16.04 14.65 14.08 14.37 13.58 14.29 14.50 13.12
/ Taka / 13.73 13.62 14.66 13.65 13.12 13.37 12.62 13.12 13.20 12.58
/ Paka / 14.23 14.37 15.25 14.07 13.79 13.87 12.91 14.04 13.33 12.95
/Pataka / 10.80 10.91 11.08 10.73 10.79 10.29 9.62 10.58 9.45 9.83

Figure 1, there was a significant difference among the
age groups regarding the number of syllables of /pa/, /ta/,
/ka/, and /pataka/ (P<0.05). The Tukey’s post-hoc test
results indicated that the average number of syllables,
including /pa/, /ta/, /ka/, and /pataka/ in the age groups
20-29 and 30-39 years were significantly higher than the
age group of 60-69 years (P<0.05); however, in the older
age groups, the average number of syllables repeated,
including /pata/, /taka/, and /paka/ decreased, but this dif-
ference was not statistically significant (P>0.05).

Mranian [Zehabilitation Mournal

In addition, there was a significant difference among
the age groups in terms of the time spent for 20 repeti-
tions of /pa/, /ta/, and /ka/ and 10 repetitions of /pataka/
(P<0.05). The Tukey’s post-hoc test results indicated that
the mean time needed for 20 repetitions of /pa/, /ta/, and
/ka/ and 10 repetitions of /pataka/ in the age groups of
20-29 and 30-39 years were significantly lower the age
group of 60-69 years old (P<0.05). In addition, in the
older age groups, the time spent for 15 repetitions of /

Table 2. The average time spent to express the number of syllables by age and gender (n=244)

Young Adults Older Adults
No. Age (y) 20-29 30-39 40-49 50-59 60-69
Gender M F M F M F M F M F
/Pa/ 4.02 3.94 3.67 4.09 4.30 4.31 4.44 4.25 4.69 4.55
20 /Ta/ 4.12 4.08 3.85 4.24 4.44 4.43 4.74 4.48 4.77 5.05
/Ka/ 4.40 4.33 4.10 4.70 4.59 4.70 5.02 4.51 4.99 5.29
/ Pata/ 5.33 5.16 4.76 5.37 5.69 5.51 5.71 5.23 5.28 5.93
15 / Taka / 5.62 5.63 5.30 5.68 5.91 6.03 6.12 5.78 5.72 6.15
/ Paka / 5.52 5.30 5.10 5.54 5.71 5.76 6.07 5.55 5.65 5.92
10 /Pataka / 4.76 4.74 4.60 4.74 4.88 5.05 5.35 5.00 5.27 5.38

Mranian Fehabilitation Mournal

Table 3. Correlation analysis between age and number of syllables spoken in 5 s (n=244)

Syllables Pearson Coefficient P
/pa/ -0.224 <0.001
/ta/ -0.229 <0.001
/ka/ -0.201 0.002

/pata/ -0.139 0.030
/taka/ -0.157 0.014
/paka/ -0.165 0.010
/pataka/ -0.254 <0.001

Mranian Fehabilitation Mournal
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Table 4. Correlation analysis between age and time spent to repeat syllables (n=244)

Time Pearson Coefficient P

20 repeations of /pa/ 0.221 0.001
20 repeations of /ta/ 0.245 <0.001
20 repeations of /ka/ 0.212 0.001
15 repeations of /pata/ 0.121 0.059
15 repeations of /taka/ 0.135 0.034
15 repeations of /paka/ 0.130 0.043
10 repeations of /pataka/ 0.219 0.001

pata/, /taka/, and /paka/ syllables increased; however, it
was not statistically significant (P>0.05).

Based on the results of the independent t-test, there was
no significant difference regarding the mean number of
syllables repeated between women and men (P>0.05). In
addition, no statistically significant difference was found
between both genders in the time spent for repeating the
syllables (P>0.05).

There was a significant difference between the edu-
cation level of the participants and the number of syl-
lables, including /ta/, /ka/, and /pataka/ (P<0.05). The
results of Tukey’s post-hoc test indicated that the aver-
age number of syllables, such as /ta/ and /pataka in the
cases with bachelor’s and higher education degrees was
significantly higher than those with high school educa-
tion (P<0.05). In addition, the average number of /ka/
syllables repeated in the group with higher education de-
gree was significantly higher than those with high school
education (P<0.05). Moreover, as the educational levels
increased, the average number of repeated syllables,
such as /pa/, /pata/, /taka/, and /paka/ increased; however,
it was not statistically significant (P>0.05).

Mranian Rehabilitation Mournal

There was a significant difference between the sub-
jects’ education level regarding the time spent for 20
repetitions of the syllables /ta/and /ka/ and 10 repetitions
of /pataka/ (P<0.05). The average time required for 20
repetitions of the syllables /ta/ and /ka/ in the group with
higher education was significantly lower than those with
high school education (P<0.05). In addition, the average
time needed for 10 repetitions of the syllable /pataka/ in
the cases with bachelor’s and higher education degrees
was significantly lower than those with high school
education (P<0.05). Moreover, as the education level
increased, the time spent for 20 repetitions of the syl-
lable /pa/ and 15 repetitions of /pata/, /taka/, and /paka/
decreased, however, this difference was not statistically
significant (P>0.05).

4. Discussion

An increase in the population of older people in Iran
along with the high prevalence of communication disor-
ders, such as swallowing difficulties and voice and motor
disorders, such as dysarthria and PD indicate that motor
speech disorders should be considered. As mentioned
previously, several studies have examined the DDK

30

25 HT1 ] —
. 20 ad8 20-29
2
€ 15 H = [030-39
=]
T E40-49

s | m50-59

M 60-69
0
/pa/ /ta/ /ka/ /pata/  /taka/ /pata/ /pataka/
syllables

Figure 1. Comparing the number of studied syllables in 5 s according to the age group
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speed in children and people having different disorders;
however, very few studies have addressed this issue in
normal adults and older people.

The aim of this study was to compare the rate of DDK
in young and older people to find a criterion for assessing
the ability to produce fast and repetitive speech move-
ments in normal adults. The obtained findings can be
used to identify people with these kinds of disabilities
and are helpful in designing an appropriate treatment
program for the affected groups.

The results of this study demonstrated that the average
number of syllables repeated, such as /pa/, /ta/, /ka/, and
/pataka/ in the age groups of 20-29 and 30-39 years was
significantly higher than the age group of 60-69 years.
In addition, with an increase in age, the average number
of repeated /pata/, /taka/, and /paka/syllables decreased,;
however, these differences were not statistically signifi-
cant. Regarding the production of syllables within the 5
s, the younger subjects performed better than the elderly.
This finding is in line with the results reported by Pa-
dovani et al. They examined the DDK rate in 23 adults
aged 30-46 and 23 adults aged 47-94 years old using the
using the Visi-Pitch I1I/Sona-Speech (Kay Elemetrics,
Inc.) voice analysis software.

The results indicated that younger subjects had higher
DDK rates [12]. In addition, in a review by Ashley et
al. on speech, language, and swallowing disorders in
elderly, the authors stated that the elderly patients com-
prise one of the most commonly referred patients to the
speech and language pathologists. In addition, they also
reported that the DDK tests can assess the speed, accu-
racy, and control of the rhythm of phonation, breathing,
and production. These studies have demonstrated the
problems faced by elderly in performing tasks, in which
the speed and accuracy of motion are involved as dis-
cussed in the present study [5].

The findings of other studies are in line with our re-
sults. In 1987, Parnell and Amerman asked two speech
pathologists to judge the adequacy of oral DDK in 10
men, aged 21-28 years, 10 geriatric men aged 67-81
years, and four dysarthric patients. The criterion 1 in-
dicates normality and the criterion 7 indicates a severe
deviation from normality. The results indicated signifi-
cant differences among the three groups, wherein the
elderly subjects were found at the end of the normal
range and close to the dysarthric patients [13].

Therefore, the results of the older population were
different from the younger population; however, their

Iranian [Ziehabilitation Blournal

results were not consistent with the results of the study
by Pierce et al. They studied the AMR for the syllables
/pal, /ta/, and /ka/ and the SMR for the syllable /pataka/
in adults aged 65 years and older. The rate of repetition
of the syllables for each task was measured using acous-
tic analysis software and the effects of age and gen-
der were studied. The results indicated that age had no
significant effect on the tasks, which can be due to the
studied age group (those over 65 years old) as it is sug-
gested that elderly subjects often suffer from speech,
language, and swallowing problems [2].

The average time required for 20 repetitions of the
syllables /pa/, /ta/, and /ka/ and 10 repetitions of the
syllable /pataka/ in the age groups of 20-29 and 30-39
years was significantly lower than the age group of 60-
69 years old. In addition, the duration of 15 repetitions
of the syllables /pata/, /taka/, and /paka/ increases by
an increase in the age of the subjects, however, these
differences were not statistically significant. This issue
can be attributed to a weakness of the muscles in the
organs participating in speech in the elderly subjects,
which can reduce the number of syllables at a specified
time and increase the time needed for producing the
syllables. In general, the non-significant results can be
due to the age of 69 years as this age is the beginning of
age-related and neuromuscular problems in the elderly.
Significant results can possibly be obtained by studying
those aged over 70 years old.

Our results indicated a negative and significant, but the
poor correlation between age and all syllables repeated
within 5 s; in other words, the number of syllables pro-
duced decreased with an increase in the age of the partic-
ipants. In addition, there was a positive and significant,
but poor correlation between age and the time needed to
repeat all syllables (except for /pata/), and also the time
required to repeat the specified syllables was increased
with increasing age.

The findings indicated no significant difference be-
tween women and men regarding both methods (fixed
time and number of syllables) of evaluating the DDK
rate. This suggests that the DDK performance was more
influenced by age than gender; therefore, it was not an
effective factor. The only study that reported gender-
related findings was conducted by Pierce et al. (2013);
however, their findings were not consistent with our re-
sults. They reported gender as an effective factor in the
rate of speech motion and men significantly performed
better than women [2].
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There was a significant difference between the educa-
tion and number of repetition of /ta/, /ka/, and /pataka/
syllables. In addition, the average number of produced
syllables, including /pa/, /pata/, /taka/, and /paka/ in-
creased with increasing educational levels; however,
these differences were not statistically significant. Edu-
cation has shown effective on the DDK rate. The el-
derly subjects with lower educational level had a lower
DDK rate than younger cases as expected. Similarly,
regarding the time needed to repeat the syllables, those
with higher education required a shorter time to repeat
syllables (except for /ta/, /ka/, and /pataka/ syllables).
It should be noted that the effect of education on DDK
has not yet been studied.

The obtained findings can be used to assess the DDK
rate in different age ranges in the normal population and
also in clinical settings as a benchmark for measuring the
speed of oral movements in several neurological diseases
because these patients face difficulties in making oral
movements. In this regard, the results of a study con-
ducted in England have long been used as a benchmark
for comparing the individuals with speech disorders [14].
One of the advantages of this method is that it cannot be
affected by a cognitive impairment in patients; therefore,
it has been used for disorders with all levels of severity. In
addition, in Iran there are numerous spoken dialects which
vary from province to province that is not associated with
cognitive impairment, therefore, the obtained DDK rate
can be used in all clinical settings as a benchmark with
other assignments that measure motor skills. Also, our
findings can provide comprehensive data for future stud-
ies to assess auditory, voice, and motor disorders. One of
the limitations of this study was the poor cooperation of
some nursing centers for sampling the elderly subjects.

5. Conclusion

The obtained data can be used as a benchmark for iden-
tifying the people with impaired fast and alternating oral
movements and should be useful for planning the most
appropriate treatment programs according to the severity
of the disorder.
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