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Statement of problem. Controversy exists as to whether missing second molars should be replaced to restore masticatory
ability.

Purpose. The purpose of this study was to analyze the alteration in masticatory ability associated with the implant restoration
of the second molar; the subjective effect of implant treatment on the participant was also assessed.

Material and methods. Twenty-one individuals (13 men and 8 women) participated. Masticatory ability was recorded before
the cementation of implant-supported single crowns, immediately after cementation, and 1 month after cementation. The
occlusal load (Pa), the load-bearing contact area (mm2), and the maximum occlusal force (N) were calculated. A subjective
evaluation of masticatory ability was conducted before treatment and 1 month after treatment through the use of a
questionnaire to evaluate chewing difficulties and global satisfaction with treatment. The Wilcoxon signed rank test was used
to analyze the difference in scores.

Results. The load-bearing contact area, maximum occlusal force, and participant satisfaction were found to increase
significantly 1 month after the cementation of implant-supported single crowns. The restoration of the second molar
with an implant increased both objective masticatory ability and subjective satisfaction 1 month after cementation of the
implant-supported single crowns.

Conclusions. Patients presenting with a missing second molar may benefit from replacement with implant-supported crowns.
Longer study periods and larger sample populations are needed to obtain more definitive results. (J Prosthet Dent 2014;111:
286-292)
Clinical Implications

Implant-supported restorations can be considered as an appropriate
option for patients with missing second molars and will improve
masticatory ability and patient satisfaction.
Many studies have found that the
prevalence of tooth loss increases with
age1-4 and that molars are lost more
frequently than other teeth. In partic-
ular, the second molar is one of the
most frequently lost teeth. A partial
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Dentis
fixed dental prosthesis is not the ideal
treatment for missing second molars,
as cantilevered restorations have been
found to produce unfavorable biome-
chanics5; additionally, a partial re-
movable dental prosthesis may prove
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try
uncomfortable to the patient in terms
of both function and wear.6 Conse-
quently, the use of implant-supported
single crowns (ISSCs) for second
molar replacement seems to be a pref-
erable treatment. The procedure for
October 2011.
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Table I. Age and sex distribution of participants

Sex

Age (y)

Total30 to 39 40 to 49 50 to 59 60 to 69 70 to 79

Male 1 6 5 0 1 13

Female 0 2 2 1 3 8

Total 1 8 7 1 4 21

Table II. Distribution of implant site

Implant Site
Maxillary
Right

Maxillary
Left

Mandibular
Left

Mandibular
Right Total

No. of participants 4 4 8 5 21
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replacing individual missing teeth with
dental implants has high success rates
and does not require preparation of the
adjacent natural dentition.7 However,
most studies8 of ISSCs have concen-
trated on implant survival rates and
biologic and technical complications,
and information about the effects of
treatment with ISSCs on oral function
and daily life is limited. The few studies9

that have focused on oral function
discuss either occlusal force or mastica-
tory performance. They determined that
masticatory functional improvement
might be expected on a subjective level.

Based on implant survival rate, the
placement of single-tooth implants in
the second molar region was found to
be an effective and reliable treatment.10

However, controversy exists as to
whether missing second molars should
be replaced. Patients with missing sec-
ond molars are sometimes not treated
with implants because of anatomic
positional limits, such as the maxillary
sinus11 and the inferior alveolar nerve.12

Financial issues and questionable mas-
ticatory function may also restrict
treatment with ISSCs.13

The concept of shortened dental
arches (SDA) was introduced because
of the tendency to limit the use of ISSCs
in the second molar region. The SDA
concept allows for sufficient adaptive
capacity in individuals in whom at least
4 occlusal units are left: a pair of
occluding premolars corresponds to 1
unit; a pair of occluding molars corre-
sponds to 2 units.14 The SDA model
has gained acceptance and has a role
in contemporary clinical practice.15-18

However, it has been criticized be-
cause loss of molars is associated with
reduced masticatory performance and
insufficient masticatory ability.19-21

Edentulous patients treated with
prostheses supported by dental im-
plants were found to have better
masticatory function, satisfaction, and
quality of life than patients treated
with a mandibular complete removable
dental prosthesis.22-24 Self-reported
masticatory ability depended on the
number of remaining teeth.25,26 In
addition, the masticatory performance
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and efficiency, the maximum molar
occlusal force, and the maximum ac-
tivity in jaw elevator muscles have pos-
itive associations with the occlusal
contacts, the occlusal area of natural
teeth, and the number of posterior
teeth.27-30 A previous study31 found a
significant linear relationship between
the number of missing occlusal units
and adverse effects on oral-health-
related quality of life.

Evidence suggests that the occlusal
unit change caused by the implant
restoration of second molars may cause
changes in masticatory ability; however,
to date, the authors have identified no
published investigations of such effects.
The purpose of this study was to
analyze the effects of second molar
implant restorations on masticatory
ability. In addition, the study investi-
gated the subjective effects of the
implant treatment. The null hypothesis
of this study was that no correlation
would be found between second molar
implant restorations and masticatory
ability.

MATERIAL AND METHODS

Participant selection

All procedures were performed after
obtaining written consent from the
participant. The Institutional Review
Board (IRB) at Gangnam Severance
Hospital, Yonsei University, Seoul, South
Korea, approved the study protocol.
Patients who required implant therapy
formissing secondmolars were recruited
at the Department of Periodontology,
Gangnam Severance Dental Hospital,
betweenMarch 2010 and October 2010
and were selected as participants for this
study. All participants were in good
general health; none had cardiovascular
disease or diabetes. Patients were
excluded from the study if they lacked
opposing teeth, had treatment plans for
numerous implant restorations, or pre-
sented with temporomandibular disor-
ders, bruxism, or a clenching habit, as
any of these conditions precluded inde-
pendent evaluation of the masticatory
ability of the second molar. The surgical
and prosthetic procedures were thor-
oughly explained to each participant. A
total of 21 individuals (13 men and 8
women) participated, with a mean age
of 51 years and an age range of 36 to
74 years (Table I). The number of par-
ticipants was determined through its
own pilot study. Four right maxillary
second molar implants, 4 left maxillary
second molar implants, 8 left mandib-
ular second molar implants, and 5 right
mandibular secondmolar implants were
performed (Table II).

Treatment protocol and study
design

Masticatory ability was recorded
before ISSC cementation, immediately



Table III. Questionnaire on daily life

1. Have you had difficulty chewing food in general because of problems with
your teeth?
Never experienced (0)
Hardly ever (1)
Occasionally (2)
Fairly often (3)
Very often (4)

2. Have you had difficulty chewing different types of foods (hard, tough) because of
problems with your teeth?
Never experienced (0)
Hardly ever (1)
Occasionally (2)
Fairly often (3)
Very often (4)

3. Have you had difficulty finishing meals owing to dental problems?
Never experienced (0)
Hardly ever (1)
Occasionally (2)
Fairly often (3)
Very often (4)

4. Choose 1 of 5 possibilities for your masticatory function.
Normal (0)
Able to eat anything but it takes a long time (1)
Able to eat a soft diet only (2)
Difficulty eating even a soft diet and it takes a long time (3)
Only liquid diet (4)

5. Evaluate global satisfaction of treatment with scores from 0 (very satisfied) to
5 (very dissatisfied).

1 Pressure-sensitive foil (Dental Prescale
Film 50H, type R; GC, Fuji Film). Occlusal
load was measured with this foil.
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after cementation, and 1 month after
cementation to allow for adaptation
(the specific protocol is described later).
The Journal of Prosthetic Dentis
A subjective evaluation of masticatory
ability was performed before cementa-
tion and 1 month after cementation
try
by using the questionnaire (Table III).
All implant surgeries were performed by
using a 2-stage method after permitting
sufficient healing time. The second sur-
gery was performed 6 months later for
maxillary implants and 3 months later
for mandibular implants. The cement-
retained implant-supported crown was
inserted 3 weeks after the second sur-
gery. All prostheses were made and
inserted considering criteria such as
light infraocclusion, narrow occlusal
table, axial loading, and minimal con-
tact. The same investigator performed
the examination and all procedures on
the participants.

Measurement of maximum occlusal
force and occlusal contact area

Occlusal load was measured by us-
ing a pressure-sensitive foil (Dental
Prescale Film 50H, type R; GC, Fuji
Film) (Fig. 1) mounted in a holder
during maximum occlusal force in the
intercuspal position for 2 seconds.
Measurements were performed 3 times,
30 seconds apart. The participant was
asked to close the jaw slowly to ensure
exact location and to prevent slippage
of the foil. During the whole process,
the participant’s Frankfurt plane was
maintained parallel to the floor. The
horseshoe-shaped foil consisted of a
layer of microcapsules of various sizes
containing a colorless dye and a devel-
oper layer. When force was applied and
the capsules burst, a chemical reaction
caused the involved area to turn red.
The thinnest capsules with the largest
diameter burst at a pressure greater
than 5 MPa, and with increasing
pressure, the thicker capsules with
smaller diameter also burst.32 After
the recorded foils were digitized
(Occluzer FPD-707; Fuji Film) (Fig. 2),
the occlusal load (Pa), the load-bearing
contact area (mm2), and the maximum
occlusal force (N) were calculated for
each participant.

Questionnaire

The influence of the oral health sit-
uation on daily life in the last month
Nam et al



2 Occluzer FPD-707 (Fuji Film). After recorded foils
were digitized, occlusal load (Pa), load-bearing
contact area (mm2), and maximum occlusal force
(N) for each participant were calculated.

Table IV. Normality test (D’Agostino-Pearson test)

Variable
Before

Cementation
Just After

Cementation
1 Month After
Cementation

Occlusal load (Pa) .68 .62 .11

Load-bearing contact area (mm2) .07 <.001 .02

Maximum occlusal force (N) .01 <.001 .16

Questionnaire score .40 Not applicable .29

Table V. Occlusal load alteration

Time Point Occlusal Load (Pa)* P
Post hoc
Analysis

Before cementation 30.1 �4.7
30.2 (27.0-32.4)

.005

.0019

.3927Immediately after cementation 33.0 �6.4
33.0 (29.6-35.0)

.4445
1 month after cementation 31.5 �6.3

30.2 (27.6-33.3)

P<.05 denotes a statistically significant difference.
*Values presented as mean �standard deviation or median (95% CI).
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before and in the first month after
cementation of the ISSCs was expressed
as the total sum of the scores of the 3
Oral Health Impact Profile33 questions
concerning masticatory ability. These
3 items (questions 1, 28, and 32)
Nam et al
evaluate masticatory difficulties in gen-
eral, mastication of different types of
food, and difficulties in finishing meals
because of dental problems. To further
evaluate chewing ability, a mastication
index with regard to the participant’s
diet was used; this was modified in
accordance with the method of Yoshida
et al.34 Finally, the participants evalu-
ated global satisfaction with treatment
by giving scores from 0 (very satisfied)
to 5 (very dissatisfied). The specific
questions are presented in Table III.

Statistical analysis

The D’Agostino-Pearson test was
used to test the normality of the dis-
tribution. The Friedman test was used
to analyze the difference in occlusal
load (Pa), load-bearing contact area
(mm2), and maximum occlusal force
(N) among the 3 tests administered
before ISSC cementation, just after
ISSC cementation, and 1 month after
ISSC cementation. Post hoc analysis of
results was performed by using the
paired Wilcoxon test with correction for
multiplicity. The Wilcoxon signed rank
test was used to analyze the difference
in scores between the surveys conduct-
ed before ISSC cementation and 1
month after ISSC cementation. Statis-
tical software (MedCalc for Windows,
version 11.2.1.0; MedCalc Software)
was used to process the data (a¼.05).

RESULTS

The outcome variables exhibited
non-normal distribution except for
occlusal load and questionnaire score
(Table IV). The mean occlusal load was
30.1 �4.7 Pa (mean [mean � standard
deviation]) before cementation; it
increased to 33.0 �6.4 Pa just after
cementation; and it decreased to 31.5
�6.3 Pa at 1 month after cementation
(P¼.005) (Table V). The difference be-
tween occlusal load before and just
after cementation was statistically sig-
nificant (P¼.002). The final value for
occlusal load was statistically similar to
the initial value.

Before cementation, the load-bearing
contact area was 13.3 �8.3 mm2. The
value declined to 11.0 �8.5 mm2 just
after cementation and increased to 15.5
�6.8 mm2 at 1 month after cementation
(P¼.002) (Table VI). The difference
between load-bearing contact area



Table VI. Load-bearing contact area

Time Point
Load-Bearing Contact

Area (mm2)* P
Post hoc
Analysis

Before cementation 13.3 �8.3
12.1 (8.8-17.3)

.002

.1327

.1054Just after cementation 11.0 �8.5
9.9 (5.3-14.9)

.0023
1 month after cementation 15.5 �6.8

14.5 (12.2-17.6)

P<.05 denotes statistically significant difference.
*Values presented as mean �standard deviation or median (95% CI).

Table VII. Maximum occlusal force

Time Point
Maximum Occlusal

Force (N)* P
Post hoc
Analysis

Before cementation 405.0 �259.6
367.0 (301.2-467.0)

.005

.2443

.1536

.0037

Just after cementation 361.0 �284.2
351.8 (171.5-398.8)

1 month after cementation 411.8 �200.3
425.0 (333.1-540.9)

P<.05 denotes statistically significant difference.
*Values presented as mean �standard deviation or median (95% CI).

Table VIII. Questionnaire score

Variable Before Cementation*
1 Month After
Cementation* P

Questionnaire score 5.8 �2.8
6.0 (3.3-8.0)

2.9 �2.5
2.0 (1.0-5.0)

.002

P<.05 denotes statistically significant difference.
*Values presented as mean �standard deviation or median (95% CI).
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immediately after cementation and 1
month after cementation was statistically
significant (P¼.002). The final value
measured for this parameter was higher
than the first value measured. Maximum
occlusal force was found to be 405.0
�259.6 N before cementation. This
value decreased to 361.0 �84.2 N
just after cementation and increased to
411.8 �200.3 N at 1 month after
cementation (P¼.005) (Table VII). The
difference between maximum occlusal
force immediately after cementation and
1 month after cementation was found to
be statistically significant (P¼.004).

The mean questionnaire score
decreased from 5.8 �2.8 (before
cementation) to 2.9 �2.5 at 1 month
The Journal of Prosthetic Dentis
after cementation (P¼.002) (Table VIII).
Detailed analysis indicated that the
number of negative answers decreased
and the number of positive answers
increased after final placement of the
ISSC. Table IX presents changes in ques-
tionnaire scores frombefore cementation
to afterward.

DISCUSSION

The results of the present study sug-
gest that masticatory ability is influenced
by second molar implant restoration.
Therefore, the null hypothesis was
rejected.

As occlusal units increase in number,
the load-bearing area and masticatory
try
force also increase. The association be-
tween maximum occlusal force and the
amount of occlusal contact is closest in
the posterior region; as a consequence,
loss of molar support results in reduc-
tion of force.29 In this study, the number
of occlusal units increased with the
placement and cementation of ISSCs.
One month after cementation, the load-
bearing contact area and the maximum
occlusal force were increased compared
with before the procedure. This result
agreed with previous studies27-30 that
found that the maximum molar occlusal
force had a positive relationship with the
occlusal contacts, the occlusal area
of natural teeth, and the number of
posterior teeth.

Changes in occlusion owing to ISSC
placement could present at first as an
occlusal interference. Artificial inter-
ferences added to the crown of a molar
tooth have been found experimentally to
alter masticatory muscle activity and
jaw movements.35-39 Malocclusion can
cause the impairment of masticatory
performance and efficiency.40,41 Signifi-
cant recoveries were found to occur
during the course of repetitive mastica-
tory cycles performed under the altered
occlusal condition.42 Similarly, partici-
pants in this study did not adapt
immediately to occlusal variation, as the
cementation of the ISSCs caused a
decline in masticatory ability immedi-
ately after placement. At this point in
treatment, the load-bearing contact area
and maximum occlusal force decreased.
Occlusal load as a function of occlusal
force per unit area increased because
there was a greater decrease of load-
bearing contact area as compared with
the decrease in maximum occlusal force.
After 1 month of adaptation, the load-
bearing contact area and maximum
occlusal force increased to a slightly
higher level than that before ISSC
cementation, whereas occlusal load
decreased to a level similar to that
measured before the procedure.

The replacement of missing teeth
with ISSCs was associated with an im-
proved oral-health-related quality of life
score 1 month after crown cementation.
The questionnaire score decrease was
Nam et al



Table IX. Questionnaire score alterations

1. Have you had difficulty chewing food in general because of problems
with your teeth?

Before Cementation 1 Month After Cementation

Never experienced (0) 4 12

Hardly ever (1) 8 7

Occasionally (2) 5 2

Fairly often (3) 3 0

Very often (4) 0 0

2. Have you had difficulty chewing in different types of foods (hard, tough)
because of problems with your teeth?

Before Cementation 1 Month After Cementation

Never experienced (0) 2 7

Hardly ever (1) 6 7

Occasionally (2) 8 6

Fairly often (3) 5 1

Very often (4) 0 0

3. Have you had difficulty finishing meals owing to dental problems?

Before Cementation 1 Month After Cementation

Never experienced (0) 13 18

Hardly ever (1) 8 3

Occasionally (2) 0 0

Fairly often (3) 0 0

Very often (4) 0 0

4. Choose 1 of 5 possibilities for your masticatory function.

Before Cementation 1 Month After Cementation

Normal (0) 10 15

Able to eat anything but
it takes a long time (1)

9 6

Able to eat a soft diet only (2) 2 0

Difficulty eating even a soft
diet and it takes a long time (3)

0 0

Only liquid diet (4) 0 0

5. Evaluate global satisfaction of treatment with scores from 0 (very satisfied)
to 5 (very dissatisfied).

Before Cementation 1 Month After Cementation

0 w 1 7 15

w2 8 4

w3 1 1

w4 5 1

w5 0 0
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statistically significant in amanner similar
to that of a previous study.43 For all
questions posed, the proportion of
negative answers decreased, whereas
positive answers increased. This indicates
Nam et al
that the participant’s subjective level of
satisfaction was improved by the
increased masticatory ability. Tooth loss
can be a disabling condition44 and has a
profound effect on such aspects of well-
being as self-confidence and feelings of
repugnance toward one’s appearance,
and it can alter behaviors such as social-
izing and forming close relationships. The
results of this study indicated that psy-
chological satisfaction related to com-
plete dentition was reflected in the
questionnaire score.

Occlusal load, load-bearing contact
area, and maximum occlusal force are
important in evaluating masticatory
ability, but masticatory efficiency must
also be considered. However, an exact
method for evaluating masticatory effi-
ciency has not been established, and
so various methods are used together
to determine masticatory efficiency.
Masticatory efficiency and maximum
activity in jaw elevator muscles are
known to correlate positively with
occlusal area and the number of pos-
terior teeth.28,30 Given this information,
it can be extrapolated that masticatory
efficiency is improved with increased
load-bearing contact area and
maximum occlusal force. In this study,
all prostheses were made and inserted
based on such criteria as light infraoc-
clusion, narrow occlusal tables, and
minimal contact. These properties were
desirable because osseointegrated im-
plants do not permit the same mobility
during chewing and loading as do
natural teeth with periodontal liga-
ments.45 Such properties might affect
masticatory efficiency negatively; how-
ever, effects due to prosthetic limita-
tions were expected to be negligible.
Further studies are necessary to deter-
mine the masticatory efficiency of sec-
ond molar implants.

CONCLUSIONS

Restoration of a missing second
molar was associated with an objective
increase in contact area. The subjective
measure of patient satisfaction also
improved 1 month after the placement
and cementation of ISSCs. Therefore,
individuals lacking second molars may
benefit from this treatment. Follow-up
over longer periods and with larger
sample populations is needed to de-
termine the effects of this treatment.
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