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SUMMARY The aim of this multicentre prospective

study was to investigate the effect of prosthetic

restoration for missing posterior teeth in patients

with shortened dental arches (SDAs). SDA patients

with 2–12 missing occlusal units (a pair of

occluding premolars corresponds to one unit, and

a pair of occluding molars corresponds to two

units) were consecutively recruited from seven

university-based dental hospitals in Japan.

Patients chose no replacement of missing teeth or

prosthetic treatment with removable partial

dentures (RPDs) or implant-supported fixed

partial dentures (IFPDs). Oral health-related

quality of life (OHRQoL) was measured using the

oral health impact profile (Japanese version –

OHIP-J) at baseline and follow-up/post-treatment

evaluation. Of the 169 subjects who completed

baseline evaluation, 125 subjects (mean age;

63�0 years) received follow-up/post-treatment

evaluation. No-treatment was chosen by 42% (53/

125) of the subjects, and 58% (72/125) chose

treatment with a RPD (n = 53) or an IFPD (n = 19).

In the no-treatment (NT) group, the mean OHIP

summary score at baseline was similar to that at

follow-up evaluation (P = 0�69). In the treatment

(TRT) group, the mean OHIP summary score

decreased significantly after the RPD treatment

(P = 0�002), and it tended to decrease, though not

statistically significant (P = 0�18), after the IFPD

treatment. The restoration of one occlusal unit was

associated with a 1�2-point decrease in OHIP

summary score (P = 0�034). These results suggest

that the replacement of missing posterior teeth

with RPDs or IFPDs improved OHRQoL. Prosthetic

restoration for SDAs may benefit OHRQoL in

patients needing replacement of missing posterior

teeth.
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Introduction

In the early 1980s, K€ayser named partial edentulism

in which the most posterior teeth are missing as

shortened dental arch (SDA), and he proposed that

SDA patients with at least 4 occlusal units (OUs) have

sufficient adaptive capacity to maintain oral function

(1). A pair of occluding premolars corresponds to one

unit, and a pair of occluding molars corresponds to

two units (1). This concept is supported by observa-

tional studies on oral function, signs and symptoms of

temporomandibular disorders, occlusal stability and

periodontal support in SDA patients (2). In the litera-

ture, cross-sectional, case–control and prospective

studies suggest that the prosthetic treatment with

removable partial dentures (RPDs) does not improve

oral function and oral health-related quality of life

(OHRQoL) of SDA patients (3–7). Randomized con-

trolled trials have provided a strong evidence that

having a SDA is more favourable than restoration of

missing molars with RPDs in terms of patient satisfac-

tion, OHRQoL, longevity, tooth loss, maintenance,

prevention of caries and periodontal disease affecting

the abutment teeth, nutritional status and cost-effec-

tiveness (8–15).

The SDA concept that missing posterior teeth are

restored to premolar teeth and missing molars remain

unrestored is widely accepted in European countries

as an alternative option for the treatment of partial

edentulism (16–18). Although Japanese dentists are

well aware of the SDA concept, its clinical application

seems to be limited and the application of the SDA

concept in Japan is still under debate in Japanese

Prosthetic Society. Thus, a research group was formed

from seven universities located at major cities in

Japan. This project aimed to investigate the effect of

prosthodontic treatment with RPDs or implant-sup-

ported fixed partial dentures (IFPD) on QHRQoL and

masticatory function in SDA patients. In a previous

paper based on baseline evaluation, we reported that

patients’ perception of chewing difficulty, missing first

molar(s) and asymmetry of remaining teeth in the

arch (arch asymmetry) were factors in choosing pros-

thetic restoration for SDAs (19). In this study, the

effect of prosthetic restoration on OHRQoL is pre-

sented. The null hypothesis to be tested in this study

is that prosthetic restoration for SDA does not

improve OHRQoL.

Materials and methods

This study employed a multicentre prospective design.

Shortened dental arch patients who met the pre-

scribed inclusion and exclusion criteria as shown in

Table 1 were consecutively enrolled into the study

from seven university-based dental hospitals (urban

areas; Tokyo Medical and Dental University, Osaka

University and Showa University, rural areas; Kyushu

University, Hiroshima University, Tohoku University

and Okayama University). The subjects chose no-

treatment (wait and see; NT group) or treatment (TRT

group) with RPD (clasp-retained resin base or metal

base dentures) or IFPD for their edentulous spaces at

study entry. OHRQoL, perceived chewing ability and

objective masticatory performance were assessed at

baseline (before prosthetic treatment) and reassessed

during regular check-up for the no-treatment group

or after the treatment for the treatment group. At

baseline evaluation, a questionnaire was given to the

subjects to record the duration of SDA without

replacement, experience with an RPD, educational

level and whether they had complaint about their

chewing ability (19). Each subject received a written

and oral description of the experimental procedures,

and informed consent was obtained prior to enrol-

ment into the study. All experimental procedures

were approved by the Institutional Review Board of

each university.

Oral health-related quality of life

OHRQoL was measured using the oral health impact

profile-Japanese version (OHIP-J) (20). The OHIP-J

has 49 items derived from the English-language

OHIP which are meant to characterise seven domains

(functional limitation, physical pain, psychological

discomfort, physical disability, psychological disability,

social disability and handicap) and five items specific

to the Japanese population. For each OHIP item,

subjects were asked how frequently they had experi-

enced the impact of that item in the last month.

Responses were made on a scale 0 (never) to 4 (very

often). OHRQoL impairment was defined as a sum-

mary score of 49 or 54 items. A higher OHIP sum-

mary score indicated OHRQoL impairment. In this

study, the summary score of 49 items and subscales

of 7 domains were used as indices for OHRQoL.
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Baseline evaluation was performed on entry (pre-

treatment). Follow-up/post-treatment evaluations

were performed at 3-, 6- and 12-month intervals

after the baseline evaluation (NT group) or after the

prosthetic treatment (TRT group).

Statistical analysis

Comparisons of characteristics between the groups

who completed follow-up/post-treatment evaluation

were performed using chi-square tests or one-way

analysis of variance (ANOVA) with Tukey’s multiple

comparisons. There were missing data for subjects

who did not complete follow-up/post-treatment eval-

uation at all three intervals. Thus, the data at last

interval each subject completed were used for the sta-

tistical analysis of OHIP scores. Within-subject com-

parisons of OHIP summary/subscale scores between

baseline and follow-up/post-treatment evaluation

were performed using paired t-test. P-values for OHIP

subscales were corrected using the Bonferroni

method. Effect size (ES) for the OHIP summary score

was estimated for a benchmark of the treatment effect

in the TRT group with the following function: (mean

score follow-up/post-treatment � mean score at base-

line)/standard deviation (s.d.) of change scores.

ES < 0�2 is considered to be small, 0�4 is moderate,

and >0�8 is large (21). Power analysis was performed

using sample power 2.0* , if P-value did not reach sig-

nificance in the treatment group. A regression analy-

sis was performed with the change in OHIP summary

score as an outcome and the change in number of

replaced OUs as a predictor. A P-value < 0�05 was

considered statistically significant. SPSS 17.0* was

used for statistical analyses.

Results

During the period from February 2009 to November

2009, a total of 173 patients met the prescribed crite-

ria, and baseline evaluation was performed in 169

subjects. One hundred and twenty-five subjects

(74�0%; 125/169, mean age 63�0 years, standard devi-

ation (s.d.) 10�6 years) received follow-up/post-treat-

ment evaluation at least once. Seventy-eight subjects

(41�1%; 78/169) completed follow-up/post-treatment

evaluations at three intervals, 19 subjects (11�2%; 19/

169) received evaluation at two intervals, and 28 sub-

jects (14�3%; 28/196) received evaluation at one

interval (Table 2). Of 125 subjects, 42�4% (53/125)

chose no-treatment and 57�6% (72/125) received

with RPDs (42�4%: 53/125) or IFPDs (15�2%; 19/

125). Forty-four subjects (26�0%; 44/169) were lost to

all follow-up/post-treatment evaluations.

The characteristics of 125 subjects who received fol-

low-up/post-treatment evaluation are presented in

Table 3. The mean age of subjects in the TRT group

receiving an IFPD was significantly less than those in

the NT group and in the TRT group receiving an RPD

group (P < 0�05). The mean number of missing OUs

in subjects with and RPD in the TRT group was signif-

icantly greater than NT group and TRT group subjects

with IFDP (P < 0�01). The NT group showed a greater

percentage of subjects with lack of replacement for

more than 12 months and a significantly lower per-

centage of chewing complaints compared to the sub-

jects with either RPD or IFPD in the TRT group

(P < 0�01). No significant differences among groups

Table 1. Criteria for subject enrolment into the study

Criteria

Inclusion criteria

Kennedy Class I or Class II partially edentulous areas posterior to canines with no modification spaces (2–12 missing occlusal units)

A pair of occluding premolars corresponds to one unit, and a pair of occluding molars corresponds to two units.

Kennedy Class I or Class II partially edentulous areas untreated for at least 1 month

Intact anterior dental arch restorable with fixed partial dentures or implant-supported fixed partial dentures

Exclusion criteria

Acute dental and periodontal diseases

Current use of removable partial dentures

Posterior teeth treated with fixed partial denture pontic or implant-supported fixed partial denture

Planned to be restored with cantilever fixed partial denture

*SPSS Japan Inc., Tokyo, Japan.
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were found in educational achievement level, experi-

ence of RPD usage and arch symmetry (P > 0�05).
The mean (s.d.) increase in OU with prosthetic treat-

ment was 5�9 (2�4) [right side: 2�8 (2�6), left side: 2�5
(2�3)].

OHIP summary scores at baseline and follow-up/

post-treatment evaluations are shown in Table 4. In

the NT group, the mean OHIP summary scores at

baseline and last follow-up evaluation were similar

(P = 0�69). A moderate (statistically significant)

decrease in OHIP summary score from baseline to last

post-treatment evaluation (ES = 0�39, P = 0�002) was

found in the TRT group. The subgroup of subjects in

the TRT group with RPDs showed a moderate (statisti-

cally significant) decrease (ES = 0�40, P = 0�005),
while TRT group with IFPD showed a small and not

statistically significant decrease (ES = 0�33, P = 0�18).
The regression analysis found that in the TRT group,

the restoration of one OU was associated with a

1�2-point decrease in OHIP summary score (t = 2�1,
P = 0�034, standard error of regression coefficient

= 0�53, standardised regression coefficient = 0�19, R2 =

0�036, F = 4�6).
Within OHIP subscales (Table 5), the TRT group

with an RPD showed significant decreases after the

treatment in functional limitation and physical dis-

comfort (P < 0�05). Decreases in functional limitation

and physical pain were also seen after the treatment

in those subjects receiving an IFPD, but they were not

statistically significant (P > 0�05). The characteristics

and mean OHIP summary score at baseline of the

subjects who participated in baseline evaluation but

dropped out before follow-up/post-treatment evalua-

tion (n = 44) are presented in Table 6. Overall, the

characteristics of the dropout group were similar to

those who participated in follow-up/post-treatment

evaluations (P > 0�05). Mean OHIP summary scores at

baseline for subjects that dropped out of the TRT

group were slightly lower than those in the TRT

group that completed post-treatment evaluation, but

the difference was not statistically significant (t-test,

P > 0�05). Mean OHIP summary scores were similar

Table 2. Distribution of subjects who received baseline and follow-up/post-treatment evaluation

Baseline

3 month 6 month 12 month

Last evaluation*Evaluated Missed Lost Evaluated Missed Lost Evaluated Lost

No-treatment 70 51 2 17 45 3 5 43 5 53

Treatment 99 64 8 27 51 4 17 46 8 72

RPD 69 52 7 16 40 0 13 33 6 53

IFPD 30 12 1 11 11 4 4 13 2 19

Total 169 115 10 44 96 7 22 89 13 125

*Number of subjects who received follow-up/post-treatment evaluation at least once in 12 month interval.

Table 3. Characteristics of the subjects at baseline who received follow-up/post-treatment evaluation at least once (n = 125)

No-treatment group

Treatment group

PRPD IFPD

Number of subjects 53 53 19

Follow-up rate 75�7% (53/70) 76�8% (53/69) 63�3% (19/30) 0�347*
Mean age (s.d.) (years) 64�5 (11�7)a 63�9 (8�5)a 56�1 (10�2)b 0�007†
Gender (male) 28�3% 18�9% 36�8% 0�267*
Mean number of missing OUs (s.d.) 4�0 (2�2)a 6�9 (2�4)b 5�0 (1�9)a <0�001†
Duration of SDA more than 12 month 64�7% 34�0% 47�4% 0�007*
Chewing complaint (presence) 28�3% 72�5% 50�0% <0�001*
Educational level (University or College) 34�0% 26�4% 36�8% 0�656*
RPD experience (presence) 28�8% 34�0% 52�6% 0�191*
Symmetry (symmetric SDA) 27�1% 18�0% 8�0% 0�589*

*Chi-square test.
†one-way ANOVA and Tukey’s post hoc multiple comparisons. Different letters indicate significant difference (P < 0�05).
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for subjects that dropped out or completed follow-up

evaluations in the NT group (t-test, P = 0�92).

Discussion

The present study aimed to determine whether pros-

thetic restoration for SDA could offer an improvement

in terms of OHRQoL. The interpretation of any treat-

ment effect should be made not only on statistical sig-

nificance but also on clinical significance. In this

respect, effect size may be a useful indicator for clini-

cal significance. The results of the within-subject com-

parison in the treatment group found a moderate and

statistically significant improvement in mean OHIP

Table 4. Mean (95% confidence interval) of OHIP summary scores at baseline and follow-up/post-treatment evaluation

Baseline

Follow-up/Post-treatment

P*3 month 6 month 12 month Last evaluation

No-treatment 32�3 (25�8, 38�8) 33�6 (30�2, 38�5) 24�4 (21�4, 28�9) 28�5 (24�8, 33�4) 31�3 (24�7, 37�9) 0�689
Treatment 40�6 (35�1, 46�1) 32�5 (29�8, 37�1) 29�4 (26�2, 34�2) 31�1 (27�9, 35�8) 32�4 (27�5, 37�2) 0�002
RPD 44�4 (38�2, 50�6) 33�3 (30�3, 37�9) 33�4 (29�8, 38�2) 35�3 (31�6, 39�9) 35�5 (29�8, 41�1) 0�005
IFPD 29�9 (19�6, 40�2) 28�9 (22�4, 33�6) 14�7 (9�7, 18�8) 20�2 (14�7, 24�7) 23�8 (15�1, 32�6) 0�177

*Within-subject comparison using paired t-test at baseline and last follow-up/post-treatment evaluation.

Table 5. Mean (95% confidence interval) of OHIP subscale scores in treatment with RPD and IFPD group at baseline and last

post-treatment evaluation

RPD (n = 53) IFPD (n = 19)

Baseline Post-treatment P* Baseline Post-treatment P*

Functional limitation 12�7 (11�4, 14�0) 9�8 (8�5, 10�7) 0�002 8�7 (7�4, 10�0) 5�9 (4�7, 6�5) 0�217
Physical pain 8�6 (7�5, 9�8) 7�2 (5�8, 8�0) 0�201 7�1 (5�9, 8�2) 4�8 (3�9, 5�9) 0�161
Psychological discomfort 5�9 (5�1, 6�8) 4�3 (3�4, 4�8) 0�011 3�5 (2�7, 4�3) 2�5 (1�7, 2�9) 1�00
Physical disability 7�9 (6�6, 9�1) 6�8 (5�9, 7�7) 0�777 5�1 (4�0, 6�2) 3�5 (2�4, 4�3) 0�896
Psychological disability 3�3 (2�6, 4�1) 2�9 (2�2, 3�4) 1�00 2�4 (1�6, 3�2) 2�3 (1�5, 2�7) 1�00
Social disability 1�9 (1�3, 2�5) 1�8 (1�2, 2�2) 1�00 0�8 (0�4, 1�2) 1�3 (0�7, 1�6) 1�00
Handicap 2�9 (2�1, 3�8) 2�2 (1�5, 2�7) 1�00 1�8 (1�2, 2�5) 2�2 (1�5, 2�6) 1�00

*Within-subject comparison using paired t-test at baseline and last post-treatment evaluation.

Table 6. Characteristics and OHIP summary score at baseline of the subjects who did not participate (dropouts) in follow-up/

post-treatment evaluation (n = 44)

No-treatment group

Treatment group

RPD IFPD

Number of subjects 17 16 11

Mean age (s.d.) (years) 64�6 (9�4) 68�6 (8�8) 62�1 (8�3)
Gender (male) 18�0% 25�0% 36�0%
Mean number of missing OUs (s.d.) 4�8 (2�3) 7�8 (2�6) 5�9 (2�0)
Duration of SDA more than 12 month 75�0% 50�0% 27�3%
Chewing complaint (presence) 31�2% 75�0% 30�0%
Educational level (University or college) 40�2% 50�0% 50�0%
RPD experience (presence) 47�1% 56�2% 27�3%
Symmetry (symmetric SDA) 41�2% 31�2% 9�1%
Mean OHIP summary score (95% CI) 33�0 (19�7, 46�3) 50�6 (34�4, 66�8) 36�5(22�1, 51�0)

© 2015 John Wiley & Sons Ltd

P R O S T H E T I C R E S T O R A T I O N AND QUA L I T Y O F L I F E I N S D A P A T I E N T S 705



summary scores from baseline (pre-treatment) to

post-treatment evaluation (ES = 0�39, P = 0�002).
Another consideration could be whether the treat-

ment effect on patient perceptions is more than a

minimally important difference (MID) in terms of

clinical significance. A previous prospective study pro-

posed a 6-point change in OHIP summary score as

being a MID with prosthetic treatment (22). In the

present study, the mean change in the OHIP sum-

mary score from baseline to post-treatment evaluation

(8�2 points) was greater than the proposed MID. The

results suggest that the prosthetic treatment for miss-

ing molars with RPD or IFPD may offer a clinically

significant improvement in OHRQoL in SDA subjects

who sought replacement of their missing molars.

Regression analysis found that the replacement of

one OU was associated with a 1�2-point decrease in the

OHIP summary score, suggesting that the number of

replaced OU was positively associated with the

improvement of OHRQoL. According to the MID

(6-point change in OHIP summary score) with pros-

thetic treatment, replacement of 5 OU would be needed

to be a minimally important restoration which provides

a clinically significant improvement in OHRQoL.

In the NT group, the mean OHIP summary score at

baseline (32�3 points) was similar to follow-up evalua-

tion (31�3 points) (P > 0�05). About two-third of sub-

jects in the no-treatment group had not replaced their

missing molars for more than 12 months, and the

results indicate they seem to be well adapted to the

lack of molars.

The RPD treatment group showed statistically sig-

nificant decreases in the OHIP summary score and in

the subscales related to functional limitation and psy-

chological discomfort after the treatment. The mean

difference in OHIP summary score (8�9 points) for the

RPD treatment group was greater than the MID, and

the effect size (0�40) was moderate. These results sug-

gest that the RPD treatment may offer a clinically sig-

nificant improvement in OHRQoL of SDA patients.

This finding is in agreement with a randomized multi-

centre trial in Germany that showed significant

improvement in the OHIP summary score after the

RPD treatment. In addition, significant improvements

in all OHIP subscales were found in the German study

(10), while improvement in only the functional limi-

tation and physical discomfort subscales was seen in

the present study. The sample size of the German

study (n = 81) was larger than the present study

(n = 53). The difference in statistical power may be

responsible for not finding improvement in all OHIP

subscales in the current study. In addition, it should

be noted that precision attachments were used for the

retainer of RPDs in the German study, while clasp-

retained RPDs were used in our study. The denture

characteristics may influence the prosthetic treatment

effect on OHRQoL.

The IFPD treatment group showed a clinically sig-

nificant improvement in OHIP summary score (6�1
points, ES = 0�33); however, this was not a statisti-

cally significant change due to the small sample size

(P = 0�18, power = 0�27). Power analysis estimated a

minimum number of 75 subjects would be needed to

obtain an adequate statistical power (0�80) to detect a

change of this magnitude. IFPD treatment for missing

posterior teeth may offer improvement in OHRQOL

for SDA patients. However, further study with larger

sample size is necessary to confirm this conclusion.

The IFPD treatment group had a fewer missing occlu-

sal units and reported less initial OHRQoL impairment

than RPD treatment group. This could be a reason

why the mean change in OHIP summary score was

less than that of RPD treatment group.

In this study, 26% of 169 subjects who completed

baseline evaluation did not participate in follow-up/

post-treatment evaluation. Characteristics of the drop-

outs were similar to subjects who participated in fol-

low-up/post-treatment evaluations. The mean OHIP

score at baseline for NT group dropouts was compara-

ble to the no-treatment (evaluated) group. It seems

likely that the dropouts from the study had minimal

impact on the results. On the other hand, the mean

OHIP summary scores for the dropouts in the treat-

ment group were slightly higher, but statistically not

significant, than the subjects that were evaluated in

the treatment group. The dropouts in the treatment

group may have had an influence on the results. The

dropout rate for the TRT group with IFPD (37%) was

higher than the NT group (25%) and the TRT group

with RPD (23%). In general, IFPD treatment requires

longer treatment intervals compared to RPD treat-

ment, which may be a factor in the increased drop-

outs in with an IFPD.

The findings obtained in this study may be helpful

in clinical decision-making for SDA patients. How-

ever, the limitations of this study should be taken into

consideration. As previously discussed, this study did

not allocate treatment/non-treatment groups randomly
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for ethical reasons, which introduces potential con-

founds to results. The sample size for IFPD was very

small, making comparison in OHIP scores between

RPD and IFPD limited. The follow-up period was lim-

ited to 12 months, and the treatment effects on OHR-

QoL may change over extended time. The presence or

absence of denture-wearing experience, the number

of denture-wearing years, denture quality and peri-

odontal disease condition before investigation may

have an influence on the results.

Additionally, a recent multicountry clinical trial on

mandibular 2-implant overdentures found a cultural

influence on treatment effect on OHRQoL (23). It is

not known whether cultural differences between

European and Asian countries would influence pros-

thetic treatment effect on OHRQoL. It might have an

influence of food-related cultural differences on pros-

thetic curative effectiveness in SDA subjects. Finally,

recent studies reported that implant-assisted RPDs

were effective in improving patient satisfaction and

masticatory function (24, 25). It would be interesting

to include this treatment paradigm in future studies

on SDA patients.

Within the limitations of this study, we concluded

that prosthetic restoration for SDAs with RPD or IFPDs

may benefit OHRQoL in patients needing replacement

of missing posterior teeth.
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