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A B S T R A C T

Statement of the problem: Previous longitudinal studies have found that patients with shortened 
dental arches (SDA) have a higher risk of long-term tooth loss than complete dental arch (CDA). 
However, the difference between SDA and CDA concerning oral function has yet to be 
demonstrated.
Purpose: We aimed to clarify the influence of molar occlusal support on oral function in SDA and 
CDA participants cross-sectionally and longitudinally.
Materials and methods: We enrolled independent older adults (≥65 years) living in rural areas of 
Japan. Of these, 257 had CDA, and 21 had SDA without removable prostheses. We assessed the 
oral function (number of functional teeth, masticatory performance using gummy jelly, occlusal 
force, oral cleanliness, oral dryness, and maximum tongue pressure) during baseline and two 
years after baseline (follow-up). Comparison of oral function between SDA and CDA and changes 
over time were examined using repeated measures analysis of variance and post-hoc test.
Results: Cross-sectional analysis showed that both masticatory performance and occlusal force 
were significantly lower in SDA than in CDA. The functional teeth tended to decrease over time 
more in SDA than in CDA (p < 0.001). No longitudinal differences were found between SDA and 
CDA regarding other factors.
Conclusions: Participants with SDA had fewer teeth over time than CDAs, but no apparent dif-
ference was found in the decline of oral function.
Clinical implications: It is notable that prosthetic treatment for patients with SDA, whose main 
options are either implant or crown prosthesis, removable partial dentures, or no treatment, does 
not result in a loss of function over time. Prosthetic treatment should be conducted after careful 
consultation with the SDA patients to determine specific goals for each.
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1. Introduction

Human teeth, in general, tend be lost beginning with the posterior molars due to poor cleanability, treatment difficulty, and high 
occlusal force loading [1]. To prevent increased overloading on the remaining teeth and the loss of masticatory function, dentists 
restore the patients’ occlusion by replacing the missing using prosthetic treatments such as implants, fixed and/or removable dental 
prostheses [2,3].

While removable dental prostheses can restore function and aesthetics, it can also progressively damage the remaining teeth and 
surrounding oral tissues (ex. dental caries, periodontal disease, and resorption of the residual ridge [4,5]) if careful consideration of the 
treatment plan was not done. To avoid excessive dental treatment, the concept of Shortened Dental Arch (SDA) was introduced. Arnd 
Käyser defined SDA as a condition when partial edentulism of distal extension edentulous space in the posterior area exists [6].

Previous cross-sectional studies have reported no significant differences between SDA and Complete Dental Arch (CDA) in 
masticatory ability, symptoms of temporomandibular disorders, remaining teeth migration, and oral comfort [7–10]. On the other 
hand, SDA patients were found to have a higher risk of tooth loss in the long term, according to a longitudinal study [11,12]. However 
the difference between SDA and CDA concerning oral function has yet to be demonstrated.

Therefore, this prospective cohort study was conducted to clarify the influence of molar teeth occlusion on oral function and its 
change over time in older adults with CDA and SDA who had never worn removable dentures.

2. Materials and methods

2.1. Study design and participants

The study protocol received approval from the Ethics Review Committees at Hyogo Medical University (Rinhi 0342) and Niigata 
University (Approval No.G2021-0027) for research involving human subjects. The investigation adhered to STROBE guidelines, and 
participants provided written informed consent prior to the survey.

The study population consisted of independent older adults, aged 65 and above, residing in the Tamba-Sasayama region. These 
individuals took part in the Joint Medical-Dental Health Study (Frail Elderly in Sasayama-Tamba Area; FESTA study) from June 2016 
to July 2020. Participants completed surveys at two time points: an initial assessment and a follow-up evaluation conducted two years 
later.

Table 1 shows inclusion and exclusion criteria for SDA and CDA. The definition of an occlusal unit (OU) followed Kayser’s [6].

2.2. Assessment of oral function and oral health status

The oral examination was performed by dentists affiliated to the university who participated in the pre-calibration process. All 
dentists were calibrated twice (2 h/day, 4 h in total) before the evaluation, and the evaluations were reconciled. To eliminate potential 
measurement bias, the dentists who performed the evaluations were blinded to the purpose of the study. The assessments were 
conducted before meals and at least 1 h after oral cleaning.

The assessment components encompassed the number of functional teeth, masticatory performance, occlusal force, tongue pres-
sure, oral cleanliness, and oral dryness. The total number of functional teeth (NFT) included the natural teeth, treated teeth with 
crowns [13]. We evaluated the masticatory performance (MP) score using a test gummy jelly (UHA Mikakuto, Co., Ltd., Osaka, Japan) 
[14]. We measured the maximum occlusal force (OF) of the left and right first molars using an occlusal force meter (GM10, Nagano 
Keiki Co., Ltd., Tokyo, Japan), but when the first molar was missing, the adjacent tooth was measured. Then the sum of both mea-
surements was used for the analysis [15]. We evaluated the tongue pressure using the JMS Tongue Pressure Monitor (TPM-02E: JMS, 
Hiroshima, Japan). We instructed the participants to press the balloon continuously against the palate for approximately 5–7 s using 
their tongue twice, and the higher value was taken as the participant’s maximum tongue pressure value [16]. The bacterial count was 
measured with a rapid oral bacteria quantification system (Panasonic Healthcare Co. Ltd., Osaka, Japan) using the dielectrophoresis 
impedance measurement method (level 1–7: few-numerous) [17]. Oral dryness was the maximum of two measurements taken on the 
tongue using an oral moisture meter (Mucus, LIFE Co., Ltd., Saitama, Japan) [18].

Table 1 
Inclusion criteria and exclusion criteria for SDA and CDA.

Inclusion 
criteria

SDA Kennedy I or Kennedy II maxilla or mandible with full occlusal support of anterior teeth with Occlusal units (OU) of 0–6. (In 
this model 1 M occlusal unit was defined as 1 OU for a pair of occlusal supports in the upper and lower premolars and 2 OU 
for a pair of occlusal support in the maxillary and mandibular molars as proposed by Kayser [6])
Partially edentulous areas untreated for at least one month and no dental procedures done such as tooth extraction, new 
dentures, or crown restorations during the study period.
Intact anterior dental arch restorable with fixed partial dentures or implant-supported fixed partial dentures.

CDA Participants who had full occlusal support from all teeth except third molars. The occlusal support was defined as functional 
teeth (excluding fixed bridges pontics, implants and residual roots) [12,13].

Exclusion 
criteria

for both 
groups

Current use of removable partial dentures,
Persons with dental caries, periodontal disease, or temporomandibular joint disorder [12].

SDA: shortened dental arch.
CDA: Complete dental arch.
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2.3. Sample Size Calculation and statistical analysis

The Shapiro-Wilk test was employed to assess the normality of data distribution. In cases where the data did not follow a normal 
distribution, transformations using square root or logarithmic methods were applied.

For baseline comparison of the SDA and CDA groups, we employed either the Mann-Whitney U test or the χ2 test. To evaluate 
differences between SDA and CDA, as well as temporal changes, we utilized repeated measures ANOVA. When statistical significance 
was observed, post-hoc tests (Bonferroni method) were conducted for the main effect terms (tooth condition (CDA/SDA) and time) and 
the interaction term. Statistical analyses were performed using SPSS (IBM SPSS Statistics 23, Armonk, NY, USA), with the significance 
level set at 5 % for all tests.

3. Results

3.1. Characteristics of participants

Fig. 1 shows the process of participant selection in both groups. The baseline data consisted of 995 participants, then we excluded 
those who did not meet the criteria. (n = 755, 75.9 %). Participants were enrolled in two groups according to OU: the SDA group with 
Kennedy I or Kennedy II maxilla or mandible with full occlusal support of anterior teeth with 1–6 OU and the CDA group with 12 OU. 
The SDA group (n = 21) represented 3.9 % of the total number of participants (8 males and 13 females with a mean age of 71.3 ± 4.0 
years, mean ± S.D.), and no participants dropped out. In the CDA group, nine of the 266 participants (94 males, 172 females) who 
participated in the baseline did not take part in the re-assessment. Finally, the CDA group included 257 participants (88 males and 169 
females, mean age: 71.6 ± 5.4 years, mean ± S.D.).

Table 2 shows the participant characteristics. The mean NFT in the SDA group was 23.5 ± 0.7. The mean MP was 3.8 ± 0.4 in the 
SDA group and 5.4 ± 0.1 in the CDA group. There were significant differences in the NFT (p < 0.001) and MP (p < 0.001) between the 
groups. On the other hand, there were no significant differences between groups in other oral functions as well as demographic data.

3.2. Changes in oral functions over time

The MP and OF were significantly lower in SDA than in CDA at both baseline and follow-up, but there were no significant dif-
ferences between SDA and CDA in other oral functions (Fig. 2A, B and Table 3).

Both SDA and CDA showed no significant difference in MP but showed a significant decrease in OF over time (Fig. 2B). On the other 
hand, SDA with less occlusal support showed a decrease in NFT faster than CDA, indicating an interaction between time and SDA/CDA 
(Fig. 2C).

4. Discussion

In this study, the SDA group had significantly lower occlusal force than the CDA group. The difference between the occlusal force of 
the SDA and CDA groups was probably due to the decrease in occlusal support resulting from the decrease in the number of teeth in the 
SDA group [19]. In addition, a decrease in occlusal force over time was observed in both the SDA and CDA groups. This result agreed 

Fig. 1. Flowchart showing the process of determining the final analysis participants. 
The baseline data consisted of 995 participants, then we excluded those who did not meet the criteria. (n=755, 75.9%). Participants were enrolled in 
two groups according to OU: the SDA group with 0-6 OU and the CDA group with 12 OU. The SDA group (n=21) represented 3.9% of the total 
number of participants (8 males and 13 females with a mean age of 71.3 ± 4.0 years, mean ± S.D.), and no participants dropped out. In the CDA 
group, nine of the 266 participants (94 males, 172 females) who participated in the baseline did not take part in the re-assessment. Finally, the CDA 
group included 257 participants (88 males and 169 females, mean age: 71.6 ± 5.4 years, mean ± S.D.).
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with the report of Shiga et al., which mentioned that although the occlusal force of adults with natural dentition does not differ from 20 
to 60 years of age, it was found to decrease significantly after 60 years of age [20]. Furthermore, it has been reported that the occlusal 
force is less affected by aging when many teeth are present [21]. Since the occlusal force of the CDA group was thought to be less 
affected by aging in our present study, it resulted in a relatively greater decrease in the occlusal force of the SDA group than the CDA 
group.

The masticatory performance, on the other hand, did not significantly change over time in both groups. Because masticatory 
performance is influenced by the occlusal force, which is also dependent on the presence or absence of occlusal support of the molars 

Table 2 
Baseline characteristics of participants.

Evaluated items CDA (n = 257) SDA (n = 21) p

Age (years) 71.6 ± 5.4 71.3 ± 4.0 0.21

Gender (Male) 81 (31.5％) 8 (38.1％) 0.79
Num. of Functional teetha 28.0 ± 0.0 23.5 ± 0.7 <0.001
Masticatory performance (score) 5.4 ± 0.1 3.8 ± 0.4 <0.001
Occlusal force (kgf)a 83.5 ± 2.2 60.1 ± 5.1 0.003
Oral cleanliness (Lv) 4.9 ± 0.1 4.5 ± 0.3 0.07
Oral dryness 26.7 ± 0.3 26.3 ± 1.1 0.71
Tongue pressure (kPa) 32.4 ± 0.5 30.5 ± 1.3 0.28

Data are presented as the mean ± standard deviation, or number of participants (%).
CDA: Complete dental arch.
SDA: shortened dental arch.
Number of functional teeth: Natural teeth and treated teeth that have a crown, excluding bridge pontics and implants.
Masticatory performance (Score): Gummy jelly score evaluation by visual inspection.
Occlusal force (kgf): Measured by the occlusal force meter.
Oral cleanliness (Lv): Bacterial count (Level 1–7) on the tongue surface using a dielectrophoretic impedance measurement method.
Oral dryness: Maximum value of two measurements on the tongue using an oral moisture meter.
Tongue pressure (kPa): Maximum value obtained from two measurements using the JMS tongue pressure meter.
p: Comparison of CDA and SDA by Mann-Whitney U test.

a Significant difference between CDA and SDA, by the Mann-Whitney U test or χ-square test.

Fig. 2. Changes in oral functions over time 
Comparisons between SDA and CDA and changes over time were examined using repeated measures ANOVA. 
Values are presented as the mean ± standard deviation. 
*: Significant difference in Dentition status by repeated measures ANOVA. 
†: Significant difference between Pre and Post for each dentition by repeated measures ANOVA. Variables are the same as in Table 2

Table 3 
Results of the repeated measures ANOVA of oral function factors.

Evaluated items Dentition status(SDA/CDA) Time(pre/post) Interaction(Dentition status£Time)

F p η2 F p η2 F p η2

Num. of functional teeth 276.4a <0.001 0.51 46.0a <0.001 0.15 18.4a <0.001 0.07
Masticatory performance (score) 26.5a <0.001 0.10 0.14 0.71 0.001 0.003 0.95 <0.001
Occlusal force (kgf) 15.4a <0.001 0.06 20.6a <0.001 0.07 2.16 0.14 0.008
Oral cleanliness (Lv) 7.3 0.14 0.03 1.8 0.18 0.007 0.34 0.56 0.001
Oral dryness 0.01 0.92 <0.001 2.6 0.11 0.01 0.22 0.64 0.001
Tongue pressure (kPa) 0.92 0.34 0.004 0.25 0.62 0.001 0.26 0.61 0.001

Comparisons between SDA and CDA and changes over time were examined using repeated measures ANOVA.
Main effect: Dentition status (CDA/SDA), Time(pre/post), Interaction: Condition × Time.

a F is significant at the 0.05 level, and p value is the significance probability of each main effect and interaction. Variables are the same as in Table 2.
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[22], it was likely that in the SDA group with remaining occlusal support, the decrease in occlusal force had less influence on the 
masticatory performance over time.

There were no significant differences between the SDA and CDA groups in oral environmental factors such as oral cleanliness and 
oral dryness. This suggests that regardless of oral environmental status, being an SDA is likely to be a factor in long-term tooth loss by 
itself.

5. Conclusions

We conclude from our study findings that participants with SDA had fewer teeth over time than those with CDA, but no apparent 
difference was found in the decline of oral function. Prosthetic treatment for patients with SDA, whose main options are either implant 
crown prosthesis, removable partial dentures, or no treatment at all, should be performed with careful consideration for each SDA 
patient because each has different priorities in terms of outcomes from prosthetic treatment.
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