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Abstract
Objectives The aim of this multi-center, randomized con-
trolled trial was to assess the impact of missing posterior
support on the risk for temporomandibular disorder (TMD)
pain by comparing patients with either shortened dental
arches (SDA) or molar replacement by removable dental
prostheses (RDP).
Methods A sample of 215 patients with bilateral molar loss in
at least one jaw was consecutively recruited in 14 prosthodon-
tic departments of dental schools in Germany. Of the initial
sample, 152 patients (mean age: 59.7 years; 53.9 % female)

received randomly allocated interventions (SDA: n=71; RDP:
n=81). Presence of TMD pain was assessed using patients’
self-reports and was verified by physical examination and by
pain intensity, as the mean of current pain, worst pain, and
average pain in the last 6 months, with 10-point ordinal rating
scales. Assessments were performed before treatment and at
follow-ups until 60 months after treatment. Impact of inter-
ventions on TMD risk and pain intensity was computed by
applying logistic and linear random-intercept models.
Results Tooth replacement (RDP) did not significantly
change the risk for self-reported (odds ratio [OR]: 1.1;
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confidence interval [CI]: 0.4 to 3.4) or clinically verified (OR:
0.7; CI: 0.1 to 4.3) TMD pain compared to no tooth replace-
ment (SDA). Mean characteristic pain intensity was virtually
identical in both groups (Coeff: 0.01; CI: −0.30 to 0.32).
Conclusion Retaining or preservation of an SDA is not a
major risk factor for TMD pain over the course of 5 years
when compared to molar replacement with RPDs.
Clinical relevance Seemingly, missing molars do not have to
be replaced in order to prevent TMD pain.

Keywords: Shortened dental arch . Removable dental
prosthesis . Temporomandibular disorders . Pain

Introduction

Temporomandibular disorders (TMD), which comprises a
heterogeneous group of conditions affecting the temporoman-
dibular joint (TMJ), the masticatorymuscles, and/or surround-
ing tissues [1], are the second most commonly occurring
musculoskeletal disorder (after chronic low back pain) [2].
With a prevalence of about 10 % and an incidence of about
3 % in the general population, it presents a relevant public-
health problem [3]. Cardinal features of TMD are pain and
dysfunction [4], with pain intensity playing a major role in the
decision of patients to seek care for their complaints [5]. TMD
has a substantial impact in the affected individuals by signif-
icantly impairing their quality of life [6–8]. Current knowl-
edge regarding the etiology of TMD suggests that TMD is of
multifactorial origin, involving structural/anatomic, neuro-
muscular, psychosocial, and genetic factors [9, 10]. Among
them, occlusal variations are still controversially discussed as
potential TMD risk factors [11–15].

In 1934, whenCosten first published a syndrome of several
symptoms comprising pain in the temples and tenderness of
the TMJs that is currently referred to as TMD, he considered a
reduced vertical dimension of occlusion due to loss of poste-
rior teeth as the causative factor [16]. Since then, several
studies have been performed to investigate whether missing
posterior teeth, a situation named shortened dental arch (SDA)
[17], are related to TMD. However, results are contradictory.
While several studies reported an association between SDA
and signs and symptoms of TMD [13, 18–22], others reported
contrary results [23–25]. Among dentists, 50 % consider risk
for development of TMD as an indication for treatment of
unilateral SDA [26]. Although the number of studies that
focus on the relationship between SDA and TMD is large,
high-level evidence is still lacking. Many studies were con-
ducted using either a case-control or a cross-sectional design,
none were prospective or randomized, and hence, drawing
inference regarding cause–effect relationship is difficult.

The identification of missing posterior support due to SDA
as a risk factor for TMD is not only important from

epidemiological aspects for the etiology of TMD, it also has
practical relevance for diagnostics and treatment. SDA has
different treatment options and, therefore, would represent a
modifiable risk factor. Treatments of SDA comprise the re-
placement of missing teeth by removable dental prostheses
(RDP), cantilever or implant-supported fixed dental prosthe-
ses (FDP), or the preservation/restoration of the premolar
occlusion. The randomized shortened dental arch study
(RaSDA) aimed to provide information on a variety of out-
comes for two treatment options in patients with missing
posterior teeth, retaining or preservation of an SDA and re-
placement of missing posterior teeth by RDPs, with tooth loss
as the primary outcome [27, 28]. The aim of this analysis was
to assess the impact of missing posterior support on the risk
for TMD pain.

Methods

Subjects, study design and setting

In this multi-center, randomized controlled trial (RCT), a
sample of 215 patients, meeting the inclusion and exclusion
criteria, was consecutively recruited in 14 prosthodontic de-
partments of dental schools in Germany, between January
2001 and February 2004. For inclusion in the study, patients
had to request prosthodontic treatment and have all molars
missing in one jaw, with at least both canines and one premo-
lar present on each side of the jaw. Patients with acute signs or
symptoms of TMD or a Grade 2 or higher of the Anamnestic
Helkimo Index [29] were excluded. A total of 152 patients
received allocated interventions and were analyzed. Data were
collected before treatment and at follow-ups after treatment
(4–8 weeks, 6 months, 12 months, 24 months, 36 months, 48
months, and 60 months). For more details regarding study
design, inclusion and exclusion criteria, randomized alloca-
tion of interventions, and flow of participants, see Luthardt
et al. [27] and Walter et al. [30].

Sample size calculation was based on the primary
outcome of the study, tooth loss [28]. This resulted in
a required sample size of 70 patients per group. Results
of the primary outcome were published elsewhere [28].
In this paper, the results of the secondary outcome,
TMD pain, are reported.

This research was conducted in accordance with ac-
cepted ethical standards for research practice, undergo-
ing review and approval by the Institutional Review
Board at the TU Dresden, Germany (EK 260399). The study
has been registered at controlled-trials.com under ISRCT
N68590603 (pilot study) and ISRCTN97265367 (main
study). Written informed consent was obtained from all par-
ticipants prior to their enrollment.
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Interventions

Patients were randomly allocated either to the SDA group or
to the RDP group. SDAwas considered the intervention and
RDP the control.

In the SDA group, molars were not replaced [31, 32]. If the
SDA was complete up to the second premolar, no dental
treatment was performed in the posterior region. In cases with
missing second premolars, cantilever FDP were incorporated
to replace the missing tooth.

In the RDP groups, molars were replaced. Tooth replace-
ment was carried out by means of RDPs retained with preci-
sion attachments (Mini SG No. 055 675, CMSA, Biel, Swit-
zerland), connected to either splinted crowns or FDP abut-
ments on the posterior-most teeth on both sides. If the second
premolar was missing, it was replaced by the RDPs as well.

Any missing tooth up to the second premolar was replaced
by conventional tooth-supported FDP in both groups. All
patients received appropriate dental pretreatment, including
oral hygiene instructions, periodontal treatments, and end-
odontic treatment, if necessary, to ensure adequate conditions
prior to the final prosthodontic treatment phase. In cases with
missing teeth in the opposite jaw, teeth were replaced up to the
second premolar in the SDA group, and up to the first molar in
the RDP group, to ensure adequate occlusion and posterior
tooth support. All dental procedures were performed standard-
ized in all participating study centers.

Outcome

This paper focused on the secondary outcome of the study,
TMD pain, assessed using components of a German transla-
tion of the Research Diagnostic Criteria for TMD (RDC/
TMD) [33]. The RDC/TMD is a well-established and inter-
nationally accepted instrument for the assessment of TMD
that applies a dual approach. Axis I involves a standardized
protocol for the assessment of physical symptoms of TMD,
while Axis II assesses psychosocial aspects of TMD, includ-
ing pain intensity and pain-related impairment using the Grad-
ed Chronic Pain Scale (GCPS) [34], depression using the
SCL-90-R Depression and Vegetative Symptom Scale [35],
nonspecific physical symptoms using the SCL-90-R Somati-
zation Scale [35], and limitations related to mandibular func-
tioning using a Jaw Disability Checklist [33]. Population-
based normative data are available for both SCL-90-R scales,
which allow the classification of depression and nonspecific
physical symptoms as “normal,” “moderate” (above 70th
percentile on population norms), and “severe” (above 90th
percentile on population norms), a categorization recommend-
ed by the original English-language RDC/TMD [33].

This study did not focus on TMD diagnoses, but on the
prevalence and intensity of TMD pain, hence the complete
RDC/TMD Axis I was not applied. The major outcome for

this analysis was the patient’s report of pain using the RDC/
TMD pain question: “Have you had pain in the face, jaw,
temple, in front of the ear or in the ear in the past month?” This
anamnestic self-report was verified by clinical signs of pain in
the physical examination consisting of bilateral palpation of
the masticatory muscles (Temporalis and Masseter) and the
lateral pole of the TMJ, and pain in the TMJ during jaw
movements (mouth opening or closing) in both sides, which
were adapted from the examination procedures of the RDC/
TMD Axis I [33]. TMD pain was considered clinically veri-
fied when at least one sign of pain occurred in any of the
examined regions on either side. Additionally, characteristic
pain intensity was assessed using the mean of the pain inten-
sity items of the GCPS (current pain, worst pain, average pain
in the last 6 months). Possible scores of characteristic pain
intensity could range from 0 (no pain) to 10 (pain as bad as
could be). Patients who reported no pain in the above-mentioned
RDC/TMDpain question did not complete the GCPS, hence the
corresponding value for characteristic pain intensity was set to 0.

Data analyses

The analytic approach to investigate if SDA is a risk factor for
TMD pain involved several steps. First, patient histories of
both groups (SDA and RDP) were compared with respect to
socio-demographic characteristics, behavior, and physical
health, to ensure that potential confounders were equally
distributed between both groups. Student’s t-test were applied
for continuous data (age), Wilcoxon rank-sum test
(Mann Whitney U-test) for ordinal data (level of educa-
tion) and chi-squared test for categorical data (e.g.,
gender, martial status, professional activities) to test for statis-
tically significant group differences.

Second, the impact of SDA on risk for TMD pain was
computed by applying multilevel modeling [36]. Logistic
random-intercept models, with intervention group as the pre-
dictor variable, and prevalence of self-reported TMD pain at
each follow-up as the criterion variable, were developed using
the subject as the grouping variable to account for inter-
correlation of the scores within a subject. This analysis was
adjusted for gender, since gender is known to be a major risk
factor for TMD pain [37], by including this variable as covar-
iate in a multivariate model. Furthermore, the prevalence of
oral parafunctions was included as a covariate in the model.
Self-report of clenching or grinding during daytime was con-
sidered as an indicator for awake bruxism, and nocturnal
clenching or grinding as an indicator for sleep bruxism [38].
This was supplemented by analyses using the additional out-
comes, clinically verified TMD pain and characteristic pain
intensity as criterion variables in logistic and linear random-
intercept models, respectively. Multilevel models resulted in
odds ratios (OR) with 95 % confidence intervals (CI) for self-
reported and clinically verified TMD pain, and regression
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coefficients (including CI) for characteristic pain intensity. An
OR of 2 or above was considered clinically relevant.

Finally, analyses were performed for each follow-up period
separately to investigate whether the relationship between
intervention group and TMD pain changed within the 5 years
of follow-up. Logistic regression analyses were applied for
self-reported and clinically verified TMD pain, linear regres-
sion analyses were applied for characteristic pain intensity,
and analyses were controlled for gender, sleep bruxism, and
awake bruxism as covariates. Effect sizes were calculated for
the group comparison of characteristic pain intensity to deter-
mine clinical relevance of differences. According to Cohen
[39], an effect size above 0.2 indicates a small effect, above
0.5 indicates a medium effect, and above 0.8 indicates a large
effect. We considered an effect size of 0.5 as the threshold for
clinical relevance as has been previously defined for self-
reported health measures [40].

A total of 150 of the 152 participants (97 %) had data for
TMD pain for at least one follow-up and were included in the
analyses. Number of participants at follow-ups ranged from
150 (4–8 weeks) to 128 (48 months, Table 2) with a total of 20
participants lost to follow-up after 60 months (SDA: n=10,

RDP: n=10). Reasons for loss to follow-up did not differ
substantially between groups. For details, see Walter et al.
[28]. Participants did not leave the study when the primary
outcome tooth loss occurred (SDA: n=17, RDP: n=22, Cox
regression: P>0.05) [28]. Tooth loss and loss to follow-up
were not considered to be related to the risk of TMD pain, and,
therefore, this information was not included in the analyses.

All analyses were performed as intention-to-treat analyses
using the statistical software package STATA (Stata Statistical
Software: Release 12; StataCorp LP, College Station, TX,
USA), with the probability of a type I error set at the 0.05 level.

Results

Characteristics of participants

At baseline, mean age of the participants was 59.7 years and
about half of the participants were female (53.9 %) with no
significant differences between intervention groups (Table 1).
About two-thirds (70.8 %) were married and lived with their
spouse. Participants in the SDA group were more often

Table 1 Patient information of SDA and RPD groups with significance of group differences

All (n=152) Treatment groups Significance
SDA (n=71) RDP (n=81)
Mean (±SD) or n (%) P value

Socio-demographic characteristics

Demography

Gender [female] 82 (53.9) 41 (57.7) 41 (50.6) 0.379

Age, years a 59.7 (10.6) 59.3 (10.5) 60.1 (10.7) 0.655

Marital status b 0.027

Long-term relationship 7 (4.9) 2 (3.1) 5 (6.3)

Married spouse in household 102 (70.8) 41 (63.1) 61 (77.2)

Married spouse not in household 4 (2.8) 2 (3.1) 2 (2.5)

Widowed 7 (4.9) 4 (6.2) 3 (3.8)

Divorced 14 (9.7) 12 (18.5) 2 (2.5)

Level of education c 0.378

Up to 8 years of school 27 (18.4) 13 (19.1) 14 (17.7)

10–12 years of school 10 (6.8) 3 (4.4) 7 (8.9)

Apprenticeship 61 (41.5) 26 (38.2) 35 (44.3)

College, higher education, university 49 (33.3) 26 (38.2) 23 (29.1)

Professional activities

Job/business d 66 (44.9) 29 (42.6) 37 (46.8) 0.611

Behavior

Drink and tobacco

Daily alcohol consumption e 19 (12.7) 8 (11.6) 11 (13.6) 0.715

Smoking f 37 (24.8) 22 (31.9) 15 (18.8) 0.064

Oral parafunctions

Nocturnal clenching/grinding g 38 (26.4) 19 (28.4) 19 (24.7) 0.617

Clenching/grinding in the daytime h 28 (19.3) 16 (23.9) 12 (15.4) 0.196
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divorced (18.5 % vs. 2.5 %) and less often lived with their
spouse (63.1 % vs. 77.2 %) than those in the RDP group
(Fisher’s exact test: P=0.027). No significant group differ-
ences occurred for level of education, professional activities,
or alcohol and tobacco use.

Oral parafunctions (clenching or grinding) were reported
between 19.3 % (diurnal, awake bruxism) and 26.4 % (noc-
turnal, sleep bruxism). However, morning jaw stiffness was
experienced in only 6.3 % of the participants. Jaw clicking or
popping, as well as grating or grinding noises of the jaw, was

reported by about an eighth (13.6 % and 13.1 %). About a
quarter of the participants (22.5 %) indicated having arthritis
or rheumatism, while only 8.0 % of the participants stated
having osteoporosis. There were no significant group differ-
ences in oral parafunctions or physical health conditions.

Participants’ mandibular functions were only slightly im-
paired at baseline with on average one out of 12 affected
activities and no significant difference between groups. The
amount of both depression and nonspecific physical symp-
toms was classified as “normal” for the majority of the

Table 1 (continued)

All (n=152) Treatment groups Significance
SDA (n=71) RDP (n=81)
Mean (±SD) or n (%) P value

Physical health

General health conditions

Arthritis/Rheumatism i 34 (22.5) 14 (20.0) 20 (24.7) 0.491

Osteoporosis j 12 (8.0) 7 (10.1) 5 (6.2) 0.276

TMJ and jaw muscles

Jaw clicking/popping k 19 (13.6) 6 (9.4) 13 (17.1) 0.183

Grating/grinding noise in jaw l 19 (13.1) 8 (12.1) 11 (13.9) 0.749

Jaw stiffness in the morning m 9 (6.3) 5 (7.6) 4 (5.1) 0.732

Psychosocial health

Mandibular function n

Jaw disability [0–12] 1.0 (2.1) 1.1 (2.1) 1.0 (2.1) 0.618

Depression and vegetative symptoms o 0.519

Normal 96 (66.7) 43 (65.2) 53 (67.9)

Moderate 34 (23.6) 18 (27.3) 16 (20.5)

Severe 14 (9.7) 5 (7.6) 9 (11.5)

Nonspecific physical symptoms p 0.231

Normal 83 (57.6) 34 (51.5) 49 (62.8)

Moderate 27 (18.8) 15 (22.7) 12 (15.4)

Severe 34 (23.6) 17 (25.8) 17 (21.8)

SDA shortened dental arch, RDP removable dental prosthesis
a n=1 patient with missing value for age (n=1 for RDP)
b n=8 patients with missing values for marital status (n=6 for SDA and n=2 for RDP)
c n=5 patients with missing values for level of education (n=3 for SDA and n=2 for RDP)
d n=5 patients with missing values for professional activities (n=3 for SDA and n=2 for RDP)
e n=2 patients with missing values for daily alcohol consumption (n=2 for SDA)
f n=3 patients with missing values for smoking (n=2 for SDA and n=1 for RDP)
g n=8 patients with missing values for nocturnal clenching/grinding (n=4 for SDA and n=4 for RDP)
h n=7 patients with missing values for clenching/grinding in the daytime (n=4 for SDA and n=3 for RDP)
i n=1 patients with missing value for arthritis/rheumatism (n=1 for SDA)
j n=2 patients with missing values for osteoporosis (n=2 for SDA)
k n=12 patients with missing values for jaw clicking/popping (n=7 for SDA and n=5 for RDP)
l n=7 patients with missing values for grating/grinding noise in jaw (n=5 for SDA and n=2 for RDP)
m n=8 patients with missing values for jaw stiffness in the morning (n=5 for SDA and n=3 for RDP)
n n=9 patients with missing values for mandibular function (n=5 for SDA and n=4 for RDP)
o n=8 patients with missing values for depression (n=5 for SDA and n=3 for RDP)
p n=8 patients with missing values for non-specific physical symptoms (n=5 for SDA and n=3 for RDP)
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participants (66.7 % and 57.6 %, respectively). There were no
significant differences between groups with respect to both
psychosocial measures.

Prevalence of TMD pain

Prevalence of self-reported TMD at follow-ups ranged from
11.7 % (48 months) to 18.1 % (24 months, Table 2). More
than a third (36.2 %) of the participants reported having TMD
pain on at least one follow-up. TMD pain was clinically
verified in 3.3 % (48 months) to 5.4 % (36 months) of the
participants, with a prevalence of 12 % of clinically verified
TMD pain at any follow-up. Characteristic pain intensity
ranged from 0 to 10 with means between 0.33 (48 months)
and 0.43 (4–8 weeks). The overall mean pain intensity for the
complete study period was 0.39 (Table 2).

Risk of TMD pain

Tooth replacement (RDP group) did not change the risk for
self-reported TMD pain significantly compared to no tooth
replacement (SDA group). The OR was close to 1 with 0.9 in
the unadjusted and 1.1 in the adjusted analyses, indicating no
effect (Table 3). However, the CI was wide (0.3–2.9 and 0.4–
3.4, respectively). Although tooth replacement (RDP group)
slightly decreased the risk for clinically verified TMD pain
compared to no tooth replacement (SDA group; both OR:
0.7), the effect was not statistically significant in either model.

Mean characteristic pain intensity was virtually identical in
both groups (coefficients: −0.02 and 0.01, respectively).

When analyzing the effect of tooth replacement on TMD
pain at each follow-up separately, only one of the regression
analyses revealed a statistically significant effect (Table 4).
OR for the effect of tooth replacement (RDP group) on self-
reported TMD pain were all around 1, indicating no effect.
While at 6 months after treatment the prevalence of self-
reported TMD pain was higher in the RDP group (20.5 %
vs. 14.9 %), at 36 months, prevalence was higher in the SDA
group (21.3 % vs. 13.9 %). Results were similar for clinically
verified TMD pain (Table 4). Differences in mean character-
istic pain intensity between SDA and RDP group were close
to 0, expect for the 6- and 60-month follow-up with small
effect sizes. While pain intensity at 6 months was higher in the
RDP group (0.48 vs. 0.21), results were contrary at 60 months
with higher values in the SDA group (0.62 vs. 0.21), with a
statistically significant difference in the adjusted analysis.
However, the absolute value of the difference was still
low. All three analyzed outcomes indicated no effect by
the time between treatment and follow-up on risk for
TMD pain.

Discussion

This RCT assessed the impact of missing posterior support on
the risk for TMD by comparing patients with either SDA or

Table 2 Number of subjects, prevalence of self-reported and clinically verified TMD pain and characteristic pain intensity for each follow-up

Subjects TMD pain

Follow up All SDA RDP Self-reported Clinically verified Characteristic intensity

n n (%) % Mean (±SD) [range]

4–8 weeks a 150 71 (47.3) 79 (52.7) 15.0 4.7 0.43 (1.44) [0.0–9.0]

6 months b 143 69 (48.3) 74 (51.7) 17.9 4.3 0.35 (1.13) [0.0–6.0]

12 months c 140 67 (47.9) 73 (52.1) 15.9 4.3 0.39 (1.28) [0.0–10.0]

24 months d 138 62 (44.9) 76 (55.1) 18.1 4.4 0.39 (1.31) [0.0–8.3]

36 months e 135 63 (46.7) 72 (53.3) 17.3 5.4 0.35 (1.18) [0.0–8.3]

48 months f 128 59 (46.1) 69 (53.9) 11.7 3.3 0.33 (1.26) [0.0–8.0]

60 months g 132 61 (46.2) 71 (53.8) 15.2 3.8 0.40 (1.41) [0.0–9.0]

Anytime h 150 71 (47.3) 79 (52.7) 36.2 12.0 0.39 (0.96) [0.0–5.4]

SDA shortened dental arch, RDP removable dental prosthesis
a n=8 patients with missing values for 4–8 weeks (n=4 for SDA and n=4 for RDP)
b n=10 patients with missing values for 6 months (n=7 for SDA and n=3 for RDP)
c n=6 patients with missing values for 12 months (n=3 for SDA and n=3 for RDP)
d n=7 patients with missing values for 24 months (n=3 for SDA and n=4 for RDP)
e n=10 patients with missing values for 36 months (n=4 for SDA and n=6 for RDP)
f n=8 patients with missing values for 48 months (n=2 for SDA and n=6 for RDP)
g n=4 patients with missing values for 60 months (n=2 for SDA and n=2 for RDP)
h n=1 patient with missing value for anytime (n=1 for RDP)
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molar replacement by RDP. The study’s findings provide no
evidence that replacement of missing posterior teeth with
RDPs decreases the risk for TMD pain in patients with SDA.

SDA and TMD pain

Only one of the analyses revealed a statistically significant
difference in risk for TMD pain between the intervention and
the control group. Furthermore, the OR for the analyses,
including the data of all follow-ups, were close to 1, indicating
no effect, and not reaching the threshold for clinical relevance.
The effect on characteristic pain intensity was virtually zero
with only one statistically significant difference between both
groups of a small extent. However, CIs were wide, and thus,
prevented from the definite exclusion of an effect of the
intervention on the study outcome compared to the control.
Even though equality of the intervention and the control could
not be clearly proven, a difference in the impact on TMD pain
is quite unlikely. This is supported by the separate analyses for
each follow-up. We found a consistent pattern in all three
outcome measures, neither favoring the SDA or the RDP
group. Therefore, the retention or preservation of an SDA is
most likely not a significant risk factor for TMD pain.

The comparison of the study’s findings with the literature
reveals contradictory results. Some studies found no

association between SDA and TMD [23–25], but others re-
ported an association [13, 18–22]. However, none of the
studies was randomized or even prospective. Studies that
found an association were case-control [13, 18, 22] or cross-
sectional studies [19–21], and, therefore, could not provide
evidence regarding cause–effect relationship. Other methodo-
logical differences might also explain differences in study
findings. While the case-control and cross-sectional studies
compared the number of existing posterior teeth and, there-
fore, if the loss of posterior teeth is associated with TMD, this
is not possible in an RCT. Tooth loss cannot be randomly
assigned to the patients by ethical reasons. We assessed
whether replacement or non-replacement of the missing pos-
terior teeth affects the risk for TMD pain. From a clinical point
of view, the effect of tooth replacement is much more relevant
than the effect of tooth loss. Teeth will be removed mainly
based on their survival probability, initiated by complaints of
the patients. The decisions for extractions will mainly be
driven because of periodontal or carious destructions of the
teeth, and, therefore, a possible prevention of TMD by keep-
ing the molars plays certainly only a negligible role. However,
when it comes to the decision whether or not the tooth should
be replaced, the issue of prevention of TMD becomes partic-
ularly important [26]. Based on our study design, the
findings regarding the risk of TMD pain can be generalized
to patients with already existing SDA, but not to the new
occurrence of SDA.

Methodological aspects of the study

The study has some strengths and limitations. At the time of
study initiation, the validated German version of the RDC/
TMD [41] was not available yet. Therefore, a German trans-
lation of the original English version [33] had to be prepared,
applying a forward–back approach involving both German
and English native speakers. The original and the retranslated
English versions were compared, and the German version was
adapted until both English versions were congruent. There-
fore, the accuracy of the translation process had been con-
firmed. Even though validity and reliability of the translated
version have not been assessed, this seems not to be a major
drawback. The translated version was not substantially differ-
ent from the later published validated version, supporting the
use of the initial translation in this study.

The major outcome for this analysis was TMD pain. Pain-
free signs or symptoms of TMD such as joint noises were not
considered as important outcomes. They result in low impair-
ments in everyday life and are in general considered as con-
ditions without treatment need. Pain intensity plays a major
role for quality of life impairment [8] and the decision of
patients to seek care for their complaints [5]; pain-associated
TMD diagnoses (e.g., myofascial pain) have the highest im-
pact on quality of life whereas patients with disc displacement

Table 3 Logistic and linear multilevel models characterizing the effect of
the intervention status on self-reported TMD pain, clinically verified
TMD pain, and characteristic pain intensity, in unadjusted and gender-
adjusted analyses

Model Variable OR or Coeff. 95 % CI P value

Self-reported TMD pain

# 1 Intervention group a 0.9 (0.3 to 2.8) 0.873

# 2 Intervention group a 1.1 (0.4 to 3.4) 0.851

Gender b 4.3 (1.3 to 13.9) 0.015

Sleep bruxism 0.9 (0.2 to 3.7) 0.906

Awake bruxism 7.8 (1.8 to 33.9) 0.006

Clinically verified TMD pain

# 3 Intervention group a 0.7 (0.1 to 3.4) 0.649

# 4 Intervention group a 0.7 (0.1 to 4.3) 0.727

Gender b 16.9 (1.9 to 153.5) 0.012

Sleep bruxism 0.4 (0.0 to 3.8) 0.397

Awake bruxism 9.8 (0.9 to 107.2) 0.061

Characteristic pain intensity

# 5 Intervention group a −0.02 (−0.33 to 0.28) 0.877

# 6 Intervention group a 0.01 (−0.30 to 0.32) 0.931

Gender b 0.38 (0.07 to 0.70) 0.016

Sleep bruxism −0.003 (−0.39 to 0.38) 0.986

Awake bruxism 0.39 (−0.04 to 0.81) 0.074

a Coded as SDA=0 and RDP=1
bCoded as male=0 and female=1
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only showed lowest impairment [7]. TMDpainwas defined as
a secondary outcome in the main study, as well as oral health-
related quality of life with results reported elsewhere [42].
These measures were selected to assess patients’ perceptions
of treatment results and, therefore, represent patient-reported
outcomes. Accordingly, TMD pain was assessed through the
patients’ self-reports, using a single question contained in the
RDC/TMD [33]. A single question regarding orofacial pain
has already been used as an effective diagnostic test for pain-
associated TMD diagnoses with a sensitivity of 96 % and a
specificity of 95 % [43]. This was complemented by not only
including the presence of TMD pain in our analyses, but also
including the responses from the pain intensity items of the
GCPS [34]. Patients’ self-reports were verified by evidence of
pain symptoms in the masticatory muscles or the TMJ in the

clinical examination. As expected, prevalence of clinically
verified TMD pain was lower than that of self-reported pain.
The data of the TMD examination did not allow for
allocation of TMD diagnoses according to the RDC
since the examination protocol had to be somewhat
shortened to ensure feasibility of the study (e.g., no
distinction between the three parts of the temporal mus-
cle and no intraoral palpations). Therefore, clinically
verified TMD pain does not represent the presence of
a pain-associated TMD diagnosis according to the RDC/
TMD [33], limiting the comparability to findings of
other studies. However, this is not considered a major
drawback since this study did not focus on TMD diag-
noses, but on the patients’ perceptions of TMD pain,
which were appropriately ascertained.

Table 4 Prevalence of self-reported and of clinically verified TMD pain
and mean characteristic pain intensity in SDA and RDP groups; results of
logistic and linear regression analyses with effects sizes for differences in

pain intensity characterizing the effect of the intervention on TMD pain at
follow-ups; confidence intervals (CI) including 1 for odds ratios (OR) and
0 for coefficients indicate a non-significant effect

TMD pain Regression analyses

Follow-up SDA RDP Unadjusted Adjusteda Effect size

% (CI) or mean (CI) OR (CI) or Coeff. (CI) Cohen’s d

Self-reported

4–8 weeks 15.7 (8.8 to 26.5) 14.3 (8.0 to 24.3) 0.9 (0.4 to 2.2) 0.9 (0.3 to 2.4) –

6 months 14.9 (8.1 to 25.9) 20.5 (12.6 to 31.6) 1.5 (0.6 to 3.6) 1.5 (0.6 to 3.7) –

12 months 15.2 (8.2 to 26.3) 16.7 (9.6 to 27.4) 1.1 (0.4 to 2.8) 1.3 (0.5 to 3.4) –

24 months 17.7 (9.9 to 29.7) 18.4 (11.1 to 29.0) 1.0 (0.4 to 2.5) 1.1 (0.4 to 2.7) –

36 months 21.3 (12.6 to 33.7) 13.9 (7.5 to 24.2) 0.6 (0.2 to 1.5) 0.5 (0.2 to 1.4) –

48 months 10.2 (4.5 to 21.3) 13.0 (6.8 to 23.5) 1.3 (0.4 to 4.0) 1.3 (0.4 to 4.0) –

60 months 18.0 (10.1 to 30.1) 12.7 (6.6 to 22.9) 0.7 (0.3 to 1.7) 0.6 (0.2 to 1.8) –

Anytime 36.6 (26.0 to 48.7) 35.9 (25.9 to 47.3) 1.0 (0.5 to 1.9) 1.0 (0.5 to 2.0) –

Clinically verified

4–8 weeks 5.7 (2.1 to 14.6) 3.8 (1.2 to 11.5) 0.7 (0.1 to 3.1) 0.3 (0.0 to 2.1) –

6 months 1.5 (0.2 to 10.3) 6.8 (2.8 to 15.7) 4.9 (0.6 to 42.7) 4.2 (0.4 to 40.4) –

12 months 3.0 (0.7 to 11.7) 5.6 (2.1 to 14.2) 1.9 (0.3 to 10.6) 3.4 (0.3 to 34.9) –

24 months 6.5 (2.4 to 16.4) 2.7 (0.6 to 10.3) 0.4 (0.1 to 2.2) 0.3 (0.0 to 3.0) –

36 months 6.5 (2.4 to 16.4) 4.4 (1.4 to 13.1) 0.7 (0.1 to 3.1) 0.6 (0.1 to 3.3) –

48 months 3.4 (0.8 to 13.3) 3.1 (0.7 to 11.9) 0.9 (0.1 to 6.5) 1.0 (0.1 to 7.7) –

60 months 5.0 (1.6 to 14.8) 2.9 (0.7 to 11.1) 0.6 (0.1 to 3.5) 0.6 (0.1 to 3.6) –

Anytime 14.1 (7.6 to 24.5) 10.1 (5.1 to 19.2) 0.7 (0.3 to 1.9) 0.6 (0.2 to 1.8) –

Characteristic intensity

4–8 weeks 0.39 (0.05 to 0.74) 0.46 (0.13 to 0.79) 0.07 (−0.41 to 0.54) −0.08 (−0.53 to 0.37) 0.05

6 months 0.21 (0.03 to 0.40) 0.48 (0.15 to 0.80) 0.26 (−0.12 to 0.65) 0.27 (−0.10 to 0.64) 0.23

12 months 0.41 (0.04 to 0.78) 0.37 (0.12 to 0.61) −0.04 (−0.48 to 0.39) −0.01 (−0.42 to 0.40) 0.03

24 months 0.32 (0.01 to 0.63) 0.44 (0.11 to 0.76) 0.11 (−0.34 to 0.57) 0.09 (−0.39 to 0.56) 0.09

36 months 0.39 (0.06 to 0.73) 0.32 (0.06 to 0.58) −0.08 (−0.49 to 0.34) −0.08 (−0.51 to 0.35) 0.06

48 months 0.30 (0.00 to 0.63) 0.35 (0.04 to 0.66) 0.05 (−0.39 to 0.50) 0.08 (−0.39 to 0.54) 0.04

60 months 0.62 (0.15 to 1.09) 0.21 (0.00 to 0.43) −0.41 (−0.90 to 0.08) −0.48 (−0.94 to −0.02) 0.29

Anytime 0.42 (0.17 to 0.67) 0.37 (0.18 to 0.57) −0.04 (−0.36 to 0.27) −0.03 (−0.33 to 0.27) 0.04

SDA shortened dental arch, RDP removable dental prosthesis
a Adjusted for gender, sleep bruxism, and awake bruxism
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Several factors that were not included in the presented
analyses can potentially affect pain perception such as medi-
cation intake or anxiety. Since the presence of psychiatric
disorders was an exclusion criterion [27], the proportion of
patients taking psychotropic drugs should have been negligi-
ble. Even though painmedication probably decreases the level
of pain, we are convinced that the patients would still perceive
some pain (of lower intensity) and would consequently report
the pain in the clinical examination. Accordingly, only char-
acteristic pain intensity would be affected, but the effect on
anamnestic or clinically verified pain was expected to be low,
not having an impact on the study findings. Anxiety is known
to be strongly related to depression [44]. Given the finding of
almost identical levels of depression and vegetative symptoms
at baseline in both study groups, substantial differences in the
levels of anxiety are not very likely. Furthermore, pain
prevalence was low in both groups and pain intensity
was almost negligible in our study, making substantial impact
of different anxiety levels or medication intake on study
findings unexpected.

Patients were consecutively recruited in 14 prosthodontic
departments of dental schools in Germany. Although these
departments represent centers of primary, secondary, and ter-
tiary prosthodontic care, most participants were either long-
term patients or sought initial treatment for their situation in
these departments. Study participants can therefore be consid-
ered a representative sample of typical prosthodontic patients
with SDA. Most of the participants required appropriate den-
tal pre-treatment prior to the final prosthodontic treatment to
ensure absence of caries and adequate periodontal conditions
[27]. Nevertheless, the necessary strict inclusion and exclu-
sion criteria of an RCT limit the generalizability of our study
results. Due to the recruitment in several centers across Ger-
many, the impact of regional differences regarding possible
socio-economic or psychosocial confounders on study out-
comes could be delimited. However, only 152 patients of the
initial sample of 215 patients received the allocated treatment
and were included in the study. A total of 63 were excluded
after randomization, mostly due to refusal of the randomiza-
tion result and preference of an alternative restoration (n=24),
or high costs and non-approval by health insurance (n=10)
[30]. The number of participants who withdrew for particular
reasons before treatment was comparable between both
groups, and should not have influenced the study’s findings.

Sample size calculation was based on the primary outcome
of the study, tooth loss [28], and not TMD pain. This may
have resulted in insufficient statistical power of the presented
analysis to detect meaningful effects of the interventions on
TMD pain. However, even though more participants would
have increased statistical power and probably increased pre-
cision of the estimates by decreasing the width of the CI, we
observed no clinically relevant effect and the pattern of the
observed differences between both groups supported the

conclusion of a lack of significant effect. Therefore, we do
not think that low statistical power would be an important
limitation of our study or would affect our study findings.

Teeth were replaced in the control group by RDP; no
implants were provided. However, the rigid connection of
the RDP to the teeth due to precious attachments and the
regular maintenance (e.g., relining) of the RDP should have
ensured sufficient posterior support in the RDP group during
the complete course of the study [45]. While the impact of
RDP on quality of life is lower than in cases with replacement
by implant-supported FDP or preservation of SDA [46], the
impact of implant-supported FDP compared to RDP on TMD
signs and symptoms is less clear. Therefore, the study’s find-
ings cannot be generalized to the replacement of missing
molars with implant-supported FDP.

Clinical implications

The study’s findings do not necessarily imply that missing
molars should not be replaced, they just deny the belief that
risk for development of TMD is an indication for treatment of
SDA, which is quite common among dentists [26]. Other
reasons for tooth replacement might be present in the individ-
ual case, e.g., risk of supraeruption of antagonist unopposed
teeth [47] or impaired quality of life [48]. In patients with
SDA, chewing complaints are a significant predictor of pros-
thodontic treatment for replacing missing teeth [49, 50]. How-
ever, when in patients with SDA quality of life is not impaired
and risk or impact of tooth supraeruption is negligible, seem-
ingly, missing molars do not have to be replaced.

Conclusion

With the limitations of this study it can be concluded that
retention or preservation of SDA is not a major risk factor for
TMD pain over the course of 5 years when compared to molar
replacement with RPDs.
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