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Abstract

Objectives: To investigate the relation between occlusal loading and peri-implant clinical parameters (probing
depth, bleeding on probing, gingival retraction, width of keratinized mucosa, and crevicular fluid volume) in patients with implant-supported complete fixed prostheses in both arches.
Material and Methods: This clinical study took place at the University of Valencia (Spain) dental clinic. It included
patients attending the clinic for regular check-ups during at least 12 months after rehabilitation of both arches with
implant-supported complete fixed ceramo-metallic prostheses. One study implant and one control implant were
established for each patient using the T-Scan®III computerized system (Tesco, South Boston, USA). The maxillary implant closest to the point of maximum occlusal loading was taken as the study implant and the farthest
(with least loading) as the control. Occlusal forces were registered with the T-Scan® III and then occlusal adjustment was performed to distribute occlusal forces correctly. Peri-implant clinical parameters were analyzed in both
implants before and two and twelve months after occlusal adjustment.
Results: Before occlusal adjustment, study group implants presented a higher mean volume of crevicular fluid
(51.3±7.4 UP) than the control group (25.8±5.5 UP), with statistically significant difference. Two months after
occlusal adjustment, there were no significant differences between groups (24.6±3.8 UP and 26±4.5 UP respectively) (p=0.977). After twelve months, no significant differences were found between groups (24.4±11.1 UP and
22.5±8.9 UP respectively) (p=0.323). For the other clinical parameters, no significant differences were identified
between study and control implants at any of the study times (p>0.05).
Conclusions: Study group implants receiving higher occlusal loading presented significantly higher volumes of
crevicular fluid than control implants. Crevicular fluid volumes were similar in both groups two and twelve months
after occlusal adjustment.
Key words: Occlusal loading, crevicular fluid, peri-implant clinical parameters, T-Scan®.
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Introduction

These are difficult to design because the deliberate creation of excessive occlusal loading would be both unrealistic and unethical (13).
The aim of this study was to evaluate the relation between peri-implant clinical parameters (probing depth,
bleeding on probing, gingival retraction, keratinized
mucosa width and crevicular fluid volume) and occlusal overloading in patients with implant-supported
complete fixed prostheses in both arches, using the
T-Scan®III occlusal analysis system.

Correct occlusion and oral hygiene are critical to the
long-term success of dental implants (1). Overloading
occlusion can upset peri-implant health and provoke inflammation that may lead to future peri-implant bone
loss (2). Maintaining both the horizontal and vertical
dimensions of peri-implant bone is essential for preserving correct soft tissue architecture and health. In
a literature review, Salvi et al. (3) determined parameters for evaluating peri-implant health or disease; these
parameters included: bacterial plaque, probing depth,
bleeding on probing, keratinized mucosa width and crevicular fluid volume.
However, there is controversy as to whether periimplant bone loss derives from occlusal overloading.
While some animal studies (4-6) have associated excessive occlusal loading with peri-implant bone loss in absence of gingival inflammation, others have shown that
occlusal stress does not cause peri-implant bone loss in
absence (7-10) or absence (11) of gingival inflammation.
The association remains unclear due, in part, to the lack
of scientific evidence gleaned from human studies (12).

Material and Methods

-Patient selection and study design (Fig. 1)
This clinical study took place at the Oral Surgery Unit
at Valencia University between October 2010 and October 2011. Fifteen patients were selected, who had been
rehabilitated with ceramo-metallic complete fixed prostheses, supported by 8 Phibo TSA® implants with Avanblast surface in the upper maxillary and 6 in the mandible (Phibo Dental Solutions, Impladent, Senmenat, Barcelona, Spain) (Fig. 2). Table 1 shows all inclusion and
exclusion criteria. The study fulfilled Declaration of


Fig. 1. Study
timeline.

Table 1. Patient inclusion and exclusion criteria.

Inclusion criteria
ŀ
ŀ
ŀ
ŀ

Adult patients (>18 years)
Patients rehabilitated with fixed full-arch prosthesis loaded
at least 12 months before the study
Prostheses occlusally adjusted with 12µ articulating paper
Signature of informed consent document

Exclusion criteria

ŀ
ŀ
ŀ

Use of local or system icanti microbials 3 months prior to the
study
Smokers
Pregnant or lactating women
Patients with a history of Bisphosphonate therapy

ŀ

Patientswhohadmalignantdiseasesorotherdiseasestreatedwith

ŀ

chemotherapeuticagents ("chemotherapy")or head and neck
radiotherapy or during the past 5 years.
ŀ
ŀ
ŀ
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Severe bruxism
Poor oral hygiene (degree 1-3 in the scale of Mombelli(15))
Incomplete data gathering or failure to attends cheduled control
visits
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Helsinki principles for medical research involving humans. All patients gave their informed consent to take
part and the study was approved by the University of
Valencia ethics committee (ref no. H1335344280712).
Four patients did not fulfill the inclusion criteria: one
for failing to attend scheduled appointment, 2 for poor
oral hygiene and one for using mouthwashes. This left
a final total of 11 patients, 4 women and 7 men, with a
mean age of 58.4 years. All patients received rigorous
oral hygiene with Teflon curettes and rotary instrument
brushing and patients were given instructions for improving and maintaining oral hygiene at home. Patients
then underwent occlusal analysis with the T-scan®III
system (Tesco, South Boston, USA) in order to establish
two study groups per patient: (Fig. 3)
Study Group: Maxillary implant closest to the point of
highest occlusal loading.
Control Group: Maxillary implant with least loading,
furthest from the study implant.

A month later (week 8), the first set of data was collected, registering peri-implant clinical parameters
(probing depth, bleeding on probing, gingival retraction, keratinized mucosa width and crevicular fluid volume). Occlusal adjustment was performed to distribute
occlusal loading evenly over the whole arch, verifying
the distribution with the T-Scan®III (Fig. 4), following
the method described by Kerstein (14). This verification was repeated two (week 16) and twelve (week 52)
months after occlusal adjustment, when peri-implant
parameters were again evaluated.

Fig. 4. Sample T-scan III® image of occlusal contacts after occlusal
adjustment (week 16).
Fig. 2. Patient rehabilitated with complete fixed prostheses in both
arches.

-Data collection and follow-up.
Patient data were registered following a previously established protocol; in a sequence of scheduled visits to the
clinic, patients were attended by a specially trained dentist, who registered the following clinical parameters:
▪Probe depth: This was measured using a Click-Probe®
plastic periodontal probe with force delivery system
(Click-Probe®, Kerr, Bioggio, Switzerland). Periodontal pocket depth was measure at the selected implants,
registering depth at three vestibular and lingual points
and calculating the mean value.
▪ Bleeding on probing: was graded using the scale established by Mombelli et al. (15): grade 0= no bleeding;
grade 1= isolated point bleeding; grade 2= line of blood
at gumline; grade 3= profuse bleeding.
▪ Gingival retraction: was determined as the presence or
absence of retraction and when present was measured at
the midfacial mucosa level in relation to the edge of the
prosthetic crown (16).
▪ Keratinized mucosa width: was measured in millimeters from the mucogingival line to the peri-implant
groove (17).

Fig. 3. Sample T-scan III® image of occlusal contacts before occlusal adjustment (week 4).

e304

Med Oral Patol Oral Cir Bucal. 2014 May 1;19 (3):e302-7.

Occlusal loading and peri-implant clinical parameters

▪ Crevicular fluid volume: crevicular fluid was collected
from the implants selected for study by inserting sterile
paper strips (Periopaper Strip® Proflow Incorporated.
New York, NY, USA). The technique consisted of: a)
air-drying the mouth; b) isolating the area with cotton
wool rolls; c) gentle drying of the implant area where the
paper strip was to be placed; d) crevicular fluid sample
collection, inserting the Periopaper® in the groove between the implant and the gum for 30 seconds; e) placing samples between Periotron® 8000 sensors (Proflow
Incorporated. New York. USA) to evaluate the quantity
of crevicular fluid collected in Periotron Units (PU).
The Periotron® had been calibrated previously following the manufacturer’s instructions.
-Statistical Analysis
Statistical analysis used SPSS for windows statistical
software (version 15.0. SPSS Inc., Chicago, IL, USA).
Spearman and Pearson correlation coefficients were applied to the data. Statistical significance was established
as p<0.05.

(p=0.977). (Fig. 5) For the rest of the clinical parameters measured, no statistically significant differences
were observed between study periods, before and after
occlusal adjustment (p>0.05).

Discussion

This study investigated the effect of occlusal loading on
peri-implant soft tissues. Although the patient sample
was small (11 patients, 22 implants), this represents the
first study of these parameters that has used consecutive patients (selected according to strict uniform criteria and treated by the same team of dentists) and exactly
the same procedures.
The clinical parameters evaluated in this study (bacterial plaque, probing depth, bleeding on probing, keratinized mucosa width and crevicular fluid volume) were
selected on the basis of the literature review by Salvi et
al. (3), which proposes these parameters for evaluating
peri-implant health or disease.
Previous animal (6,9,10,18-20) and human studies
(2,21,22) suggest that occlusal overloading may cause
a loss of osteointegration and early implant failure. Nevertheless, the real meaning of this association is questionable due to the lack of scientific evidence obtained
in studies of humans. Clearly, it would be inappropriate
and unethical to monitor the effects of excessive occlusal forces in humans by deliberately placing prostheses
with occlusal supra-contact. However, this has been
made possible thanks to the T-scan®III occlusal analysis system, a non-invasive method, whereby the patients
makes mastication movements that activate a sensor
placed between the dental arches, while the computer
registers and processes the data. Occlusal contacts are
represented on screen by topographic images that describe the shape of the contact areas, the relative force,
surface area and time sequence of occlusal contacts. Differences in occlusal loading are shown as color changes,
ranging from red (high loads), graduating through the
colors of the spectrum, to blue (low loads).

Results

Table 2 shows complete results for the clinical peri-implant evaluations obtained. Before occlusal adjustment,
study group implants presented higher volumes of crevicular fluid than control group implants, with statistically significant difference (p=0.002) (Fig. 5). For the
rest of the clinical parameters, no significant differences were observed between groups (p>0,05). At two and
twelve months after occlusal adjustment, none of the
clinical parameters showed any statistically significant
differences between the study and control groups.
When results before and after occlusal adjustment were
compared, a significant fall in crevicular fluid volume
occurred in study group implants, resulting in almost
equal volumes between the study and control groups after adjustment (p=0.011). These values remained stable
twelve months after adjustment. However, for control
group implants, no significant changes were identified

Table 2. Peri-implant clinical parameters.

Week 8

Week 16

Week 52

Group

Study

Control

Study

Control

Study

Control

PD (mm)

2.9 ± 0.8

2.3 ± 0.9

2.8 ± 0.8

2.5 ± 0.8

2 ± 0.8

1.9 ± 0.3

BOP (mean)

0.45 ± 0.6

0.09 ± 0.3

0.64 ± 0.8

0.09 ± 0.3

0.2 ± 0.4

0.2 ± 0.4

Retraction (%)

18

0

18

0

18

0

Retraction (mm)

0.36

0

0.45

0

0.45

0

KM (mm)

3.2 ± 1.1

4 ± 2.5

3.8 ± 1.1

4.1 ± 2.2

3 ± 1.2

3.4 ± 0.5

CFV (UP)

51.3 ± 7.4 #¥

25.8 ± 5.5 #

24 ± 3,8 ¥

26 ± 4.5

24.4 ± 11.1

22.5 ± 8.9

PS: Probingdepth. SAS: Bleedingonprobing. KM: Keratinized mucosa width. CFV: Crevicular fluid volume. ¥ # Statisticallysignificant
differences.
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Fig. 5. Changes in crevicular fluid volume over the three study times.

In all research into occlusal loading, study design is a
source of controversy as it is bound to include some
means of creating occlusal interference. In animal studies (5-9,18,19,23), overloading has been generated via
the fixed prosthetic set-up supported by splinted implants, which results in lateral overloading rather than
axial. Other researchers (10,20) have created excessive
occlusal loading using one-piece crowns with overloading in the antagonist arch to produce overloaded centric
occlusal contacts. Indeed, Chambrone et al. (13) made
a literature review that applied exclusion criteria to discard any studies in which implants had been splinted.
But in a more recent literature review, Naert et al. (24)
commented – and these authors agree – that research
into overloading should not be restricted to one-piece
restorations. The present study used complete arch fixed
prostheses so that both the study implants and the control implants formed part of a single prosthetic structure, which equalized conditions between implants.
Although differences were not statistically significant,
greater probe depth was registered in implants with
higher occlusal loading, a finding that coincides with
other published research (6). Miyata et al. (6), in an
experimental animal study, found that probe depth at
the peri-implant groove increased with greater occlusal
interference (prosthesis height of 180-µm or 250-µm
compared with 100-µm). However, Kozlovsky et al.
(20), in an experimental dog study, evaluated the impact
of overloading on implants in presence or absence of
inflammation; the results showed a significant increase
in probe depth in implants where hygiene control had
not been performed, regardless of occlusal loading conditions.
The present study evaluated bleeding on probing using
the scale proposed by Mombelli et al. (15); implants
with higher occlusal loads showed higher bleeding on
probing (0.45 ± 0.6) than implants with lower loads
(0.09 ± 0.3), although differences were minimal and did
not reach significance. Miyata et al. (6,9) in two studies
of similar design, observed that when the experiment
period ended, occlusal overloading had not produced
inflammatory responses such as redness or swelling in
any of the implants studied, but in another study by the

same team (19), redness and bleeding were observed in
implants subjected to overloading, although the study
did not include any hygiene control. Heitz-Mayfield et
al. (10) also found bleeding on probing at 18% of overloaded implants, but 53% of the sample presented dental
plaque.
Gingival biochemical parameters and crevicular fluid
volumes are determinants of current disease, patients’
susceptibility and future prognosis (25); many studies
have focused on crevicular fluid volume as a potential marker for the diagnosis and prognosis of disease
(26-28). Various studies have shown that crevicular
fluid volume increases significantly when inflammatory conditions are present (25,29,30) and an increase
in crevicular fluid volume is a useful marker of inflammation of the peri-implant and gingival tissues (25). In
the present study, a decrease in crevicular fluid volumes
was observed for study group implants after occlusal
adjustment. To avoid the influence of oral hygiene on
the periodontal parameters studied, patients received
rigorous oral hygiene one month before the first data
registration and were given instructions for improving
and maintaining oral hygiene at home. And so, crevicular fluid volumes appeared to point to a relation between
occlusal loading and the degree of peri-implant tissue
inflammation. No other research has been found that
has related occlusal loading with crevicular fluid volume, although Miyata et al. (19) observed macroscopic
and histological changes (infiltration of inflammatory
cells in connective tissue) in peri-implant tissue after
eliminating occlusal trauma and removing plaque, concluding that the presence of inflammation and occlusal
overloading could play a part in bone loss around dental
implants.
Although this pilot study has its limitations, it may be
concluded that implants subjected to higher occlusal
forces presented significant increases in crevicular fluid
volumes in comparison with implants subjected to lower
occlusal loads. Two months after occlusal adjustment,
when overloading had been eliminated, crevicular fluid
volumes were similar in both groups. These values were
stable at the twelve-month follow-up. Further research
is required with longer follow-up periods and larger
e306
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sample sizes to confirm these results and better evaluate
the influence of occlusal over-loading on peri-implant
soft tissues.
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