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Abstract
Purpose: To describe the occlusal pressure redistribution in dental arches following
placement of single posterior implant-supported restorations in occlusion with natural
dentitions.
Materials and Methods: Fifteen patients who presented for successfully osseointe-
grated single posterior implant restorations participated in the study. Cement-retained,
all-ceramic implant crowns were fabricated and delivered after adjustment for inter-
proximal contacts, fit, and uniform occlusal contacts. Occlusal pressure distribution
was recorded with a digital sensor that reported contact point forces as a percentage
of total pressure applied to the sensor. Measurements were taken before and after
restoration for comparison. The distribution of relative occlusal stress was analyzed
for statistical significance by location.
Results: The results indicated that placement of posterior implant-supported restora-
tions increased the bite pressure in the sextants containing the restorations by an
average of 4.18% (p = 0.019) of the maximum value registered (maximum bite pres-
sure). The contralateral occlusal load was found to decrease by 2.9% (p = 0.047) of
the maximum value registered; however, there was no significant difference among
or between the tooth positions.
Conclusion: Single posterior implant-supported restorations significantly increased
the percentage (%) of total occlusal pressure in the containing sextant and decreased
percentage of total occlusal pressure in the contralateral sextant. When analyzing
restorations by exact position, more posterior implant restorations decreased the oc-
clusal pressure applied in anterior dentitions.

Mastication has been identified as a critical bodily function.1,2

Measures of masticatory function can be both objective and
subjective and are determined in part by the total number of
functional tooth units (FTU) within a dental arch.3,4 A FTU
has been defined as two opposing teeth in occlusion with one
another. If either tooth in a FTU is missing, it is no longer
in function. Studies have shown that as patients become in-
creasingly edentulous, each lost FTU results in a reduction of
masticatory performance.5,6 As a result, the restoration of eden-
tulous spaces, and in turn maintenance of FTUs, has played an
important role in preserving optimal masticatory performance.

Following decades of research, the endosseous implant has
emerged as a reliable treatment option for edentulous spaces.7

In order to consider the role of implants in occlusion, it is impor-
tant to understand how implant restorations differ from natural
dentition.8-12 Implants are not surrounded by the periodontal
ligament (PDL), precipitatating a marked reduction in mobility
and proprioception. Implant failures have often been attributed
to overload, which may lead to incomplete osseointegration,
screw loosening, and bone loss.13 Despite extensive survival

studies, the effect of single implant-supported restorations on
occlusal pressure distribution remains in question.

Many occlusal studies in the past have relied heavily on ar-
ticulation papers, foils, and photocclusion to conduct analysis;
however, articulation paper mark size has been shown to be
an unreliable indicator of occlusal force.14,15 The T-scan III
(Tekscan III, South Boston, MA), on the other hand, is a dig-
ital modality utilizing an array of pressure sensels that has
been shown to give reliable and precise measures of relative
force.16,17 Furthermore, results of each scan are quantifiable
as percentages of the total load registered by the sensor and
immediately exported to analysis software as opposed to man-
ual photocclusion or subjective analysis. The entirely objective
measure of occlusal loading at discrete contact points makes
the T-scan system an ideal modality for the analysis of the
distribution of biting pressure within dental arches.

The purpose of this study was to describe the redistribution of
occlusal pressure in dental arches following placement of single
posterior implant-supported restoration in occlusion with natu-
ral dentition via digital occlusal scans. The null hypothesis was
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Table 1 Delivery guidelines used for proper implant occlusion

Implant-supported restoration guidelines

Mutually protected occlusion
Immediate disocclusion on protrustion and excursion
Light contact on clenching
Even centric contacts
No posterior interferences

that the addition of an occlusal unit will not increase the per-
centage of relative occlusal pressure in the sextant containing
the restoration.

Materials and methods

This study was approved by the Harvard Medical School Com-
mittee on Human Studies (CHS Nr. M20078-101). This was
a retrospective cohort study of partially edentulous patients at
Harvard School of Dental Medicine. The inclusion criteria in-
cluded: (1) successfully osseointegrated single posterior dental
implant, (2) in occlusion with natural dentition, 3) adjacent
natural dentition present. Exclusion criteria included: (1) more
than one edentulous space, (2) anterior missing teeth, (3) absent
opposing dentition, (4) opposing implant-supported restoration,
(5) history of bruxism, (6) history of traumatic occlusion. Fif-
teen patients met these criteria (4 first premolar, 3 second pre-
molar, and 8 first molar restorations). All implants were evalu-
ated for successful osseointegration at 3 months and loaded with
prefabricated abutments and cement-retained crown restora-
tions. Following final delivery all restorations were adjusted
according to guidelines in Table 1.

Implant restoration delivery

All-ceramic restorations (monolithic IPS e.max Press; Ivoclar
Vivadent, Amherst, NY) were delivered, evaluated, and pres-
sure measured by a single practitioner to minimize variabil-
ity. Prior to final insertion, each restoration was assessed for
interproximal contact, seat, seal, and margin of fit. Adjustments
were made as needed to adhere to occlusal considerations out-
lined in Table 1. Crowns were cemented with temporary cement
(Temp-Bond NE; Kerr Corp., Orange, CA).

Digital occlusal scan acquisition

Digital occlusal scans were taken prior to and following de-
livery using a digital occlusal sensor (Tekscan III) at the same
appointment by the same practitioner who delivered the restora-
tions. The T-Scan III sensor measures total pressure applied in
N/cm2 and assigns a percentage of that value to the correspond-
ing regions. Data recorded resulted in a real time pressure map
of occlusal force and distribution over the course of time. This
information could then be displayed in 2D and 3D graphics
by the Tekscan software. The software was then instructed to
objectively select the frame during which the maximum total
load was applied to the sensor sheet.

Prior to final delivery, the occlusal sensor was placed into the
patients’ mouths and the handle was activated to begin record-

ing. The patient was then instructed to bite forcefully, ensuring
that teeth occluded normally and released. The process was
then repeated following insertion of the implant restorations.
The same Tek Scan handle was used for all measurements in
this study. A single new sensor sheet was used for each pa-
tient to obtain both scans. Data collected were exported to the
T-Scan software, which reported the percentage (%) of total
occlusal pressure (N/cm2) at various contact points across the
dental arch. The exported data displays as a sequence of force
readings over the course of time. The point in time objectively
determined, by the software, to be the point of maximum bite
force was used for analysis. Then, the arch was divided into
three sextants: anterior sextant, sextant containing restoration,
and contralateral sextant. The percentage of total occlusal pres-
sure assumed by each area was determined both before and
after the implant restoration was placed.

Statistical analysis

Data sets before and after insertion were compared within in-
dividuals to track changes in occlusal pressure. Change within
each individual was then compiled into SAS v8 (SAS, Cary,
NC) for analysis. A Wilcoxon signed rank test was performed
for statistical analysis with a p-value of 0.05 for significance.

Results

Digital occlusal scan data at the point of maximum bite pres-
sure before and after delivery of the implant-supported restora-
tions: Figure 1 shows a colorimetric representation of load
data on a half arch before and after delivery of the posterior
restoration. The red circle highlights the area of the restoration.
Percentage values indicate the percentage (%) of the total oc-
clusal pressure exerted on the sensor that lies within a given
segment. Segments are defined by the software to approxi-
mate tooth position, which is indicated by the whole number.
Color indicates areas of contact. Red, yellow, and orange ar-
eas represent heavy contact points. Blue areas represent light
contacts. Dark blue areas represent artifact due to torsion in
the sensor sheet. Segment percentage values within sextants
(posterior right, posterior left, and anterior) were combined to
yield the percentage of total occlusal pressure supported by that
sextant.

Data analysis, irrespective of exact tooth position, is shown
in Table 2. The posterior sextant containing the restorations
showed an average of 39.0% of total occlusal pressure before
delivery and 43.18% of total occlusal pressure following deliv-
ery, yielding an increase of 4.18% of total occlusal pressure
(p = 0.019). Furthermore, the contralateral sextant (to the
restoration) was found to undergo a statistically significant de-
crease of 2.9% of total occlusal pressure (p = 0.047).

When stratified for exact tooth position there was no
significance among or between tooth positions (Fig 2).
Restorations at the first premolar position (PM1) registered
an average increase of 4.74% in the sextant containing the
restoration. The anterior sextant of PM1 restorations registered
an average increase of 4.03%. The sextant contralateral to PM1
restorations registered an average decrease of 7.65% of total
occlusal pressure. Restorations at the second premolar position
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Table 2 Average percentage (%) of total occlusal pressure before and after delivery of single implant-supported restorations

Mean % occlusal pressure before (SE) Mean % occlusal pressure after (SE) Mean change p Value

Sextant containing restoration 39% (2.9) 43.18% (3.07) +4.18% 0.019∗

Anterior sextant 15.8% (2.70) 14.4% (2.25) −1.4% 0.491
Contralateral sextant 44.3% (2.96) 41.4% (2.71) −2.9% 0.047∗

*p < 0.05.

Figure 1 Display of occlusal pressure data ac-
quired with digital occlusal scanner before and after
final delivery of implant-supported restoration.

Figure 2 Bars represent the arithmetic average of per-
cent change in relative occlusal pressure in sextants
when stratified by restoration position. (PM1 = first
premolar, PM2 = second premolar, M1 = first molar).

(PM2) registered an average increase of 8.37% of total occlusal
pressure. The anterior sextant of PM2 restorations registered
an average decrease of 3.0%. The contralateral sextant to PM2
restorations registered a decrease of 0.08%. Molar restorations
(M) registered an average increase of 6.34% in the containing
sextant. The anterior sextant of M restorations registered
an average decrease of 1.77%. Sextants contralateral to M
restorations registered an average decrease of 1.97%.

Discussion

The purpose of this study was to describe the effect of single
posterior implant-supported restorations on occlusal pressure
distribution within dental arches. The T-scan III is a digital
modality using an array of pressure sensels to establish contact
time sequence, relative occlusal force, and relative distribu-
tion of pressure.14-16 Results of each scan are quantifiable as
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percentages of the total load registered by the sensor and im-
mediately exported to analysis software as opposed to manual
photocclusion or subjective analysis. Although previous itera-
tions of the T-Scan system have been shown to produce highly
variable readings with unreliable reproducibility, more recent
literature has shown the latest iteration, the T-scan III, to have
great precision and reliability when measuring relative pressure
distribution and number of contacts.14,16

Unlike natural teeth, osseointegrated implants lack a PDL,
which provides proprioception as well as shock-absorbing
function.11 The literature has reported that it is critical to control
implant occlusion, because dental implants react biomechan-
ically in a different fashion to occlusal stress.9,12 The clini-
cal success and occlusal stress distribution of dental implant
restorations can be successfully achieved by reducing heavy
contacts, premature contacts, and large cantilevers. In our study,
the adjustments of the occlusal design alleviated the occlusal
forces applied to the remaining teeth and redistributed the oc-
clusal stress to the contralateral sextant. This results in a more
even distribution of the occlusal pressure bilaterally and con-
tributes to the occlusal stability.

When analyzing the data set irrespective of exact tooth posi-
tion, single posterior implant-supported restorations increased
the percentages of occlusal pressure supported by that sextant.
This stands to reason as adding an additional FTU adds addi-
tional contact points and increases the surface area to which
pressure can be distributed.

In addition, the sextant contralateral to the restoration expe-
rienced a significant decrease in percentage of total occlusal
load. It appears that as the percentage of total force shifted
towards the sextant containing the restorations, pressure de-
creased in the contralateral posterior dentition.

The indirect transfer of force is presumably due to the other
determinants of occlusion and occlusal stability: anterior den-
tition, condylar morphology, and neuromusculature.1,2 While
anterior dentition plays a critical role in excursive and pro-
trusive movements, an ideal and mutually protective occlusal
scheme has limited anterior contacts at maximum intercuspa-
tion. In reality, occlusal schemes diverge from the ideal, and
anterior contacts exist to varying degrees. These anterior con-
tacts, although not statistically significant in this study, may
preclude the direct transfer of pressure between posterior sex-
tants. Furthermore, shifting force could be lost to the patient’s
condyles and neuromusculature, because these structures are
load bearing.

Although not statistically significant, a trend emerges when
analyzing the data set stratifying for exact restoration posi-
tion. Restorations positioned more posteriorly lead to an in-
crease in pressure in the containing sextant while relieving
pressure in the anterior and contralateral sextants. In contrast,
restorations positioned more anteriorly at the PM1 position
lead to increased occlusal pressure not only on the sextant con-
taining the restoration, but the anterior sextant as well. The
increased stress on the anterior dentition is presumably due to
the proximity of PM1 to the anterior sextant.

The study of occlusion is extremely complex and is influ-
enced by the number of functional tooth units, condylar mor-
phology, and neuromusculature. The focus of this study was
to assess occlusal pressure redistribution following posterior

implant-supported restoration; however, the anatomic variation
between patients must be acknowledged. Despite variations be-
tween patients, these anatomic and neurologic variables remain
consistent within each patient. In keeping with inclusion and
exclusion criteria, each patient was also edentulous in a sin-
gle space. This, to a certain degree, isolates the delivery of
the posterior implant-supported restoration as responsible for
the change in occlusal stress distribution. It also implies that
subjects had a stable occlusion prior to delivery, and so single
restorations would have minimal impact on overall occlusal
stability.

This study is limited in that it only includes single edentulous
spaces in the posterior dentition, and the data was analyzed at
a static moment in time. Future studies may include pressure
redistribution with various occlusal schemes.

Conclusions

Within the limitations of this study, it was concluded that sin-
gle posterior implant-supported restorations significantly in-
creased the percentage (%) of the total occlusal pressure in
the restored sextants. Furthermore, single posterior implant-
supported restorations decreased the percentage of total oc-
clusal pressure by the contralateral sextant. When analyzing
restorations by exact position, it appeared that more posterior
placement relieved the anterior dentition, whereas a more an-
terior placement increases stress on the anterior dentition.
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