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Abstract
Occlusal analysis is a substantial tool for the functional improvement evaluation after 
using implant-retained overdenture comparing to complete denture without dental 
implant retaining. To evaluate occlusal pattern, chewing force distribution in mini-
dental implant-retained mandibular overdentures by computerised occlusal analysis 
system and to compare patient satisfaction after 1-year function. Thirty-one patients 
wearing complete dentures were included in the study. Prior to mini-dental implant-re-
tained treatment, all patients were assessed for occlusion and force distribution using 
computerised occlusal analysis system (T-Scan®), and then, all patients received two 
mini-dental implant-retained mandibular overdentures. Mini-dental implants were 
immediately loaded using low vertical profile attachments (Equator®). T-Scan® was 
used to evaluate chewing force and force distribution at 1 day, 3 months, 6 months 
and 12 months. The patient satisfactions before implant placement and after 1 year 
were evaluated using questionnaires which included satisfaction of denture qual-
ity, psychosocial behaviour and chewing efficiency modified from the validated 
questionnaires. Clinical evaluation of two mini-dental implant-retained mandibular 
overdentures showed 100% success rate after 1 year. T-Scan® demonstrated that 
maximum occlusal contact force increased continuously. The force distribution; the 
tooth contact number increased over the period. At 1-year follow-up, overall patient 
satisfaction was significantly greater than before receiving mini-dental implant treat-
ment (P < .001). Using computerised occlusal analysis, mini-dental implants improve 
complete denture function significantly in terms of maximum occlusal contact force, 
tooth contact number without the impairment of force distribution. The oral function 
of the patients has been enhanced.
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1 | BACKGROUND

According to the glossary of oral and maxillofacial implants, 
mini-dental implant has been defined as “implant fabricated of the 
same biocompatible materials as other implant but of smaller dimen-
sions (<3 mm).”1,2 Two mini-dental implants have been used success-
fully to retain complete dentures, especially in the mandible.1,2 In 
various studies, patients using dental implant-retained overdentures 
have reported better chewing function and significantly higher over-
all satisfaction than when using conventional complete dentures.3-6

In a recent systematic review, it was demonstrated that mini-im-
plant-supported overdentures provide better patient satisfaction 
than do standard-diameter-implant overdentures.7

Conventional implant-retained overdentures often require two 
steps, primary stability of implant placement and denture connec-
tion attachment.1,2,6,8 Compared to conventional implant, mini-den-
tal implant is better for elderly people with ridge resorption, chronic 
diseases, fear of surgery and their lower cost.1,2

Although a mandibular implant-retained overdenture is not as 
good a treatment choice as a fixed implant-supported prosthesis, it 
provides complete denture wearers significant chewing and quali-
ty-of-life improvement.8-10

Various attachment types, such as magnetic, ball, Locator® and 
Equator® attachments, have been used in un-splinted implant-re-
tained overdentures.11 The Equator® attachment is a recently in-
troduced mini-implant attachment which has smaller size than other 
attachment systems, and has been proved to have fewer prosthetic 
complications than has the ball attachment. Moreover, the surgi-
cal procedure for mini-dental implants is less invasive than that for 
conventional implant placement, which requires full-thickness flap 
surgery. In mini-dental implant procedures, a tissue punch is most 
often performed because there is sufficient bone width for implant 
placement.2 Flapless surgery is shown to provide less discomfort, 
less swelling, less post-operative pain and reduced healing time than 
full-thickness flap surgery.12-16

According to Aunmeungtong and colleagues, the cumulative sur-
vival rates of two immediate mini-dental implant-retained mandibu-
lar overdentures and of four immediate mini-dental implant-retained 
mandibular overdentures were 100% in 1-year study. There were 
no significant differences in clinical result, marginal bone loss and 
patient satisfaction between two mini-dental implant-retained man-
dibular overdentures and four mini-dental implant-retained mandib-
ular overdentures.2

During osseointegration period, the force distribution of im-
plant-retained overdenture using immediate protocol plays an im-
portant role for the success of the treatment. Overloading from 
occlusal force around dental implants should be avoided. Thus, 
occlusal analysis becomes an important step for the implant treat-
ment success. Occlusal evaluation should be provided after imme-
diate load to avoid overloading complications that may occur.17-21 
Well-distributed occlusal force and occlusal contact area should 
be achieved in order to increase the masticatory performance of 
complete denture wearers.22-24 The most common way to evaluate 
occlusion is using articulating paper. However, it is subjective and 

might be misleading.25-29 Computerised occlusal analysis system 
was introduced recently to objectively evaluate occlusal force dis-
tribution. It was found that occlusal indicator is reliable to assist in 
occlusal adjustment.30,31 T-Scan® (Tekscan, Inc) is a digital occlusal 
analysis system for recording and measuring tooth contact, force 
distribution and timing in real-time using pressure-sensitive bite 
transducer.32-34 The occlusal force distribution, occlusal interfer-
ence and relative force of each interference can be determined from 
the occlusal recorded.32,33 The T-Scan® records occlusal parameters, 
such as the centre of force, demonstrating the symmetry of the oc-
clusal force, first contact, the area of early contact between maxil-
lary and mandibular teeth, maximum occlusal contact force (MOF) 
and maximum intercuspation (the occlusal position of the mandible 
in which the cusps of the teeth of one arch fully interpose them-
selves with the cusps of the teeth of the opposing arch). Maximum 
intercuspation is an important jaw position that defines both the an-
terior-posterior and lateral relationships of the mandible and maxilla, 
as well as the superior-inferior relationship known as the vertical di-
mension of occlusion.34 Occlusal analysis is also a substantial tool for 
the functional improvement evaluation after using implant-retained 
overdentures in terms of bite force and occlusal distribution compar-
ing to complete denture without dental implant.22-24,33

From above, mini-dental implant is easy to place and can immedi-
ately be loaded by retaining the lower complete denture. The use of 
mini-dental implant for 1-day treatment in rural area is possible. The 
pilot project using mini-dental implant in dental mobile units has been 
planned and performed in rural area in Chiang Mai Province, Thailand.

The aims of the study were prospectively evaluating the occlusal 
pattern, chewing force distribution in mini-dental implant-retained 
mandibular overdentures by computerised occlusal analysis system 
and comparing patient satisfaction after 1-year function of immedi-
ately loaded two mini-dental implants.

2  | METHODS

The study was designed as a prospective clinical study. This study 
was approved by the Human Experimentation Committee of the 
Faculty of Dentistry, Chiang Mai University number 1/2017. It 
has been registered for Thai Clinical Trial Registry (TCTR) number 
20170216002.

Thirty-one patients participating in this study were recruited 
from four rural districts hospitals of Chiang Mai province, Thailand. 
The inclusion criteria were as follows: patients who had complete 
dentures which were in good bilateral force balanced conditions22-24 
and had been used for at least 1 year. The participating patients had 
no contraindications for minor oral surgery and no severe systemic 
disease according to American Society of Anesthesiologists (ASA) 
classification class 1 to class 2. The patients were not heavy smokers 
(<10 cigarettes per day). The patients had good attitude to dental 
implant treatment and could return for the follow-up study sched-
ule. The implant areas (lower left and right canine regions) had suffi-
cient bone height (more than 14 mm.) and width (more than 6 mm.). 
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For the sample size calculation, the software G*Power (Dusseldorf 
University) was used to confirm the sample size of this study. The 
calculated of minimum sample size are 26 patients, with alpha error 
probability of 0.05, 1-beta error probability of 0.8, matched pair. One 
examiner who is an expert in T-Scan® computer analysis has been as-
signed for the result evaluation (intra-examiner reliability with 0.991 
intra-class correlation coefficient). Pre-operatively, the patients 
were evaluated for the occlusal pattern, chewing force distribution 
and maximum occlusal contact force using T-Scan® computerised 
occlusal analysis system (T-Scan 8, Software version 8.0.1, Tekscan, 
Inc) (Figure 1). The patient satisfactions were also evaluated using 
questionnaires which included satisfaction of denture quality, psy-
chosocial behaviour and chewing efficiency modified from the vali-
dated questionnaires35 (Table 1) using a 10-cm visual analogue scale 
(VAS) as a cross mark on a scale from 0 to 100 mm for measurement.

The participating patients were examined radiographically using 
cone-beam computer tomography together with the radiologic 
markers in lower complete denture at lower canine regions for im-
plant position marking. Two mini-implants with diameter of 3 mm 
and length of 12 mm (PW Plus Co., Ltd) were placed under local an-
aesthesia (4% articaine with 1:100 000 epinephrine) using flapless 
technique at the positions which have been previously marked at the 
lower denture. After mini-implants were placed, the dentures were 
connected immediately with the mini-dental implants through a low 
vertical profile attachment system (Equator®, Rhein83) with 0.6 kg 
retentive force and self-cure pink acrylic resin (Tokuyama® Rebase II, 
Tokuyama Dental Corporation) (Figure 2). Post-operative radiograph 
(orthopantomogram) was taken to confirm the implant positions. 
The patients were provided with analgesic (Paracetamol 500 mg 
four times/d) and antibiotic (Amoxicillin 500 mg four times/d) for 
3 days. Following a 6-month period of use, the Equator® retentive 
caps were changed to the higher retention forces (1.2 kg).

The occlusal patterns of the patients, which are chewing force 
distribution and maximum occlusal contact force, were analysed 
by using T-Scan®. The occlusal analyses were repeated at 1 day, 
3 months, 6 months and 12 months after mini-implant placement. 
The patients’ satisfaction was measured again at 12-month function.

The results of the study were evaluated by one examiner. The 
data obtained from T-Scan® were MOF and force distribution 
(Figure 3). The force distribution was measured and analysed in three 
evaluations. The first evaluation was the bilateral force difference 
(per cent difference between left chewing area and right chewing 

area from canine to second molar area). The second was tooth con-
tact number (amount of tooth contact from canine to second molar 
area). The third was degree of force distribution (the occlusal contact 
arch was separated into two segments each side, with the canine 
premolars one segment, and the molars the second, thus a total of 
four segments) which was analysed the force distribution. The oc-
clusal force data were statistically analysed by using SPSS 22.0 soft-
ware (SPSS Inc); descriptive statistics (mean and standard deviation); 
Greenhouse–Geisser test (one-way repeated measure ANOVA) was 
used to analyse normal distribution data; and the Bonferroni correc-
tion test was used to analyse multiple treatment period comparison.

The 12-month patient satisfactions were also evaluated using 
the same pre-operative questionnaire, using a 10-cm VAS for mea-
surement. The patient satisfaction was statistically analysed using 
descriptive statistics (mean and standard deviation); Kolmogorov–
Smirnov test was used to analyse for normal distribution data; and 
paired t test was used to compare results regarding patients’ satis-
faction before treatment and after 12 months.

3  | RESULTS

In this 1-year study of mini-dental implant-retained mandibular 
overdentures, thirty-one subjects (21 males and 10 females) were 
enrolled. The mean age of participant was 65.84 ± 7.66 years. The 
demographic data are shown in Table 2.

3.1 | Success of mini-dental implant after 1 year

The success rate of dental implants was 100% according to the cri-
teria established at the Consensus Conference of the International 
Congress of Oral Implantologists (ICOI) in Pisa in 2007.36

3.2 | Computerised occlusal analysis

MOF data were normally distributed. The MOF at before implant 
placement, 1-day function, 3-month function, 6-month function and 
1-year function increased continuously. There was a significant dif-
ference between the MOF before implant placement (84.14% ± 5.79) 
and after 1 year of function (89.77% ± 4.56), (P < .05). There was 

F I G U R E  1   T-Scan® computerised occlusal analysis system. A, T-Scan® device and T-Scan® software. B, Using T-Scan® device in patients. 
C, Occlusal pattern analysis, maximum occlusal contact force (MOF) and force distribution
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a significant difference found between maximum occlusal contact 
force after 1 day of function (85.27% ± 5.92) and 1 year of function 
(89.77% ± 4.56), (P < .05) (Table 3).

Force distribution was analysed by using three separate evalua-
tions. In the first evaluation, the bilateral force difference data were 
normally distributed. There were no significant differences regard-
ing the bilateral forces data obtained before implant placement, at 
1 day of function, following 3 months, 6 months and 1 year of func-
tion. (Figure 4).

In the second evaluation, the tooth contact number data were 
normally distributed. There was a significant difference between the 
tooth contact number before implant placement (6.63 ± 1.95) and 
after 1 year of function (7.73 ± 1.66), (P < .05). There was no significant 

difference found between tooth contact number after 3 months of 
function (7.22 ± 2.13) and 6 months of function (6.58 ± 2.18) (Figure 5).

In the third evaluation, the degree of force distribution data was 
normally distributed. There was no significant difference between 
the degree of force distribution at the observation time (Figure 6).

3.3 | Patients’ satisfaction

According to the questionnaires, the results are shown in Table 1. All 
patients’ satisfaction indices were significantly improved (P < .001) 
after using mini-dental implant-retained overdentures. The quality-
of-life scores after 1-year function are about 97.2%.

TA B L E  1   Questionnaires and results of patients’ satisfaction between before and after 1-y function of mini-dental implant-retained 
mandibular overdentures

Questionnaires for patient satisfaction VAS before treatment VAS after treatment

1. How do you find your prosthesis in general? 57.78 ± 21.18 94.63 ± 12.00

2. How well does your prosthesis remain in place? 60.19 ± 21.95 93.33 ± 13.01

3. How well can you eat with your prosthesis? 60.56 ± 22.29 96.11 ± 8.36

4. How well can you talk with your prosthesis? 65.19 ± 21.01 94.30 ± 11.50

5. How do you find the appearance of your prosthesis? 62.96 ± 21.98 95.04 ± 10.83

6. Describe the extent of comfort with your upper denture? 68.26 ± 25.39 93.70 ± 9.67

7. Describe the extent of comfort with your lower denture? 56.48 ± 20.56 96.96 ± 7.73

8. How would you rate the fit of your upper denture? 64.22 ± 24.58 87.41 ± 17.01

9. How would you rate the fit of your lower denture? 60.00 ± 22.70 95.22 ± 11.31

10. Do you have improvement speaking with your prosthesis? 62.96 ± 23.83 98.37 ± 5.35

11. How often does your prosthesis affect your socializing? 64.67 ± 23.51 92.85 ± 13.20

12. Are there more activities you can do, using your prosthesis with confidence? 68.89 ± 25.01 95.41 ± 11.84

13. Indicate if your prosthesis improves your work? 70.00 ± 26.17 97.04 ± 7.24

14. Can you bite off soft foods easily? 59.85 ± 21.43 82.22 ± 18.26

15. Can you bite off hard foods easily? 47.22 ± 27.47 77.41 ± 21.05

16. Can you chew soft foods easily? 62.59 ± 22.29 92.59 ± 14.83

17. Can you chew hard foods easily? 50.93 ± 30.45 88.52 ± 17.69

18. How satisfied are you with the healing since your implant surgery?  97.78 ± 5.60

19. Do you think your implant-supported prosthesis is actually part of you?  97.59 ± 5.78

20. To what extent has yours implant-supported prosthesis implant-supported 
prosthesis improved your social and work relationship with other people?

 97.22 ± 6.52

F I G U R E  2   Mini-dental implant-retained mandibular overdenture
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4  | DISCUSSION

The success of mini-dental implant-retained overdentures has been 
well documented. The success rate is about 91.17%-100%.2,12,16,19,37,38 
From our study, the success rate of the treatment is 100%. The fac-
tors that may have influenced the success of the treatment are the 
denture status, the denture design, the adequate tissue support and 
the parafunctional habits.39 The results of this study show that using 
mini-dental implant-retained overdentures provided within the setting 
of a mobile dental treatment unit is possible and that good results are 
achievable. However, regular maintenance of implant-borne prosthe-
ses and long-term care of the attachment part together with the physi-
ologic change in the alveolar bone are still required, and they play an 
important role for the long-term success.

Occlusal analysis becomes an important step for the success 
of implant treatment. The proper occlusion in complete denture is 

the crucial factor to improve the success of the treatment. Using 
computerised occlusal analysis assists the dentist to detect occlusal 
force and occlusal distribution and allow the dentist to adjust the 
occlusion accurately.30-34 It is also used together with conventional 
articulating paper.26

Several studies showed that using two or four dental implants 
retained overdenture improve the function of the denture.1,2,40,41 
From our study, we are comparing the occlusal analysis before 
and after using mini-dental implants to retain the lower complete 
dentures.

Evaluating MOF of a complete denture is one important indi-
cator for measuring the complete denture function. The results of 
our study show that we can measure the MOF of the complete den-
ture. Before using the mini-dental implant-retained overdenture, the 
initial maximum occlusal contact force was about 84%. It has been 
estimated that the MOF in a complete denture is about 102.2N to 
142.9N. Using mini-dental implants to support the complete denture 
increases MOF significantly up to 90% at 1 year of function (P < .05, 
Figure 7).

Principle of the occlusion in complete denture is distribution of 
the chewing force to bilateral balanced occlusion. With this occlu-
sal design, patients can use the complete denture effectively. Force 
distribution represents the bilateral balanced occlusion. From our 
study, the use of mini-dental implant does not impair the balancing 
occlusion which has been designed from the beginning of complete 
denture fabrication (Figures 4 and 6).

However, when compared the tooth contact number, we found 
that use of mini-dental implant-retained overdentures can improve 

F I G U R E  3   Occlusal force evaluation by T-Scan®. A, The maximum occlusal contact time. B, The amount of maximum occlusal contact 
force. C and D,, Force distribution, bilateral force difference. E-H, Force distribution, tooth contact number and degree of force distribution

TA B L E  2   Demographic data of participants

Age

Gender

TotalMale Female

< 60 3 3 6

60-69 11 4 15

70-79 5 3 8

>80 2 0 2

Total 21 10 31



6  |     KABBUA et Al.

TA B L E  3   The changes in occlusal force measurements over time

Time
Before 
implantation 1-d function 3-mo function 6-mo function 12-mo function Significant P value

Per cent of 
maximum occlusal 
contact force

84.14 ± 5.79 85.27 ± 5.92 88.22 ± 7.11 87.62 ± 5.63 89.77 ± 4.56 Before implantation and 
12-mo function; P = .004

1-d function and 12-mo 
function; P = .013

Per cent of bilateral 
force difference

22.29 ± 21.52 23.35 ± 19.50 18.93 ± 13.36 22.48 ± 13.35 17.25 ± 12.36  

Tooth contact 
number

6.63 ± 1.95 5.84 ± 2.30 7.22 ± 2.13 6.58 ± 2.18 7.73 ± 1.66 Before implantation and 
12-mo function; P = .022

1-d function and 3-mo 
function; P = .001

1-d function and 12-mo 
function; P < .001

6-mo function and 12-mo 
function; P = .009

Degree of force 
distribution

3.39 ± 0.75 2.92 ± 0.99 3.58 ± 0.70 3.32 ± 0.85 3.62 ± 0.65 1-d function and 3-mo 
function; P = .001

1-d function and 12-mo 
function; P = .003

F I G U R E  4   Force distribution, bilateral 
force difference in 1-y function of mini-
dental implant-retained mandibular 
overdentures

F I G U R E  5   Force distribution, tooth 
contact number in 1-y function of mini-
dental implant-retained mandibular 
overdentures
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tooth contact number significantly (P < .05, Figure 5), thus improving 
the chewing function of the complete denture.

At the 6-month function, the MOF, the bilateral force difference, 
the tooth contact number and the degree of force distribution val-
ues were found slightly decreased due to the deterioration of the 
Equator® retentive caps. After changing the retentive caps, all the 
values were found increased at the 12-month follow-up.

Overall patients’ satisfactions and quality of life from this study 
were significantly increased after 1-year function when compared 
to before mini-dental implant placement (P < .001). As with previous 
studies, comparing complete dentures and mini-dental implant-re-
tained overdentures, overall patients’ satisfaction was significantly 
increased with mini-dental implant-retained overdentures.43-45

Focusing on potential drawbacks using two mini-dental implants 
for retention of a complete denture, according to osseointegration, 
disintegration of the mini-dental implants could happen due to ex-
cessive occlusal forces such as using the anterior part of the denture 

only, or due to atrophy of the edentulous ridge after long-term use of 
a complete denture without relining the denture base.

The limitations of the study are the parameters obtained from 
the T-Scan. It can be interpreted in proportion from the diagrams of 
the software. For example, the maximum occlusal contact force can 
be shown only in per cent when compared to the other areas of the 
patients’ occlusion, but it cannot show the numerical value of the 
force in Newton. Further studies using software for more detailed 
occlusal force analysis is required to confirm the results of the pres-
ent study.

5  | CONCLUSION

Within the limitations of the study, by using computerised occlusal 
analysis, mini-dental implant can improve complete denture function 
significantly in terms of maximum occlusal contact force and tooth 

F I G U R E  6   Force distribution, degree 
of force distribution in 1-y function of 
mini-dental implant-retained mandibular 
overdentures

F I G U R E  7   Maximum occlusal contact 
force in 1-y function of mini-dental 
implant-retained mandibular overdentures
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contact number without the impairment of force distribution. The 
oral function of the patients has been enhanced.
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