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The significant improvement of tongue pressure
after implant-supported prostheses
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Abstract :

edentulous patients. However, few studies have examined the relationship between masticatory

Implant-supported prostheses have been widely accepted for edentulous or partially

performance and implant-supported prostheses treatment. The aim of the study was to assess
changes in biting abilities, maximum tongue pressure, and oral health-related quality of life in
subjects with implant-supported restoration. Twenty partially edentulous patients who received
dental implant therapy were included in this study. Biting abilities including occlusal contact area,
bite force, maximum occlusal pressure, and average occlusal pressure, maximum tongue pressure,
and oral health-related quality of life (OHRQoL) were evaluated. The assessments were performed
at the baseline (pre-implant prostheses), post-implant prostheses, 1, 3, 6, and 12 months after
implant prostheses placement. Biting abilities showed no statistically significant differences
throughout the entire period. Maximum tongue pressure measurement was significantly increased at
12 months compared to before implant-supported prostheses treatment. OHRQoL was significantly
increased at 1 month, 3 months, 6 months, and 12 months after prostheses placement compared to
before prostheses placement. Placement of implant-supported prostheses for partially edentulous

patients significantly improved the maximum tongue pressure and OHRQoL.
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Introduction

Implant-supported fixed dental prostheses is
a promising treatment for the replacement of
missing teeth. Treatment with fixed prostheses
achieved better results regarding quality of life,
oral satisfaction, and masticatory function than
treatment with removable prostheses.”
Improvements in masticatory function are often
a primary reason for the selection of implant-
addition, the high

predictability, success rate and restoration of

supported treatment. In

esthetics are reasons why implant-supported
prostheses have been increasingly accepted as an
alternative to conventional dentures. However,
the time-dependent effects that dental implant
treatment have on the oral function, such as bite
abilities and tongue function, remain unknown.
Tongue movement, occlusal contact area, and
occlusal force are the factors relating to
masticatory performance. Tongue pressure is a
non-invasive and easy way to measure tongue

strength.>® Tt is associated with

5)

muscle

. . . 4,
masticatory performance in oral function™ and
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used to diagnose oral hypofunction. Decreases in
tongue pressure are related to the dysphagia
neurodegenerative

seen Iin patients with

6-9
' Tongue pressure also decreases

diseases.
with age.lo) However, no reports have assessed
the relationship between tongue pressure and
implant treatment.

Quality of life has been widely recognized as a
useful parameter when assessing physical and
mental health care, including oral health.'” The
patient-perceived impact of treatment is now
considered a highly important tool to evaluate
treatment success.”” The concept of oral-health-
related quality of life (OHRQoL) is widely used
to consistently measure patient-perceived impact
across different oral health conditions. Tooth
loss affects quality of life due to the loss of oral
function and the retention of teeth is associated
with better OHRQoL."" Since OHRQoL is used
to assess the effect of dental interventions,
OHRQolL. measures are a valuable tool to
evaluate implant-supported prostheses treatment.

The purpose of this study was to investigate
the influence of implant-supported prostheses
on bite abilities, tongue pressure, and OHRQoL
during the follow-up period in a time-dependent

manner.
Materials and methods

Participants

Twenty partially edentulous patients (mean
age 55.1 years, range 22-84) who received
dental implant therapy were included in this
study. All patients had unilateral missing teeth.
The following patients were excluded: patients
with dental implant overdentures, patients who
received immediate loading implants. All
participants received verbal and written
informed consents prior to participating in the
study. This study protocol was approved by the
Ethics Committee of Osaka Dental University
(111046).

Experimental protocol

All implants were installed with a two-stage
procedure according to the standard procedures.
After a healing period, the implants were
abutments  were

uncovered and healing

connected. The implant-supported  fixed
prostheses were placed for their edentulous
spaces. Biting abilities (occlusal contact area,
bite force, maximum occlusal pressure, and
average occlusal pressure), maximum tongue
pressure, and oral-health-related quality of life
were assessed before implant treatment and
during follow-up periods. The assessments were
performed at the baseline (pre-implant
prostheses), post-implant prostheses, 1, 3, 6,
and 12 months after implant prostheses

placement.

Biting abilities measurements

Occlusal contact area, bite force, maximum
occlusal pressure, and average occlusal pressure
were recorded as previously described.’” In
brief, a pressure-sensitive system with a
pressure-sensitive foil (Dental Prescale 1I; Fuji
Film, Tokyo, Japan) was used according to the
manufactured instruction. The patients were
seated with their heads in a vertical position and
instructed to bite the Dental Prescale sheet
with the maximal bite force. After measuring,
the foils were scanned by scanner (EPSON GT-
X830; Epson, Tokyo, Japan), analyzed using
biteforce analyzer system (Biteforce analyzer
software; Fuji Film) and visualized on the
display screen. The measurements were
performed three times for each patient and the

average of three measurements was used.

Tongue pressure measurement

Maximum tongue pressure was measured using
a tongue pressure measuring device, JMS-TPM
(JMS Co., Ltd., Hiroshima, Japan). The balloon
was put in the participant’s mouths, with lips
closed. The patients were asked to raise their

tongue and push the balloon against their palate
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using maximum efforts for seven seconds. The
measurements were performed three times for
each patient and the average of three
measurements was used as the maximum tongue

pressure.

Oral health-related quality of life
OHRQol. was evaluated wusing Japanese
GOHAI

previously described.'” In brief, a total of 12

version of the questionnaire as

OHRQoL factors were rated on 5-point scales; 1

always, 2 = often, 3 = sometimes, 4 = seldom, 5
never. A higher GOHAI total score (range: 12-
60) indicates higher OHRQoL. Japanese version
of GOHAI was wused after submitting an

application to iHope International (https://www.

sf-36.jp/index.html) and receiving approval for

its use.
Table 1 Patients characrteristics
Characteristics

Age 55.1+15.3
Gender Male 7
Female 13
Number of Missing teeth 1 12

2

3
Missing pattern Intermediate 11
Free-end 9

Statistical analysis

The statistical analyses were performed using
the SigmaPlot software 12.3. Statistical
differences in biting abilities and maximum
tongue pressure during follow-up periods were
analyzed by Tukey’s test following one way
analysis of variance.

repeated measures

Friedman repeated measures analysis of
variance on ranks was used to compare GOHAI
score among measurements during follow-up
periods. The presence or absence of a
statistically significant correlation between the
maximum tongue pressure and age was analyzed
by Pearson’s correlation coefficient. A p value
of less than 0.05 was considered to be

statistically significant.

Results

A total of 20 patients (7 male and 13 female)
with a mean age of 55.1 years were included in
this study. The patients’ characteristics are

Table 1.

intermediate missing cases and nine cases were

shown in Eleven cases were
free-end missing cases. Upper cases were 11 and
lower cases were 9. The baseline (pre-
prostheses) data are shown in Table 2. A
comparison of the baseline data on patients’ age,
occlusal contact area, bite force, maximum
occlusal pressure, average occlusal pressure,
and maximum tongue pressure revealed that no

significant differences were found between free-

Table 2 Baseline data of the patients

Free-end Intermediate
Age 58.3£11.5 52.4+17.9
Occlusal cantact area (mm*) 25.9+15.8 26.2+9.7
Bite force (N) 765.4+441.9 797.0+283.5
Maximum occlusal pressure (Mpa) 100.0+20.4 107.7+13.4
Average occlusal pressure (Mpa) 30.145.1 31.0+3.7
Maximum tongue pressure (kPa) 33.447.0 39.948.8
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end missing cases and intermediate missing
cases.

In order to determine the effect of implant-
supported prostheses on bite abilities, occlusal
contact area, bite force, maximum occlusal
pressure and, average occlusal pressure were
measured. The results showed no statistically
significant differences throughout the entire
period in all cases, free-end missing cases, and
intermediate missing cases, respectively (Figure
1A-D).

A comparison between the maximum tongue
pressure and the patients’ age revealed no
(Figure 2A). Maximum

correlation tongue
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Figure 1

pressure measurements showed that this was
significantly increased at 12 months compared
prostheses
treatment (p<0.05) (Figure 2B). In the free-end

missing cases, maximum tongue pressure was

to before implant-supported

significantly increased at 3 months (p<0.05), 6
(p<0.05), and 12 months (p<0.001)
compared to before prostheses (Figure 3A). On

months

the other hand, no significant differences were

found in the intermediate missing
throughout the entire period (Figure 3B).

The total GOHAI scores was significantly

cases

increased at 1 month, 3 months, 6 months, and 12

months after prostheses placement compared to
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Biting abilities measurements before and after implant-supported prostheses.

The mean values and the standard deviations of all cases, free-end missing cases, and
intermediate missing cases are shown. (A) Occlusal contact area. (B) Bite force. (C)
Maximum occlusal pressure. (D) Average occlusal pressure. Bar: standard deviation.
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Figure 2 Maximum tongue pressure measurement.
(A) Correlation between the maximum tongue
pressure at baseline and age.

(B) Maximum tongue pressure measurement before
implant-supported prostheses and follow-up periods.
Bar: standard deviation.

prostheses placement, respectively

(p<0.05) (Figure 4A). In both free-end and
intermediate missing cases, the total GOHAI

before

scores was also significantly increased after
implant-supported prostheses compared to

before prostheses placement (Figure 4B, C).

Discussion

The tongue plays an important role 1in
mastication and swallowing. It carries ingested

food to the molars, forms a bolus by mixing the
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Figure 3 Comparison of maximum tongue pressure
based on missing pattern.
(A) Free-end missing cases.
(B) Intermediate missing cases.
Bar: standard deviation.

food with saliva, and propels bolus from oral
cavity into the pharynx.'” Tongue pressure is
the force that is pressed voluntarily against the
palate and used to assess tongue function.'” The
previous studies indicated that tongue pressure
is associated with several factors, such as
gender, age, history of stroke, lean body mass,
erip strength, and HbAle.” " In addition, it has

been reported that tooth loss is significantly
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Figure 4 A box-and-whisker plots comparing
changes in GOHAI scores during follow-up periods.
(A) All patients.

(B) Free-end missing cases.

(C) Intermediate missing cases.

. . 15
associated with lower tongue pressure.”

However, few studies examined the relationship
between tongue pressure and implant-supported

prostheses treatment. In this study, it was

revealed that implant-supported prostheses had
a positive effect on maximum tongue pressure.
The most commonly used device for measuring
tongue pressure is the Iowa Oral Performance
Instrument (IOPI) (IOPI Medical LLC,
Washington, USA), which was patented in
1992.*'"® To measure maximum tongue pressure,
a JMS tongue-pressure-measuring device, that

9 .
'’ was used in the

was developed in Japan,'
present study. This device consists of a probe,
connecting the tube and main body. A recent
study revealed that maximum tongue
measurements using the IOPI and JMS were
significantly different but correlated.”’ The
Japanese standard maximum tongue pressure,
measured by the JMS
measuring device, was 41.7 £9.7 kPa in the
twenties, 41.9 &= 9.9 kPa in the thirties, 40.4 *+
9.8 kPa in the forties, 40.7 = 9.8 kPa in the

fifties.'” In this study, the maximum tongue

tongue-pressure-

pressure before prostheses placement was
35.7 &= 9.2 kPa in 20-59-year-old subjects. The
value was lower than that of the healthy
Japanese subjects, indicating that fewer than
three missing teeth might influence the tongue
pressure. After prostheses treatment, the
maximum tongue pressure was increased to the
standard level (42.1 £ 10.5 kPa). In free-end
missing cases, the average maximum tongue
pressure before prostheses was 33.4 &= 7.0 kPa,
and this was significantly increased to 39.0 =*
6.6 kPa, 39.5 & 4.3 kPa, and 40.7 &= 6.2 kPa at
3, 6, and 12 months, respectively. These results
suggested that implant-supported prostheses
treatment might restore the reduction in tongue
pressure, especially in free-end missing cases.
On the other hand, there was no significantly
differences between before and after implant-
supported prostheses treatment in intermediate
missing cases. The reason was that the maximum
tongue pressure in unilateral intermediate
missing cases was comparable to that of the
standard level even at pre-treatment. Since

tongue played an important role in swallowing,'”
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unilateral intermediate tooth loss may have
little influence on swallowing function.

The previous study indicated that the
masticatory performance of crushing abilities
was significantly correlated with maximum
tongue pressure.?’ The other study
demonstrated that there was a significant
correlation between mixing ability and maximum
tongue pressure in elderly people with no
occlusal support.?’ Since the maximum tongue
pressure was significantly improved by implant-
supported prostheses placement, implant
treatment might exert positive effects on
masticatory performance. Some studies
indicated that implant-supported overdenture

improvements in
2224
' In

presented significant

masticatory performance. partially
edentulous patients, the use of removable partial
dentures, fixed prosthodontics, or implant-
supported removable partial dentures improved
masticatory function by 10%-30%."%* 1In
patients with unilateral posterior missing teeth,
significant reductions of 29.3% in the median
particle size during freestyle mastication were
obtained from unilateral mastication on the
treated side after 3-months treatment.”® These
reports also supported our results that the
increase in the maximum tongue pressure by
implant-supported prostheses may lead to
improvements in the masticatory performance.
In this study, bite abilities, including occlusal
contact area, bite force, maximum occlusal
pressure, and average occlusal pressure, were
not significantly increased after implant-
supported prosthesis placement. The results
were comparable to our previous report that the
total occlusal contact area and the total occlusal
bite force showed no statistically significant
differences between pre-prostheses and post-
prostheses placement.”” In contrast, the other
study reported that implant prostheses provide
significant increases in the total occlusal
contact area and the total maximum occlusal

force in patients treated with from one to four

implant-supported single crowns.”” This is
possibly due to the differences in measurement
timepoints and the number of missing teeth
between the two studies. They compared these
bite abilities before crown cementation and 1
month after crown cementation, while our study
evaluated bite abilities throughout the long-
term follow-up period (1, 3, 6, and 12 months).
Since fewer than three missing teeth cases were
including in this study and 12 out of 20 cases
were single missing tooth cases, bite abilities
might show no significant differences after
prostheses. Implant-supported prosthesis in
more missing teeth cases may influence bite
abilities.

OHRQolL are used to evaluate the oral
conditions regarding quality of life and assess
the effect of dental interventions.”® Previous
systematic reviews suggest that rehabilitation
with dental implants in edentulous and partially
edentulous patients could improve OHRQoL.*”
Our group also indicated that GOHAI scores
decreased as the number of occlusal supports
decreased and GOHAI scores significantly
increased after prostheses placement in multiple
teeth missing cases.'™” In this study, GOHAI
scores significantly improved 1 month after
prostheses placement and were maintained for
up to 12 months. The results indicated that
implant-supported prostheses might have long-
term positive effects on OHRQoL.

Conclusion
The placement of implant-supported
prostheses significantly improved the maximum
tongue pressure, especially in free-end missing
cases. Implant-supported prostheses also had
long-term positive effects on OHRQoL. The
findings from the present study indicated that

implant treatment might be wuseful for the

restoration of masticatory performance.



The significant improvement of tongue pressure after implant-supported prostheses

Acknowledgement

We would like to thank the members of the

Department of Oral Implantology, Osaka Dental

University for their help, encouragement, and

contributions to the completion of this study.

This study was partly supported by Osaka Dental
University Funds (22-07).

Competing interests

The authors declare that they have no conflict

of interests.

1)

References

Palomares T, Montero J, Rosel EM, Del-
Castillo R, Rosales J I. Oral health-related
quality of life and masticatory function after
conventional prosthetic treatment: A cohort
follow-up study. J Prosthet Dent. 2018;119
(5):755-763.
Nagashima K, Kikutani T, Miyashita T,
Yajima Y, Tamura F. Tongue muscle strength
affects posterior pharyngeal wall advancement
during swallowing: A cross-sectional study of
outpatients with dysphagia. J Oral Rehabil.
2021;48(2):169—-175.

Arakawa I, Igarashi K, Imamura Y, Miiller 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.

Takahashi M, Koide K, Arakawa I, Mizuhashi
F. Association between perioral muscle pressure
and masticatory performance. J Oral Rehabil.
2013;40(12):909-915.

Sagawa K, Furuya H, Ohara Y, Yoshida M,
Hirano H, Iijima K, et al. Tongue function is
important for masticatory performance in the
healthy elderly: a cross-sectional survey of
community-dwelling elderly. J Prosthodont
Res. 2019;63(1):31—34.

Yoshida M, Kikutani T, Tsuga K, Utanohara
Y, Hayashi R, Akagawa Y. Decreased tongue
symptom of dysphagia.

pressure reflects

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

Dysphagia. 2006;21(1):61—5.

Hiraoka A, Yoshikawa M, Nakamori M, Hosomi
N, Nagasaki T, Mori T, et al. Maximum tongue
associated with
dysfunction in ALS patients.
2017;32(4):542—-547.

Umemoto G, Tsuboi Y, Kitashima A, Furuya

pressure is swallowing

Dysphagia.

H, Kikuta T. Impaired food transportation in
Parkinson's disease related to lingual brady-
kinesia. Dysphagia. 2011;26(3):250—255.
Konaka K, Kondo J, Hirota N, Tamine K, Hori
K, Ono T, et al. Relationship between tongue
pressure and dysphagia in stroke patients.
Eur Neurol. 2010;64(2):101-107

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(3):286—290.

Tan H, Peres KG, Peres MA. Retention of
teeth and oral health-related quality of life. J
Dent Res. 2016;95(12):1350—-1357.

Su N, van Wijk A, Visscher CM. Psychosocial
oral health-related quality of life impact: A
systematic review. J Oral Rehabil. 2021;48(3):
282-292.

Honda M, Yamada Y, Nakamura-Yamada S,
T, Tanioka K, et al.

Improvement of occlusal balance and quality

Hara T, Kusano
of life in patients by restoration with dental
implant. J Jpn Assoc Oral Rehabil. 2020;
33:25-33.

Palmer JB, Rudin NJ, Lara G, Crompton AW.
Coordination of mastication and swallowing.
Dysphagia. 1992;7(4):187—-200.

Tashiro K, Soutome S, Funahara M,
Kawashita Y, Kitamura M, Fukuda H, et al.
The

and Tongue

Relationship between Dental Findings
A Survey of 745

Adults and Elderly
Gerontology. 2021;67(5):

Pressure:
Community-Dwelling
Persons in Japan.
517—-524.
Tamine K, Ono T, Hori K, Kondoh J,
Hamanaka S, Maeda Y. Age-related changes in
tongue pressure during swallowing. J Dent
Res. 2010;89(10):1097-101.

Hirota N, Konaka K, Ono T, Tamine K, Kondo

J, Hori K, et al. Reduced tongue pressure



18)

19)

20)

21)

22)

23)

24)

The significant improvement of tongue pressure after implant-supported prostheses

against the hard palate on the paralyzed side

during swallowing predicts Dysphagia in
patients with acute stroke. Stroke. 2010;41
(12):2982—4.

Robin D.A, Goel A, Somodi L..B, Luschei E.S.
Tongue strength and endurance: relation to
highly skilled movements. J Speech Hear Res.
1992;35(6):1239—-1245.

Hayashi R, Tsuga K, Hosokawa R, Yoshida M,
Sato Y, Akagawa Y. Novel handy probe for
tongue pressure measuremaent. Int J Prosthodont
2002;15(4):385—388.

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

Kikutani T, Tamura F, Nishiwaki K, Kodama M,
Suda M, Fukui T, et al. Oral motor functions
and masticatory performance in the community-
dwelling elderly. Odontology. 2009;97:38—42.
Boven GC, Raghoebar GM, Vissink A, Meijer
HJ. Improving masticatory performance, bite
force, nutritionalstate and patient’s satisfaction
with implant overdentures: a systematic review
of the literature. J Oral Rehabil. 2015;42(3):
220-33.

Nogueira TE, Schimmel M, Leles CR. Changes
in masticatory performance of edentulous
patients treated with single-implant mandibular

conventional complete

2019;46(3):268—

overdentures and

dentures. J Oral Rehabil.
273.

Trindade Pinto Campos MF, Soares Paiva
AC, Dantas EM, da Fonte Porto

Torres

25)

26)

27)

28)

29)

30)

A, Barbosa GAS.
performance and impact on oral health-related
treated with

Carreiro Masticatory

quality of life in patients
immediately loaded implant-supported prosthesis.
Int J Prosthodont. 2021;34(3):300—30.

Jensen C, Speksnijder CM, Raghoebar GM,
Kerdijk W, Meijer HJA, Cune MS. Implant-
supported mandibular removable partial dentures:
Functional, clinical and radiographical parameters
in relation to implant position. Clin Implant
Dent Relat Res. 2017;19(3):432—439.
Khoury-Ribas L, Ayuso-Montero R, Willaert
E, Peraire M, Martinez-Gomis J. Do implant-
supported fixed partial prostheses improve
masticatory performance in patients with
unilateral posterior missing teeth? Clin Oral
Implants Res. 2019;30(5):420—428.

Goshima K, Lexner MO, Thomsen CE, Miura
H, Gotfredsen K, Bakke M. Functional aspects
of treatment with implant-supported single
crowns: a quality control study in subjects
with tooth agenesis. Clin Oral Implants Res.
2010;21(1):108—-14.

Allen PF. Assessment of oral health related
quality of life. Health Qual Life Outcomes.
2003;1:40.

Ali Z, Baker SR, Shahrbaf S, Martin N,
Vettore MV. Oral health-related quality of
life after prosthodontic treatment for patients
with partial edentulism: A systematic review
and meta-analysis. J Prosthet Dent. 2019;121
(1):59-68.e3.

Kanehira Y, Arai K, Kanehira T, Nagahisa K,
Baba S. Oral health-related quality of life in
patients with implant J Adv

Prosthodont. 2017;9(6):476—481.

treatment.



