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The Effect of Delayed Versus Early Loading on 
Nitric Oxide Metabolism Around Dental Implants:

An 18-month Comparative Follow-up Study
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Purpose: Nitrite is a stable end-product of nitric oxide oxidation. The aim of the present study was to
quantitatively analyze peri-implant sulcular fluid (PISF) nitrite levels in a longitudinal study design to
evaluate the potential changes in nitric oxide metabolism in relation to the clinical status of the peri-
implant site and the loading style of the dental implants. Materials and Methods: A total of 34
implants, either early loaded (EL) or delayed loaded (DL), in 17 patients were followed up for a period
of 18 months. Clinical parameters were recorded, PISF samples were obtained, and PISF nitrite levels
were spectrophotometrically determined. Clinical measurements and nitrite analysis were repeated at
1, 3, 6, 9, 12, and 18 months. Results: Despite the gradual decrease in clinical parameters, fluctua-
tions in PISF total nitrite levels were observed during follow-up. The pattern of nitric oxide metabolism,
as reflected by PISF nitrite levels, also demonstrated differences between EL and DL implants that
diminished toward the end of the experimental period. Discussion: Although the presence of clinical
and subclinical gingival inflammation contributes to the PISF total nitrite levels, nitric oxide metabo-
lism is also associated with healing and bone remodeling, and the pattern of loading seemed to have
an impact on nitric oxide production at dental implant sites. Conclusion: Nitric oxide production at
dental implant sites seems to be tightly regulated to enable the maintenance of peri-implant bone. INT
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The free radical nitric oxide is synthesized from
arginine via the activity of constitutive and

inducible isoforms of nitric oxide synthases (cNOS

and iNOS).1–4 Since nitric oxide is a highly reactive
molecule, it has many potential target molecules and
is involved in the regulation of many physiologic
processes, such as inhibition of platelet adhesion and
aggregation, vasodilation, host defense against infec-
tious agents such as fungi and parasites, neurotrans-
mission, and cell-to-cell communication.1–4 However,
nitric oxide is also regarded as harmful because of its
direct cytotoxic or cytostatic actions, such as stimula-
tion of the release of proinflammatory mediators
such as peroxynitrite, which mediates cytotoxic
effects of nitric oxide, and interleukin-6, tumor necro-
sis factor, and interferon gamma, which are capable
of stimulating nitric oxide production in bone
cells.5–7

The role of nitric oxide in the pathogenesis of
inflammation is well-documented.1–3,7 Various stud-
ies have demonstrated increased iNOS expression in
gingivitis and periodontitis, the contribution of
macrophages and endothelial cells to nitric oxide
production,8,9 and periodontal destruction resulting
from high levels of iNOS from macrophages in local-
ized aggressive periodontitis.5 Polymorphonuclear
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cells have also been reported to express significant
iNOS, and it has been suggested that they act as an
important source of nitric oxide in gingivitis and
localized chronic periodontitis.10

End metabolites of nitric oxide metabolism are
nitrate (formed by reaction with oxyhemoglobin)
and nitrite (formed from spontaneous and rapid
autoxidation reactions in aerobic solutions). While
cNOS isoforms produce low nitric oxide concentra-
tions for a short period of time, iNOS, which is
expressed in response to inflammatory stimuli,
results in the production of high amounts of nitric
oxide production for long periods.1,2,8,10 Thus, autoxi-
dation of nitric oxide is dependent upon its own con-
centration, and the end-product nitrite predomi-
nates at inflammatory sites.11 Unlike its constitutive
forms, the activity of iNOS is not regulated, and
therefore much of the nitrite of body fluids is formed
from oxidation of nitric oxide produced by iNOS.1–3,10

Nitric oxide affects bone cell function, bone main-
tenance, and remodeling.1–3,12 There is considerable
evidence that fluid flow-induced shear stress subse-
quent to mechanical strain or stress rapidly stimulates
nitric oxide release from osteoblasts, preosteoclastlike
cells, and osteocytes.12,13 A nitric oxide precursor (L-
arginine) injection, together with the application of
orthodontic force, results in significant increase in
tooth movement and number of osteoclasts, whereas
an NOS inhibitor (L-NAME) injection reduces tooth
movements.14,15 After rat molar tooth movement,
iNOS activity increases in periodontal ligament and
connective tissue between the roots of the moved
teeth as well as around blood vessels.16,17 This sug-
gests that nitric oxide is an important biochemical
mediator in response of periodontal tissue to ortho-
dontic forces and has a primary role in the bone
remodeling cycle.14–17 With respect to hip replace-
ment and aseptic loosening of orthopedic implants,
moderate increases in the number of immunohisto-
chemically iNOS+ cells have been detected in tissues
containing particulate wear and implant debris, and a
statistical correlation has been found between iNOS
and the severity of osteolysis around prosthetic hip
implants.7 Despite differences in study designs and
purposes, all of these studies support the idea that
nitric oxide plays a role in bone metabolism.7,12–15,17

Based on considerable data suggesting the role of
nitric oxide in the pathogenesis of inflammation and
in bone metabolism, the aim of the present study was
to quantitatively analyze the nitrite levels of peri-
implant sulcular fluid (PISF), a stable end-product of
nitric oxide oxidation, in a longitudinal study design to
evaluate the potential changes in nitric oxide metabo-
lism in relation to the clinical status of the peri-implant
site and the loading style of dental implants.

MATERIALS AND METHODS

Patient Selection and Evaluation
Seventeen completely edentulous patients (9 female,
8 male) seeking prosthodontic rehabilitation were
included in the study. The medical history of these
patients was unremarkable; none were known to have
allergies or metabolic bone diseases. They ranged in
age from 42 to 65 years (mean age, 53 years). Patients
were provided with surgical treatment consisting of
dental implants and, subsequently, a complete
mandibular prosthesis with 2 ball attachments. Ideal
dental implant sites in the anterior mandibular area
were determined by use of dental computerized
tomography (CT ) prior to surgical procedure. All
patients received two 15-mm-long and 3.75-mm-
diameter mandibular endosseous dental implants
(Brånemark System; Nobel Biocare, Göteborg, Swe-
den). The same oral surgeon performed all dental
implant surgery. All patients were advised of the treat-
ment protocol and signed an informed consent form.

Surgical Procedure, Prosthodontic 
Rehabilitation, and Onset of Loading
Local anesthesia was induced in the anterior
mandible with Ultracain D-S (Hoechst Marion Rous-
sel, Frankfurt, Germany). Full-thickness flaps were
reflected, and implant sites were drilled 5 mm ante-
rior to the mental foramina. The locations of the
mental foramina were determined on dental CT
scans obtained prior to the surgical procedure. Fol-
lowing the placement of implants in the sockets, res-
onance frequency analysis was used to evaluate both
implants (Osstell, Integration Diagnostics, Sweden).18

The transducer was mounted on the implants ortho-
radially with the upright part on the oral side and
was tightened with a screw by hand. Implants with a
stability quotient value greater than 65 (ie, those
with high primary stability) were included in the
study to provide a standardized methodology.19 The
flaps were subsequently closed with 4-0 sutures. Fol-
lowing surgery, patients were given a cold compress
extraorally to minimize swelling and bleeding. A
week after surgery, uneventful healing was observed
in all cases.

A total of 34 mandibular dental implants were
randomly divided into 2 groups based on the proto-
col used for loading: the delayed loading (DL) group
(n = 16) or the early loading (EL) group (n = 18). The
EL implants were connected to abutments immedi-
ately after surgery, and a definitive mandibular pros-
thesis was introduced within 5 days. DL implants
were connected to abutments and loaded 3 months
after surgery. All subjects were provided with pros-
theses by the same prosthodontist.
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Clinical Evaluation of Dental Implants
To determine the clinical status of the dental implant
sites, probing depth (PD)20 was measured and Plaque
Index (PI),21 Gingival Index (GI),22 and the Gingival
Bleeding Time Index (GBTI)23 scores were recorded. To
reduce the risk of any mechanical irritation at the sam-
pling site, all clinical measurements were carried out
after PISF sampling.24 For further standardization, all
clinical measurements were performed by the same
periodontist. Clinical measurements were recorded at
1 (baseline), 3, 6, 9, 12, and 18 months of follow-up.

PISF Sampling
PISF samples were obtained using standardized paper
strips (Periopaper no. 593525, Ora Flow, Amityville, NY)
according to the sampling method described by
Rüdin and colleagues.25 Briefly, following the isolation
of the sampling area with cotton rolls, supragingival
plaque was removed, and the site was gently air-dried
to reduce any contamination with plaque and/or
saliva. Special care was taken to minimize the level of
mechanical irritation during PISF sampling, as this is
known to affect the actual fluid volume in a given site.
For sample collection, paper strips were placed at the
entrance of the peri-implant sulcus and were inserted
to a standardized depth (1 mm) at each site regardless
of the PD. A standard sampling time of 30 seconds
was also used. Samples with evidence of gingival
bleeding were not included. These measures were
considered necessary for the standardization of clini-
cal sampling procedure.

To eliminate the risk of evaporation, paper strips
with PISF were immediately transported to a previ-
ously calibrated Periotron 8000 (Ora Flow) for volume
determination. Prior to sampling, the Periotron 8000
was switched on and allowed to warm up. A blank
Periopaper strip was placed in the device, and the
reading dial was set to 0.26 The calibration of the Peri-
otron 8000 was checked at periodic intervals and
performed by triplicate readings as previously
described.27,28 The collected PISF was measured with
the Periotron 8000, and Periotron units were con-
verted to microliters by MLCONVERT.EXE software
(Ora Flow).27 Then, PISF samples were placed in ster-
ile, firmly wrapped Eppendorf tubes and stored at
–20°C until the day of laboratory analysis. PISF sam-
pling was repeated with the same protocol at 3, 6, 9,
12, and 18 months during the follow-up period. The
same periodontist conducted PISF collection for
each patient at each follow-up visit.

Determination and Quantification of Nitrite in
PISF
To each PISF sample in the Eppendorf tube 130 mL
of distilled water was added, and the samples were

vigorously mixed for the extraction of nitrite into
water. Then 100 mL of the extract were mixed with
0.5 mL of freshly prepared Griess reagent. After 10
minutes of incubation at room temperature, the
absorbance of each sample was determined at 540
nm.29 A standard curve was prepared using sodium
nitrite to calculate nitrite concentration in PISF.

Statistical Analysis
SPSS 11.5.0 software for Windows (SPSS, Chicago, IL)
was used for all statistical analysis.

Clinical Parameters. The Shapiro-Wilk test was
used to test the normality of distribution for the total
sample and for DL and EL implants.30 Since data were
not normally distributed, the Friedman test was per-
formed for comparison of all experimental time
points.31 For pairwise comparisons, the Wilcoxon
signed rank test with Bonferroni correction was
used.32

Total Nitrite Levels and Nitrite Concentration. The
Shapiro-Wilk test was used to test the normality of
distribution for the total sample and for DL and EL
implants.30 Since data were normally distributed
(after logarithmic transformation), repeated-mea-
sures analysis of variance (ANOVA) was performed
for the comparison of all experimental time points.33

For pairwise comparisons, the Bonferroni test was
used.33 Further, sphericity assumption was not satis-
factory, and Greenhouse-Geisser correction was used
for total nitrite levels. P values less than .005 were
considered statistically significant for clinical para-
meters, while P values less than .05 were considered
statistically significant for total nitrite level and nitrite
concentration.

RESULTS

The results of the study are summarized in Tables 1
to 3. Descriptive data for clinical parameters and
nitrite levels during 18 months of follow-up are given
in Tables 1a and 1b, 2a and 2b, and 3a and 3b for all
implants, DL implants, and EL implants, respectively.
Comparative statistical analyses and the actual P val-
ues are provided in Tables 1c, 2c, and 3c for all
implants, DL implants, and EL implants, respectively.

Clinical Parameters
All Implants. The highest mean GI score for all dental
implants was found at baseline. Significant reduc-
tions in mean score were observed at all experimen-
tal time intervals (P < .005). PD was signifcantly
reduced at 6, 9, and 12 months compared to baseline
(P = .0001), while GI score was significantly reduced
at 9 and 12 months compared to baseline (P = .001).
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During follow-up no statistically significant differ-
ences were observed for mean GBTI scores; however,
the lowest GBTI score was recorded after 12 months.
When compared to baseline PI scores, PI scores were
not significantly different at any time interval (P >
.005). Stability in all clinical parameters was observed
between 12 and 18 months.

DL Implants. Except for PD and GI, the highest
scores for all clinical parameters were observed at
baseline. A general pattern of decrease was observed
during follow-up. PD was significantly higher at base-
line than at all subsequent experimental time points
(P < .005), except the 18th month. Compared to base-
line, GI scores demonstrated a pattern of decrease
until 12 months. The lowest GBTI and GI scores were
observed at 12 months. Generally, clinical parameters
presented stability between 12 and 18 months.

EL Implants. The highest GI score was demon-
strated at baseline. The lowest mean GI score was
observed at 18 months; this was significantly lower
than the baseline GI score (P = .004). PD decreased at
all time intervals compared to baseline; the difference
between PD at baseline and at 18 months was signifi-
cant (P = .003).The highest mean GBTI score was found
at baseline, and the lowest was observed at 18 months;
mean GBTI scores stayed relatively stable throughout
the 18-month follow-up period. The lowest mean PI
scores were observed at 12 and 18 months. Further, the
PI score demonstrated a pattern of decrease at 18
months compared to all other time intervals (not sig-
nificant; P > .05). Between 12 and 18 months, stability
was observed for all clinical parameters.

Total Nitrite Levels and Nitrite Concentration
All Implants. The mean total nitrite level decreased
from baseline to 3 months; thereafter, the level
remained relatively stable until the 12th month. A
significant decrease was observed at both the 12-
and 18-month follow-ups (P = .0001). The lowest
nitrite levels were observed at the 12th and 18th
months. The lowest nitrite concentration was found
at baseline (P < .05); the concentration increased
over the 18-month follow-up period. Compared to
the baseline level, nitrite concentration was signifi-
cantly greater at the 3-, 6-, 9-, and 12-month follow-
ups (P < .05).

DL Implants. Figure 1 demonstrates the pattern of
nitrite levels increases and decreases for DL implants.
Total nitrite levels demonstrated stability between 1
and 9 months, followed by a significant decrease at
the 12th month (P = .021). The lowest nitrite level
was observed at the 12th month; this decrease was
significant compared to the 1st (P = .021) and 3rd
months (P = .016). Nitrite level remained relatively
stable from 12 to 18 months.

Nitrite concentration was significantly increased at
all time points postbaseline; the increase was signifi-
cant for 3rd month (P = .001). Moreover, nitrite con-
centration was significantly lower at 18 months com-
pared to 3, 6, and 12 months of follow-up (P < .05).

EL Implants. When compared to baseline, a pat-
tern of decrease at the 3rd month was observed in
total nitrite levels, followed by a significant increase
at the 6th month compared to the 3rd month (P =
.018) (Fig 1). The highest nitrite level was observed at
the 9th month, and this increase was significant
when compared to the 3rd month (P = .002). The low-
est nitrite levels were observed at the 12th (P = .047)
and 18th (P = .017) months; nitrite levels at these
points were significantly lower than baseline values.
Total nitrite levels were stable between 12 and 18
months. Generally, nitrite concentration was lowest at
baseline. Nitrite concentration was significantly
greater at the 9-month follow-up (P = .004). Nitrite
concentration dropped at the 18-month follow-up,
although the drop was not statistically significant
compared to 3, 6, 9, and 12 months (P > .05). Interac-
tion between change in time intervals and loading
type was found to be statistically significant for total
nitrite levels (P = .005). However, interaction between
time intervals and loading type for nitrite concentra-
tion was not statistically significant (P = .173).

DISCUSSION

The presence of various cell types; the complexity of
the mechanisms involved in the maintenance of
bone mass, architecture, and remodeling; and the
tight coordination of simultaneous bone formation
and resorption make bone a very complex tis-
sue.3,12,34 In this regard, the impact of a mechanical
stimulus on bone metabolism is of particular con-
cern, since mechanical stimulation is essential for
maintaining the homeostasis and architecture of
bone.3,12,34 Further, bone cells are highly responsive
to mechanical stimuli, as they can be influenced dif-
ferently by fluid shear, tension, and compression.35

Nitric oxide is among the various signaling mole-
cules released in response to strain,35 and bone ana-
bolic responses to mechanical load involve
cNOS.3,12,13 While nitric oxide that diffuses to the
alveolar bone influences osteoclastic differentiation,
nitric oxide–dependent mechanisms also modulate
the function of osteoblasts.14 During orthodontic
treatment, increased tooth movement after nitric
oxide precursor application and reduction of tooth
movement with nitric oxide inhibitors support the
role of nitric oxide in bone remodeling.14,15 As
mechanical strain stimulates NOS activity in
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Table 1a Descriptive Data Regarding Clinical Parameters of All Dental Implants for 18 Months of Follow-up

PI PD (mm) GBTI GI

Mo Mean ± SD Median Min–Max Mean ± SD Median Min–Max Mean ± SD Median Min–Max Mean ± SD Median Min–Max

1 0.8529 ± 1.050 0.125 0.00–3.00 2.3456 ± 0.743 2.125 1.00–3.75 0.4926 ± 0.635 0.00 0.00–2.00 0.9653 ± 0.751 1.00 0.00–2.00

3 1.0143 ± 1.088 1.00 0.00–3.00 1.6857 ± 0.562 2.00 1.00–2.50 0.4763 ± 0.726 0.00 0.00–2.25 0.6571 ± 0.761 0.00 0.00–2.00

6 0.5242 ± 0.895 0.00 0.00–3.00 1.4839 ± 0.547 1.00 1.00–2.75 0.5081 ± 0.662 0.00 0.00–2.25 0.5806 ± 0.699 0.00 0.00–2.00

9 0.5714 ± 0.947 0.00 0.00–3.00 1.5625 ± 0.488 1.50 1.00–2.50 0.4018 ± 0.590 0.00 0.00–1.50 0.4554 ± 0.649 0.00 0.00–2.00

12 0.1875 ± 0.535 0.00 0.00–2.00 1.4062 ± 0.534 1.00 1.00–2.75 0.2891 ± 0.531 0.00 0.00–1.75 0.4453 ± 0.728 0.00 0.00–2.00

18 0.3077 ± 0.751 0.00 0.00–2.00 1.5769 ± 0.534 1.50 1.00–2.50 0.3077 ± 0.597 0.00 0.00–1.50 0.4808 ± 0.780 0.00 0.00–2.00

Table 1b Nitrite Levels of All Dental Implants for 18 Months of Follow-up

Total nitrite level (nmol) Nitrite concentration (nmol/µl)

Months Mean ± SD Median Min–Max Mean ± SD Median Min–Max

1 0.1478 ± 0.046 0.1357 0.085–0.246 0.3980 ± 0.2267 0.3849 0.119–1.118
3 0.1309 ± 0.042 0.1217 0.074–0.280 0.7250 ± 0.4840 0.5939 0.148–2.280
6 0.1334 ± 0.028 0.1357 0.085–0.195 0.9582 ± 0.9460 0.6787 0.247–4.667
9 0.1566 ± 0.053 0.1633 0.065–0.301 0.8826 ± 0.7600 0.6376 0.168–3.564
12 0.1034 ± 0.019 0.1009 0.074–0.143 0.7522 ± 0.6060 0.5568 0.185–2.895
18 0.1131 ± 0.018 0.1128 0.089–0.156 0.6244 ± 0.4978 0.4949 0.145–1.731

Table 1c Comparative Statistical Data Regarding Clinical Parameters and
Nitrite Levels of All Implants During Follow-up

Months

3 6 9 12 18

11
PI 0.5750 0.4020 0.4050 0.0210 0.3060
PD 0.0001* 0.0001* 0.0001* 0.0001* 0.0010*
GBTI 0.4960 0.7200 0.3870 0.0350 0.9090
GI 0.0200 0.0350 0.0040* 0.0010* 0.0130
Total nitrite level 0.6440 1.0000 1.0000 0.0001* 0.0001*
Nitrite concentration 0.0001* 0.0010* 0.0001* 0.0020* 1.0000

33
PI 0.028 0.068 0.002* 0.037
PD 0.147 0.188 0.040 0.659
GBTI 0.897 0.626 0.142 0.600
GI 0.471 0.314 0.143 0.951
Total nitrite level 1.000 1.000 0.970 0.118
Nitrite concentration 1.000 1.000 1.000 0.022*

66
PI 0.905 0.106 0.8540
PD 0.746 0.657 0.0820
GBTI 0.554 0.068 0.8390
GI 0.638 0.406 0.6340
Total nitrite level 1.000 0.001* 0.0001*
Nitrite concentration 1.000 1.000 0.0150*

99
PI 0.003* 0.944
PD 0.348 0.096
GBTI 0.139 0.467
GI 0.329 0.362
Total nitrite level 0.004* 1.000
Nitrite concentration 1.000 0.015*

1122
PI 0.118 
PD 0.018
GBTI 0.053
GI 0.140 
Total nitrite level 1.000
Nitrite concentration 0.015*

Actual P value is given. * Indicates statistical significance.  
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Table 2a Descriptive Data Regarding Clinical Parameters of DL Implants for 18 Months of Follow-up

PI PD (mm) GBTI GI

Mo Mean ± SD Median Min–Max Mean ± SD Median Min–Max Mean ± SD Median Min–Max Mean ± SD Median Min–Max

1 0.8472 ± 1.018 0.625 0.00–3.00 2.4027 ± 0.707 2.375 1.25–3.75 0.5694 ± 0.611 0.500 0.00–1.75 0.9750 ± 0.687 1.000 0.00–2.00

3 0.7375 ± 0.915 0.000 0.00–2.50 1.7875 ± 0.488 2.000 1.00–2.50 0.5875 ± 0.731 0.125 0.00–2.25 0.7375 ± 0.758 1.000 0.00–2.00

6 0.2656 ± 0.478 0.000 0.00–1.25 1.4843 ± 0.566 1.250 1.00–2.75 0.5312 ± 0.729 0.000 0.00–2.25 0.5937 ± 0.644 0.500 0.00–1.75

9 0.5357 ± 0.745 0.000 0.00–2.00 1.4821 ± 0.566 1.375 1.00–2.00 0.6250 ± 0.691 0.375 0.00–1.50 0.5357 ± 0.634 0.125 0.00–1.75

12 0.1250 ± 0.341 0.000 0.00–1.00 1.4843 ± 0.566 1.250 1.00–2.75 0.1250 ± 0.341 0.000 0.00–1.00 0.2812 ± 0.576 0.000 0.00–2.00

18 1.0000 ± 1.154 1.000 0.00–2.00 1.8750 ± 0.478 1.750 1.50–2.50 0.7500 ± 0.866 0.750 0.00–1.50 0.9375 ± 1.087 0.875 0.00–2.00

Table 2b Nitrite Levels of DL Implants for 18 Months of Follow-up

Total nitrite level (nmol) Nitrite concentration (nmol/µl)

Months Mean ± SD Median Min–Max Mean ± SD Median Min–Max

1 0.1408 ± 0.034 0.135 0.085–0.208 0.4136 ± 0.226 0.377 0.153–1.118
3 0.1455 ± 0.049 0.125 0.086–0.280 0.7716 ± 0.526 0.550 0.304–2.280
6 0.1279 ± 0.032 0.127 0.085–0.195 1.2613 ± 1.220 0.796 0.247–4.667
9 0.1392 ± 0.061 0.129 0.065–0.301 0.8712 ± 0.885 0.754 0.168–3.564
12 0.1028 ± 0.019 0.102 0.077–0.143 0.8651 ± 0.522 0.676 0.185–1.930
18 0.1158 ± 0.019 0.118 0.089–0.137 0.3850 ± 0.259 0.348 0.145–0.699

Table 2c Comparative Statistical Data Regarding Clinical Parameters and
Nitrite Levels of DL Implants During Follow-up

Months

3 6 9 12 18

11
PI 0.731 0.298 0.752 0.080 0.316
PD 0.002* 0.004* 0.001* 0.001* 0.095
GBTI 0.860 0.806 0.906 0.010 0.233
GI 0.363 0.219 0.049 0.005 0.813
Total nitrite level 1.000 1.000 1.000 0.021* 0.053
Nitrite concentration 0.001* 0.071 0.151 0.085 1.000

33
PI 0.051 0.253 0.011 0.943
PD 0.056 0.014 0.026 0.323
GBTI 0.813 0.937 0.011 0.236
GI 0.372 0.289 0.032 0.464
Total nitrite level 1.000 1.000 0.016* 0.137
Nitrite concentration 1.000 1.000 1.000 0.013*

66
PI 0.086 0.180 0.006
PD 0.857 0.959 0.009
GBTI 0.573 0.049 0.102 
GI 0.643 0.103 0.189
Total nitrite level 1.000 0.337 1.000
Nitrite concentration 1.000 1.000 0.023*

99
PI 0.014 0.055
PD 0.730 0.007
GBTI 0.017 0.137
GI 0.121 0.065
Total nitrite level 0.807 1.000
Nitrite concentration 1.000 0.560

1122
PI 0.006
PD 0.012
GBTI 0.007 
GI 0.016
Total nitrite level 0.611 
Nitrite concentration 0.035*

Actual P value is given. * Indicates statistical significance.  
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Table 3a Descriptive Data Regarding Clinical Parameters of EL Dental Implants for 18 Months of Follow-up

PI PD (mm) GBTI GI

Mo Mean ± SD Median Min–Max Mean ± SD Median Min–Max Mean ± SD Median Min–Max Mean ± SD Median Min–Max

1 0.8088 ± 1.102 0.000 0.00–3.00 2.2941 ± 0.766 2.00 1.00–3.75 0.5588 ± 0.731 0.00 0.00–2.00 1.0441 ± 0.786 1.000 0.00–2.00

3 1.2205 ± 1.243 1.750 0.00–3.00 1.5441 ± 0.632 1.00 1.00–2.50 0.3482 ± 0.708 0.00 0.00–2.00 0.5441 ± 0.761 0.000 0.00–2.00

6 0.8000 ± 1.146 0.000 0.00–3.00 1.4833 ± 0.546 1.00 1.00–2.25 0.4833 ± 0.608 0.00 0.00–1.50 0.5666 ± 0.776 0.000 0.00–2.00

9 0.5312 ± 1.083 0.000 0.00–3.00 1.5937 ± 0.515 1.50 1.00–2.50 0.2500 ± 0.483 0.00 0.00–1.50 0.4375 ± 0.727 0.000 0.00–2.00

12 0.2352 ± 0.664 0.000 0.00–2.00 1.3382 ± 0.522 1.00 1.00–2.50 0.3382 ± 0.572 0.00 0.00–1.75 0.4705 ± 0.780 0.000 0.00–2.00

18 0.0000 ± 0.000 0.000 0.00–0.00 1.5000 ± 0.547 1.50 1.00–2.00 0.1666 ± 0.408 0.00 0.00–1.00 0.4166 ± 0.664 0.250 0.00–1.75

Table 3b Nitrite Levels of EL Dental Implants for 18 Months of Follow-up

Total nitrite level (nmol) Nitrite concentration (nmol/µl)

Months Mean ± SD Median Min–Max Mean ± SD Median Min–Max

1 0.1578 ± 0.053 0.144 0.086–0.246 0.3711 ± 0.225 0.342 0.119–0.848
3 0.1112 ± 0.021 0.110 0.074–0.144 0.6310 ± 0.422 0.579 0.148–1.838
6 0.1391 ± 0.024 0.135 0.102–0.191 0.6350 ± 0.327 0.543 0.266–1.364
9 0.1649 ± 0.043 0.176 0.086–0.221 0.8506 ± 0.623 0.550 0.234–2.302
12 0.1086 ± 0.023 0.108 0.074–0.156 0.7653 ± 0.740 0.474 0.196–2.895
18 0.1049 ± 0.007 0.105 0.095–0.113 0.4450 ± 0.141 0.429 0.272–0.653

Table 3c Comparative Statistical Data Regarding Clinical Parameters and
Nitrite Levels of EL Dental Implants During Follow-up

Months

3 6 9 12 18

11
PI 0.211 0.786 0.645 0.131 0.017
PD 0.004* 0.012 0.006 0.005 0.003*
GBTI 0.400 0.823 0.150 0.228 0.084
GI 0.018 0.084 0.029 0.027 0.004*
Total nitrite level 0.112 1.000 1.000 0.047* 0.017*
Nitrite concentration 0.410 0.116 0.004* 0.188 1.000

33
PI 0.218 0.302 0.035 0.006
PD 0.692 0.841 0.261 0.572
GBTI 0.753 0.528 0.906 0.340
GI 0.905 0.698 0.721 0.152
Total nitrite level 0.018* 0.002* 1.000 1.000
Nitrite concentration 1.000 1.000 1.000 1.000

66
PI 0.504 0.167 0.0170
PD 0.524 0.473 0.8420
GBTI 0.234 0.418 0.1060
GI 0.858 0.964 0.5000
Total nitrite level 1.000 0.001* 0.0001*
Nitrite concentration 1.000 1.000 1.0000

99
PI 0.066 0.0410
PD 0.249 0.5970
GBTI 0.553 0.7260
GI 0.943 0.5270
Total nitrite level 0.025* 0.0001*
Nitrite concentration 1.000 0.1370

1122
PI 0.157 
PD 0.705
GBTI 0.389
GI 0.752
Total nitrite level 1.000
Nitrite concentration 1.000

Actual P value is given. * Indicates statistical significance.  
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osteoblasts and osteocytes,12,34 shear stress rapidly
stimulates cNOS in osteoblasts. The small amounts of
nitric oxide produced by osteoblasts act as an
autocrine stimulator of osteoblast growth,3 and nitric
oxide serves as an essential regulatory molecule in
both bone formation and resorption induced by
mechanical stimuli.14,15,36 Nitric oxide is an important
autocrine/paracrine factor modulating the process of
bone remodeling and is essential for mechanically-
induced anabolic bone response.12,36

When all dental implants, including DL and EL
implants, were examined, generally a gradual
decrease in all of the clinical parameters was
observed during follow-up. This can be interpreted as
a sign of uneventful healing and clinical improvement
at the peri-implant sites. However, such a gradual
trend of decrease was not observed for the mean
total nitrite levels, which presented clear fluctuations
throughout the follow-up period. A reduction at the
3rd month was followed by relative stability until the
6th month and a slight increase at the 9th month. Sig-
nificant reductions were then observed at the 12th
and 18th months, and these experimental time points
provided the lowest levels. When the potential source
of nitrite in PISF is questioned, the contribution of gin-
gival inflammation cannot be excluded. As cNOS is
involved in short-lasting and low-level synthesis of
nitric oxide, iNOS is responsible for long-lasting and
high-level synthesis, and autoxidation of nitric oxide is
dependent upon its own concentration, the end-
product nitrite predominates at inflammatory sites.11

Unlike constitutive forms, the activity of iNOS is not
regulated, and therefore much of the nitrite of body
fluids is formed from the oxidation of nitric oxide pro-
duced by iNOS.1,2,10 iNOS is shown to be expressed in
bone only in response to inflammatory stimuli3 and
PISF nitrite levels were suggested to depend on the
severity of gingival inflammation at the dental
implant sites.37 Although severe gingival inflamma-
tion was not present at any experimental time period,
the presence of slight clinical inflammation and asso-

ciated subclinical inflammation at the peri-implant
sites needs to be considered as a contributor of PISF
nitrites to a certain extent, via the activity of iNOS.3

However, because of the presence of cNOS in
bone tissue, this does not seem to be the sole source.
The role of the widely expressed endothelial NOS
(eNOS) includes modulation of the effect of mechan-
ical loading on the skeleton to promote bone forma-
tion and suppress bone resorption.3 Many previous
studies have proposed an increase in nitric oxide
production in bone remodeling and bone repair,
mechanical loading, mechanical strain and shear
stress, and the nitric oxide-dependent activities of
osteoblasts and osteoclasts.3,12,14,17,34-36,38,39 Defec-
tive bone formation and osteoporosis have occurred
in eNOS knockout mice,3 and the impact of loading
of dental implants on nitric oxide metabolism has
also been demonstrated previously.37 Together with
these studies, the fluctuations of PISF total nitrite lev-
els observed in the present study suggest bone tis-
sue and metabolism as an important source of the
nitrite content of PISF.

There is considerable evidence that fluid flow-
induced shear stress rapidly stimulates nitric oxide
release from osteoblasts, preosteoclastlike cells, and
osteocytes in response to mechanical strain or stress
during bone remodeling.12,13 Fluid flow-induced
shear stress has been shown to induce nitric oxide
production and thus to play a primary role in bone
maintenance and remodeling.12 Therefore, the pre-
sent longitudinal study of dental implants supports
the suggestions that nitric oxide plays a role in bone
metabolism14,16,38 and that force application has a
clear impact on nitric oxide metabolism and bone
remodeling.3,12,14,34–36,38,39

As nitric oxide is involved in both bone formation
and bone resorption, and the role of nitric oxide in
bone remodeling may be concentration-depen-
dent,3,35 tight regulation of nitric oxide production is
needed.3 It has been shown that osteoblasts and
osteocytes under noninflammatory conditions
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Fig 1 Total nitrite levels (nmol) of DL and EL
dental implants for 18 months of follow-up.
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express only the cNOS isoform. Mechanical loading
results in a greater increase in nitric oxide production
in osteocytes than in osteoblasts; this supports the
notion that osteocytes are the principal cells that
react to the mechanical stress in bone.3 Furthermore,
high nitric oxide levels have been shown to inhibit
bone resorption and formation and may act to sup-
press bone turnover in the presence of severe inflam-
mation, indicating a regulatory function in bone
maintenance.3 Thus, the pattern of PISF nitrite levels
may reflect the presence of a mechanism for the regu-
lation of nitric oxide production through the
processes of bone repair, bone remodeling, and adap-
tation to forces that enables the maintenance of the
supporting bone around dental implants. The signifi-
cant reduction of nitrite levels at the end of the exper-
imental period, together with the relative stability
between 12 and 18 months, may be interpreted as a
reflection of the achievement of stability in nitric
oxide metabolism around dental implants regardless
of the timing of loading of dental implants. It seems
that despite the clearly apparent clinical improve-
ment of peri-implant sites and stability of dental
implants during the first year postplacement, more
time (ie, 12 to 18 months) is required for the stability
of nitric oxide metabolism at the tissue level.

Although the lowest levels of total nitrite levels
were observed at the 12th and 18th months for both
DL and EL implants, the nitric oxide metabolism pat-
tern was different for the 2 dental implant groups
regarding the experimental time intervals. In general,
stability between 1 and 9 months, followed by a sig-
nificant decrease at the 12th month, was observed
for DL implants. However, EL implants presented a
pattern of decrease at the 3rd month followed by an
increase at month 6, and again the same pattern of
increase at the 9th month compared to the 6th
month. While orthodontic forces may induce the for-
mation of cNOS and iNOS during the early phases of
orthodontic treatment,38 occlusal force was shown
to have a significant place in the formation of NOS,
since occlusal forces were shown to induce the for-
mation of NOS expression in the periodontal liga-
ment compared to a group in which occlusal forces
were eliminated.17 Based on the well-demonstrated
impact of force and mechanical stimulus on bone
and nitric oxide metabolism,3,12,14,16,34,36 the differ-
ence in the pattern of EL and DL implants may be
attributed to the differences in the timing of
prosthodontic rehabilitation and the subsequent
application of occlusal forces.

However, despite the different patterns, compara-
ble total nitrite levels in PISF were achieved in both
implant groups at the end of the follow-up period,
and the stability observed between 12 and 18

months may indicate the diminishing of differences
between the patterns and the presence of stability in
nitric oxide metabolism at the tissue level, regardless
of the differences in the treatment models. Moreover,
the interaction between time intervals and loading
demonstrated statistical significance for total nitrite
levels, where nitrite concentration did not present
any significance except from baseline to 3 months.
Conversely, many studies are available that highlight
the discrepancy between the total amount and con-
centration as modes of data presentation for various
gingival crevicular fluid components and the clear
impact of the fluid volume on the concentration
expression.40,41 The findings of the present study
confirm a discrepancy between the 2 modes of data
presentation for PISF nitrite levels. However, the sta-
tistically significant interaction demonstrated
between loading and time intervals for total nitrite
levels may emphasize the importance of total activ-
ity of biologic markers in PISF.

Aurer and colleagues42 reported on the difficulty
of direct measurement of nitric oxide from body flu-
ids because of the reactivity of nitric oxide and its
short life but introduced measurement of nitrite as a
much easier method.42 This was the reason that the
stable end-product nitrite was preferred as the mea-
sure of nitric oxide metabolism in the present study.
However, analysis of nitrite in PISF can only serve as a
general measure of nitric oxide metabolism around
dental implants, as the availability of cofactors may
limit enzyme activity so that the amount of nitrite
does not always reflect the amount of the present
NOS.3 Further studies that differentiate between vari-
ous isoforms of NOS and analysis of the role of nitric
oxide precursors and inhibitors may help to clarify
the distinct role of nitric oxide in bone metabolism
around dental implants.

CONCLUSIONS

The findings of the present longitudinal study sug-
gest that nitric oxide is involved in bone repair and
remodeling around dental implants, that mechanical
loading influences nitric oxide metabolism, and that
nitric oxide production at dental implant sites is
closely regulated.
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