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ABSTRACT

Purpose: Early detection of healing complications after placement of dental implants is a pressing but elusive goal. This
paper proposes a non-invasive diagnostic tool for monitoring healing- and peri-implant disease specific genes, comple-
mentary to clinical evaluations.

Material and Methods: Eighteen partially edentulous patients were recruited to this pilot study. Three Brdnemark TiUnite®
implants/patient (Nobel Biocare) were placed in a one-stage procedure. Abutments with smooth or rough (TiUnite®) surface
were placed. The test group (1 = 9) received fixed bridges (immediate loading), whereas the control group (n = 9) implants
were loaded 3 months after surgery. In addition to clinical measurements, crevicular fluid was collected using paper strips at
the implant abutments 2, 14, 28, and 90 days postoperative. mRNA was extracted, purified, and converted to cDNA.
Quantitative PCR assays for IL-1f3, TNF-a, Osteocalcin (OC), Alkaline Phosphatase (ALP), Cathepsin K, Tartrate Resistant
Acid Phosphatase, and 18S ribosomal RNA were designed and validated. Relative gene expression levels were calculated.

Results: One implant was lost in the control group and three in the test group. In one test patient, one implant showed
lowered stability after 2 to 4 weeks and was unloaded. Later implant stability improved which allowed for loading after 3
to 4 months. TNF-o and ALP most commonly showed correlation with clinical parameters followed by IL-1§ and OC. The
strongest correlation was found for TNF-o with clinical complications at 2 and 14 days (p =.01/r = —048, and p = .0004/
r =—0.56, respectively; test and control groups together). In some cases, gene expression predicted clinical complications
(TNE-a, ALP, CK).

Conclusion: This study is based on samples from few individuals; still, some genes showed correlation with clinical findings.
Further studies are needed to refine and optimize the sampling process, to find the appropriate panel, and to validate gene
expression for monitoring implant healing.
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INTRODUCTION

Early detection of healing complications after placement
of dental implants is a pressing but elusive goal. At
present, clinical diagnostic parameters include probing
of the peri-implant mucosa. In addition, implant stabil-
ity is most commonly assessed by percussion although
some more objective stability tests are available, for
example, Periotest™"and Oss-Tell™ (resonance fre-
quency analysis [RFA]).” Of these, RFA has been thor-
oughly studied and validated to removal torque testing
in in vitro and animal models.*”® In addition, clinical
reports have demonstrated the benefits of this technique
especially in compromised implant cases or when
immediate or early implant loading is performed.'®"
Various techniques have been used to analyze the
molecular activities in the peri-implant crevicular fluid
(PICF) as well as in the gingival crevicular fluid (GCF).
In PICF, on the protein level; enzyme-linked immun-
osorbent assays (ELISA),"*™” Periocheck®, a colorimet-
ric technique assessing neutral proteolytic enzyme

1922 radioimmunoas-

(NPE) activity,'"® immunoblotting,
say,” and spectrophotometric techniques* have been
used. On the gene expression level, semi-quantitative
RT-PCR has been used.”

Quantitative polymerase chain reaction (qPCR)
represents a promising new tool to analyze and quantify
spatially and temporally the biological processes in bone
at a high level of precision and accuracy.” It has been
used in many in vitro studies in relation to bone cells,

263%nd also in recent in vivo studies.’'™*

forexample,
However, no studies using qPCR are available on analy-
sis of neither PICF or GCF in general, or of inflamma-

tion or healing-in of implants.

The aim of the present study was to test qPCR as a
non-invasive diagnostic tool for the monitoring of
healing-specific and peri-implant disease specific genes
as a complement to clinical evaluations.

MATERIALS AND METHODS

Patients

Eighteen partially edentulous patients, selected to take
part in a prospective randomized controlled trial on
immediate and delayed loading of dental implants,™
were consecutively recruited to this pilot study. Briefly,
the patients, in need of implant-supported fixed con-
structions, were referred to the Department of Pros-
thetic Dentistry at the Institute for Postgraduate Dental
Education, Jonkoping, Sweden. At the examination
before implant treatment, the patients were thoroughly
informed orally and in writing about the study’s
purpose and procedures and about possible risks, and
thereafter signed an informed consent. All patients had
been dentally pretreated before participation in the
study. The study was approved by the Ethics Committee
for Research at Linkoping University, Sweden (Dnr.
M102-05).The study outline is showed in Table 1.

Single-Stage Implant Surgery and
Prosthetic Treatment

Local anesthesia was administered using Xylocain
Dental Adrenalin 2%, 12 pg/mL (Dentsply, Skarpnick,
Sweden). A crestal incision was followed by elevation of
mucoperiosteal flaps buccally and lingually. Preparation
of implant sites were done under thorough rinsing with
sterile saline. Three implants (Branemark System MKIIT
TiUnite; Nobel Biocare, Gothenburg, Sweden) were

TABLE 1 Study Outline

Day 0 Day 2

Day 14

Day 28 Day 90

Implant surgery and Test group: ISFB

abutment placement (immediate loading)
(1 rough, 1 smooth)

Clinical peri-implant Clinical peri-implant

Clinical peri-implant

Control group: ISFB
(delayed loading)

Clinical peri-implant Clinical peri-implant

measurements measurements measurements measurements measurements
RFA RFA RFA RFA RFA
Radiographs Radiographs

PICF sampling

PICF sampling

PICF sampling PICF sampling

ISFB = implant supported fixed bridge.
RFA = resonance frequency analysis.
PICF = peri-implant crevicular fluid.
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placed in each patient. After randomization, two
implants were fitted with titanium abutments (MUA™,
Nobel Biocare): one abutment with a roughened surface
(TiUnite®) and one abutment with a conventional
smooth surface. Additionally, one implant received a
healing abutment. Flaps were relocated using Vicryl®
sutures (Johnson & Johnson, Solna, Sweden). Antibiot-
ics were prescribed postoperatively (either Kavepenin
2g X2 X 5; AstraZeneca AB, Sodertilje, Sweden or
Dalacin 300 mg X 2 x 5; Pfizer AB, Téby, Sweden). The
patients were instructed to refrain from mechanical
brushing in the operated area and instead rinse with
chlorhexidine 0.1% (Hexident, Ipex Medical AB, Solna,
Sweden) for 4—6 weeks. At the randomization, nine
patients were allocated to immediate loading (test
group) and the other nine patients to delayed loading
(control group). In the test patients, an impression was
carried out immediately after surgery and 2 days post-
operatively, a fixed dental prosthesis (FDP) was placed
onto the implants. The implants in the control patients
were not loaded until 3 months after surgery.

Sampling Procedure

Crevicular fluid was collected using standardized paper
strips (Periopaper™, Proflow, Amityville, NY) at the
implants provided with abutments from each patient 2
days, 14 days, 28 days, and 90 days after surgery. Healing
caps and FDPs were removed and cotton rolls were
applied to avoid saliva contamination in the sampling
area. One strip at each site was inserted in the crevice at
the mesial side of the abutment for 1 minute and there-
after placed in RNALater (Ambion, Applied Biosystems,
Austin, TX, USA). After a wash-out period of 2 minutes,
the sampling procedure was repeated. The sampling
procedure had previously been tested in different clini-
cal settings according to the literature.

qPCR

Figure 1 is a flow chart of the preparation for qPCR.
RNA from cells attached to the strips was extracted and
purified using Qiagen RNeasy Micro kit (Qiagen AB,
Hilden, Germany) according to the manufacturer’s
instructions. Carrier RNA included in the kit was used
to minimize losses of RNA during extraction. RNA was
converted to cDNA using Bio-Rad iScript cDNA syn-
thesis kit (Bio-Rad Laboratories Inc., Hercules, CA,
USA) according to the manufacturer’s instructions
using 7.5 uL of the RNA. The ¢cDNA was diluted to

100 pL in UltraPure water (Invitrogen Corp., Carlsbad,
CA, USA). Quantitative PCR assays for IL-1f, TNF-q,
Osteocalcin (OC), Alkaline Phosphatase (ALP), Cathe-
psin K (CK), TRAP, and 18S ribosomal RNA were
designed and validated. Primers were designed using
the Primer3 website (http://fokker.wi.mit.edu/primer3/
input.htm). The PCR product was verified on a 1.5%
agarose gel and PCR efficiency was validated using
dilution series. Bio-Rad SYBR Supermix (Bio-Rad
Laboratories Inc.) and 2 pL of cDNA template together
with 0.4 UM of forward and reverse primer was used in
the quantitative PCR. Each ¢cDNA sample was quanti-
fied in duplicate. The temperature protocol for each
assay was: enzyme activation 3 minutes at 98°C, fol-
lowed by 45 cycles of 20 seconds at 98°C, 20 seconds at
60°C, and 20 seconds at 72°C. Fluorescence detection
was performed in the FAM/SYBR channel in the 72°C
step. Experiments were performed on the Light Cycler®
480 (Roche, Penzberg, Germany). After amplification,
a dissociation/melting curve was generated to verify
that specific products were generated. Relative gene
expression levels were calculated by normalizing gene
expression of each gene using 18S ribosomal RNA and
the AACt method™” using 90% efficiency for each
assay.

Microscopic Analyses. In three test and two control
patients, additional strips were taken at 2 days and 14
days for light (LM) and scanning electron (SEM)
microscopy. In brief, strips were put into 4% paraform-
aldehyde immediately after sampling. The specimens
were then dehydrated and either embedded in epoxy
resin (Agar 100, Agar Scientific Ltd., Stanstead, UK),
followed by sectioning (0.5 wm) and examined under a
light microscope or treated with the OTOTO method,”
dried with hexamethyldisilazane and examined in a
Zeiss 982 SEM (Oberkochen, Germany).

Clinical Assessments

Parallel to these analyses, clinical measurements were
done during the study period. Among these, the follow-
ing parameters were chosen for comparison with qPCR
gene expressions:

+  Bone quality (BQ) acc to Lekholm and Zarb.?®

+ Wound healing index (WHI) according to Wachtel
and colleagues™ as follows: 1: complete flap closure
— no fibrin line in the interproximal area; 2:



726 Clinical Implant Dentistry and Related Research, Volume 14, Number 5, 2012

Conservation in
case of transportation
of sample

Sampling —» E\

Filter strip

Reagents for RNA
extraction

RNA extraction
and purification

Preservation buffer

Reagents for cDNA synthesis

cDNA

Figure 1 Flow-chart on preparation of samples for qPCR.

complete flap closure — fine fibrin line in the inter-
proximal area; 3: complete flap closure — fibrin clot
in the interproximal area; 4: incomplete flap closure
— partial necrosis of the interproximal tissue; 5:
incomplete flap closure — complete necrosis of the
interproximal tissue.

+  Sulcular bleeding (SB; peri-implant mucositis).*’
Score 0: No bleeding when a periodontal probe
is passed along the mucosal margin adjacent
to the implant. Score 1: Isolated bleeding spots
visible. Score 2: Blood forming a confluent
red line on margin. Score 3: Heavy or profuse
bleeding.

+  Bleeding on probing to the bottom of the pocket
(BoP) was recorded. A mm-graded pocket probe
(PCP UNC-15 Hu-Friedy, Chicago, IL, USA) was
used. Bleeding was assessed as follows: 0 = no bleed-
ing, 1 = minute (slight) bleeding from the pocket,
2 = abundant bleeding.

E z Analysis of data

Results

+  RFA as expressed as ISQ (Implant Stability Quo-
tient) values.!'*!

+  Implant complications—COMPL (ie, bone dehis-
cence at the implant surface at surgery, rotation
instability of implant, loose implant or implant

removal).

Statistical Analyses

Data were analyzed using a calculation software
(Microsoft Excel, Microsoft Corp., Redmond, WA,
USA) and a statistics software (SPSS 13.0, SPSS inc.
Chicago, IL, USA).The Mann-Whitney test was carried
out for comparison of gene expression between abut-
ments with rough or smooth surfaces and between
treatment with immediate or delayed loading of
implants. Spearman rank correlation test was executed
to find correlation between gene expressions and clini-
cal parameters. Here, test and control groups were
analyzed together.
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RESULTS

In all, four implants were lost during the study. One
implant was lost in the control group after 14 days. One
patient in the test group lost one implant after 28 days.
Another patient in the test group showed two unstable
implants (both with abutments) that were removed after
90 days. Further, in one test patient, one implant showed
lowered stability after 14-28 days and was, therefore, left
unloaded. After this intervention the implant stability
improved which later allowed for full loading after 3—4
months.

At sampling two days postoperatively, a consider-
able flow of PICF was seen at most sites. Gradually, this
flow was reduced at the following sampling time-points.
At day 90, hardly any fluid could be clinically detected.

Microscopic Findings

Sectioned strips analyzed by LM showed relatively large
quantities of cells at the rim of the strips (Figure 2A) but
some of the cells had also penetrated into the cellulose
mesh. Most of these cells were granulocytes/monocytes,
but occasional cells with mesenchymal morphology
were also recorded (Figure 2B). SEM analysis showed
the same appearance with cells entrapped in the cellu-
lose fiber network of the strips. The most common cells
were erythrocytes followed by platelets. However, granu-
locytes and larger cells were also observed and sur-
rounded by fibrin (Figure 2C). No attempts were made
to elucidate the number of cells at different time points.

gPCR Analysis

No difference was found between the duplicate mea-
surements at each interval. The relative expression of the
different genes in the panel are shown in Table 2 and
Figure 3. In general, gene expressions for IL-1f3, TNF-o,
and ALP were found to be much higher than for OC,
CK, and TRAP (Table 2). Initially, TNF-o. was highly
expressed and thereafter gradually decreased while OC
and ALP slightly increased over time. No clear picture of
the spatial changes were found for IL-18, ALP, CK, and
TRAP. The following is a short summary of findings for
the particular genes:

IL-1B. Two days postoperatively, significantly higher
expression was found at smooth abutments in the
unloaded group, while no other significant differences
were found at any time point.

Figure 2 (A) LM image of filter strips after insertion in a
peri-implant crevice for 60 seconds. Cells penetrating the rim of
the cellulose filter strip. (B) Higher magnification of Figure 3A.
Most of the cells are granulocytes/monocytes but occasional
cells with mesenchymal morphology are also found. (C) SEM
images of filter strips after insertion in a peri-implant crevice
for 60 seconds. An erythrocyte and a thrombocyte are shown
attached to the fibrin mesh. Magnification x 7250.
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Delayed Loading

Immediate Loading

14 Days n 28 Days n 90 Days n 2 Days n 14 Days n 28 Days n 90 Days n

n

2 Days

Abutment

Gene

7

8 659.3 (226.3) 9 675.6 (382.4)

8 477.4 (176.9)

4 1140.1 (1041.7) 4 1453.0 (1173.5) 4 1272.5 (417.2)

225.5 (225.2)

5

107.2 (105.7)
314.9 (287.8) 6 1341.1 (1341.0) 2

Smooth
Rough

IL-1B

8 579.3 (144.6) 8

8 438.1 (168.7) 9 438.9 (151.5)

976.6 (427.3)
87.0 (43.3)
49.9 (30.7)

4
3
4
3
4
4
4
3
4
3
4

294.0 (99.6)

3
4
4
2
3
4
4
3
3
4
3

251.8 (126.7)

7
7
5
5
6
8
5
5
7
6

5.1 (1.1)

17.5 (8.2)

9
8
7
5
9
8
5
5
7
8

13.7 (5.8)
13.2 (4.8)
3.5 (1.0)
3.1 (0.9)

22.3 (15.8)

8
9
5
9
8
9
3
6
8
9

11.9 (7.3)
20.2 (7.5)

8
8
4
3
8
8
3
3
4
7

12.1 (6.7)

17.7 (11.9)
11.6 (7.8)

4
4
3
2
4
3
3
2
4
4

12.5 (4.2)
67.5 (40.9)

5
6
5
4
5
6
4
4
4
6

59.4 (29.4)
99.4 (56.8)

Smooth
Rough

TNEF-o

15.5 (13.1)
4.8 (2.6)
2.6 (1.2)
5.3 (3.6)
45 (1.2)

1.7 (0.3)
43.6 (29.6)
13.7 (9.9)
27.2 (9.9)

1.1 (0.3)
9.2 (2.9)

3.7 (1.4)

1.9 (0.5)
1.5 (0.6)
11.3 (9.7)

1.0 (0.2)

1.5 (0.4)
2.6 (1.2)
22.7 (0.8)

Smooth
Rough

(0]@

1.7 (1.4)
14.5 (4.3)
13.5 (3.4)

(0.3)
20.0 (11.5)

0.8

7.1 (1.4)

15.9 (4.9)
20.1 (17.7)

Smooth
Rough

ALP

8.8 (3.1)
2.1 (0.8)
5.3 (2.3)
4.9 (3.0)
2.6 (0.6)

13.0 (10.4)
36.0 (34.5)

7.0 (3.5)

11.9 (10.3)

32.8 (15.0)

7.0 (3.9)
26.4 (22.9)

3.6 (1.3)
2.1(0.2)

18.9 (17.4)
1.1 (0.4)
3.5 (1.5)

2.1 (0.4)
2.2 (0.8)

Smooth

Rough

Cathep-sin K

16.9 (12.2)

1.3 (0.5)
11.4 (9.0)

0.6 (0.2)
6.5 (0.4)
3.1(0.8)

2.8 (0.7)
13.3 (8.7)

1.9 (0.5)
15.8 (8.0)

1.6 (0.7)
3.1 (1.0)

1.5 (0.7)
2.6 (1.0)

Smooth
Rough

TRAP

1.2 (0.2)

1.7 (0.3)

TNF-o. No significant differences were found, neither
between smooth and rough abutments nor between
immediately loaded and unloaded implants. In the test
patient where two implants were found unstable at 90
days, TNF-o expression showed a sharp increase at this
time point, as shown in Figure 4.

OC. At rough abutments, unloaded implants showed
significantly higher OC expression than immediately
loaded implants at 14 days. In the unloaded implants,
OC expression was significantly higher at rough than at
smooth abutments at 14 days.

ALP. At rough abutments, ALP was significantly higher
expressed after 90 days at unloaded implants. No other
differences were found significant for this gene.

Cathepsin K. Significantly higher expression for delayed
than for immediate loading was found at rough abut-
ments at 14 days, while no other differences were found.

TRAP. At unloaded implants, rough abutments showed
significantly higher expression than smooth abutments
at 14 days.

Correlation Analyses — Significant Findings

IL-1B. RFA correlated with IL-1B at 2 days (p =.013/
r=0.47). COMPL correlated with IL-1f at 14 days
(p=.025/r=0.47), 28 days (p = .039/r =—-0.42).

TNF-c. Correlation was found with COMPL at 90 days
(p =.05/r=-0.43). In addition, correlations were found
with TNF-o at 2 and 14 days with COMPL at 90 days
(p=.01/r=-0.48 and p =.004/r =—0.56, respectively),
at 28 days with WHI at 2 days (p =.033/r =-0.43), and
at 90 days with RFA at surgery (p =.038/r =—0.46).

OC. OC correlated with BQ at 28 days (p=.038/
r=0.51). Also, correlation was found with RFA at 14
days (p =.041/r=0.50).

ALP. Correlations were found with WHI at 2 days
(p=.029/r=-0.42). In addition, correlations were
found at 90 days with WHI at 2 days (p = .046/r = —0.43)
and at 28 days with RFA at surgery (p =.034/r=0.43),
RFA at 2 days (p=.023/r=0.45), and at 28 days
(p=.030/r=0.44). At 14 days, correlation was found
with COMPL at 90 days (p =.022/r =—0.46).
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Figure 3A-F Graphical illustrations of gene expression at rough/smooth abutments and immediate/delayed loading. (A)
interleukin-1f (IL-1B), (B) tumor necrosis factor-o (TNF-a.), (C) osteocalcin (OC), (D) alkaline phosphatase (ALP), (E) cathepsin K

(CK), (F) tartrate resistant acid phosphatase (TRAP). Bars = SEM.
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Figure 3A-F Continued

CK. At 2 days, correlation was found with COMPL
(p=.038/r=-0.56). At 90 days, correlation was found
with BoP (p =.036/r =—0.51). Correlations were found
at 14 days with COMPL at 90 days (p =.016/r =—0.63),
and at 28 days with WHI at 2 days (p =.007/r = —0.64).
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TRAP. Correlations were found at 90 days with BQ
(p=.014/r=0.54), and BoP (p=.025/r=-0.50). In
addition, correlations were found at 2 days with COMPL
at 90 days (p = .052/r = 0.43), and at 28 days with RFA at
surgery (p =.049/r=-0.76).
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Figure 3A-F Continued

DISCUSSION

In general, gene expression for IL-1f3, TNF-c, and ALP
were found much higher than for OC, CK, and TRAP
(Table 1). Initially, TNF-o. was highly expressed, and
thereafter gradually decreased, while OC and ALP
slightly increased over time. No clear picture of the
spatial changes were found for IL-1B, CK, and TRAP.
Albeit significant differences of gene expression were
found at some occasions (higher OC at 14 days at rough
than at smooth abutments, higher ALP at 90 days at
unloaded than immediately loaded rough abutments,
higher TRAP at unloaded rough than at unloaded
smooth abutments at 14 days), no pattern was revealed
comparing rough and smooth abutments or immedi-
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ately loaded and unloaded (non-submerged) implants.
Most likely, this can be explained by the relatively few
number of samples at each time point, as well as large
variations. Significantly higher expression was found for
IL-1B at 2 days between test and control group for
smooth abutments. This finding is difficult to explain
because no loading had been instituted before sampling
at day two. Whether this is related to shortcomings in the
sampling procedure, the further analysis or by chance
cannot, at present, be determined.

In one patient exhibiting unstable implants at 90
days, TNF-o. was much higher expressed at 90 days than
at the earlier assessments (Figure 4). However, the time
gap between the two last assessments is considerable;
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Figure 3A-F Continued

why it cannot be ruled out that this high expression
might have been found earlier and, therefore, could have
predicted the clinical complication. Interestingly, the
initial values for this patient were much lower than the
mean TNEF- o-values and, conversely, the 90-day value
was much higher than average.

Correlation was revealed with gene expression and
clinical parameters at different time points. Of these,
WHI, RFA, and COMPL displayed more correlations
with gene expression than the other parameters and
showed frequent correlations with ALP, TNF-o, and
IL-1B. COMPL showed correlations with all studied
genes at at least one time point. ALP, TNF-q,, and IL-1f
were most commonly correlated with clinical param-
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eters. The strongest correlations were found for TNF-o
at 2 and 14 days with COMPL at 90 days. Hence, in the
present study, some gene expressions even predicted
complications (TNF-o at 2 and 14 days, and ALP and
CK at 14 days).

To our knowledge, this pilot study is the first
attempt to apply qPCR gene expression analysis of peri-
implant crevicular fluid in a clinical prospective implant
investigation.

The perio paper strips were originally designed to
collect crevicular fluid for further analysis of polypep-
tides, proteins and other molecules by, e.g. ELISA tests.
In the present study, they appeared feasible also to
collect cells in the crevicular area of dental implants.
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Light microscopic and SEM analyses detected leuko-
cytes, erythrocytes, and thrombocytes at the surface of
the strips. However, the amount of cells was mostly low
at all collection time points. Besides this low amount of
cells, gene expression was possible to detect by qPCR,
confirming the high sensitivity of the method.*™* As a
rule, a larger amount of cells will generate a higher gene
expression,* however, as found in the present study,
even extremely small cell samples can give rise to detect-
able gene expression. Also, the intensity of the specific
expression, not only the number of cells, are crucial for
an accurate result. In general, a larger variation is gained
with few target mRNA copies, and it is the number of
these copies that determines the result. To have a precise
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answer to this, a fluorescence-activated cell sorting
analysis must be carried out exploring the relative
amount of expression of, for example, TNF-a that can
be found in an osteoclast. Questions may be raised that
the number of observations at some time-points were
too few to allow any conclusions, however one explana-
tion could be that none of the specific cells were present,
and, accordingly no gene expression was accessible.
Hence, the various amounts of observations may repre-
sent a natural biological variation of gene expression
during wound healing among individuals, and hence,
the described sampling technique may represent the
lower limit of what can be measured. Further studies
must be carried out to determine the precise detection
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Figure 4 Gene expression at rough/smooth abutments for one
patient (IO) subjected to immediate loading. At 90 days, a sharp
increase of TNF-a were found. Both implants were unstable
and were subsequently removed. Two samples were collected at
each time point.

limit for gene expression by this technique and should
be followed by systematic studies mapping up- and
down-regulation of genes during peri-implant wound
healing and/or peri-implant tissue destruction. In the
longer perspective, QPCR monitoring may be also useful
in the clinic for the early detection and prevention of
implant failure or implant-related diseases.

CONCLUSION

This pilot study is based on samples on relatively few
individuals. Some genes showed correlation with clinical
findings. However, further studies are needed to refine
and optimize the sampling process to find the appropri-
ate panel and to validate gene expression for monitoring
implant healing.

ACKNOWLEDGMENTS

The support from Jonkoping County Council,
Jonkoping Sweden, VINNOVA Vinn Vixt Program Bio-
medical Development in Western Sweden and Nobel
Biocare AB (grant 2004-282), Goteborg is gratefully
acknowledged. We thank Ms. Birgit Ljungquist for excel-
lent statistical assistance. This paper was presented at the
first P-I Branemark Symposium, held in November 2009
in Goteborg and hosted by Nobel Biocare Company.

10.

11.

12.

13.

REFERENCES
1.

Isidor F. Mobility assessment with the Periotest system in
relation to histologic findings of oral implants. Int J Oral
Maxillofac Implants 1998; 13:377-383.

Schulte W, Lukas D. The periotest method. Int Dent J 1992;
42:433-440.

Sennerby L, Meredith N. Implant stability measurements
using resonance frequency analysis: biological and biome-
chanical aspects and clinical implications. Periodontol 2000
2008; 47:51-66.

Huang HM, Chiu CL, Yeh CY, Lin CT, Lin LH, Lee SY. Early
detection of implant healing process using resonance
frequency analysis. Clin Oral Implants Res 2003; 14:437—
443.

Meredith N, Shagaldi F, Alleyne D, Sennerby L, Cawley P.
The application of resonance frequency measurements to
study the stability of titanium implants during healing in the
rabbit tibia. Clin Oral Implants Res 1997; 8:234-243.
Rasmusson L, Meredith N, Cho IH, Sennerby L. The influ-
ence of simultaneous versus delayed placement on the sta-
bility of titanium implants in onlay bone grafts. A histologic
and biomechanic study in the rabbit. Int ] Oral Maxillofac
Surg 1999; 28:224-231.

Rasmusson L, Meredith N, Kahnberg KE, Sennerby L. Sta-
bility assessments and histology of titanium implants placed
simultaneously with autogenous onlay bone in the rabbit
tibia. Int J Oral Maxillofac Surg 1998; 27:229-235.
Rasmusson L, Meredith N, Kahnberg KE, Sennerby L. Effects
of barrier membranes on bone resorption and implant sta-
bility in onlay bone grafts. An experimental study. Clin Oral
Implants Res 1999; 10:267-277.

Rasmusson LN, Meredith N, Sennerby L. Measurements of
stability changes of titanium implants with exposed threads
subjected to barrier membrane induced bone augmentation.
An experimental study in the rabbit tibia. Clin Oral Implants
Res 1997; 8:316-322.

Friberg B, Sennerby L, Meredith N, Lekholm U. A compari-
son between cutting torque and resonance frequency
measurements of maxillary implants. A 20-month clinical
study. Int J Oral Maxillofac Surg 1999; 28:297-303.

Glauser R, Sennerby L, Meredith N, et al. Resonance fre-
quency analysis of implants subjected to immediate or early
functional occlusal loading. Successful vs. failing implants.
Clin Oral Implants Res 2004; 15:428-434.

Ataoglu H, Alptekin NO, Haliloglu S, etal. Interleukin-
lbeta, tumor necrosis factor-alpha levels and neutrophil
elastase activity in peri-implant crevicular fluid. Clin Oral
Implants Res 2002; 13:470-476.

Lachmann S, Kimmerle-Muller E, Axmann D, Gomez-
Roman G, Weber H, Haas R. Associations between
peri-implant crevicular fluid volume, concentrations of
crevicular inflammatory mediators, and composite IL-1A

-889 and IL-1B +3954 genotype. A cross-sectional



Gene Expression of Inflammation and Bone Healing in Peri-Implant Crevicular Fluid after Placement and Loading of Dental Implants 735

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

study on implant recall patients with and without clinical
signs of peri-implantitis. Clin Oral Implants Res 2007;
18:212-223.

Murata M, Tatsumi J, Kato Y, et al. Osteocalcin, deoxypyri-
dinoline and interleukin-1beta in peri-implant crevicular
fluid of patients with peri-implantitis. Clin Oral Implants
Res 2002; 13:637-643.

Nomura T, Ishii A, Shimizu H, et al. Tissue inhibitor of
metalloproteinases-1, matrix metalloproteinases-1 and -8,
and collagenase activity levels in peri-implant crevicular
fluid after implantation. Clin Oral Implants Res 2000;
11:430—-440.

Plagnat D, Giannopoulou C, Carrel A, Bernard JP, Mombelli
A, Belser UC. Elastase, alpha2-macroglobulin and alkaline
phosphatase in crevicular fluid from implants with and
without periimplantitis. Clin Oral Implants Res 2002;
13:227-233.

Yalen S, Basegmez C, Mijiritsky E, Yalen F, Isik G, Onan U.
Detection of implant crevicular fluid prostaglandin E2 levels
for the assessment of peri-implant health: a pilot study.
Implant Dent 2005; 14:194-200.

Jepsen S, Ruhling A, Jepsen K, Ohlenbusch B, Albers HK.
Progressive peri-implantitis. Incidence and prediction of
peri-implant attachment loss. Clin Oral Implants Res 1996;
7:133-142.

Kivela-Rajamaki M]J, Teronen OP, Maisi P, et al. Laminin-5
gamma2-chain and collagenase-2 (MMP-8) in human peri-
implant sulcular fluid. Clin Oral Implants Res 2003; 14:158—
165.

Kuula H, Salo T, Pirila E, et al. Human beta-defensin-1 and
-2 and matrix metalloproteinase-25 and -26 expression in
chronic and aggressive periodontitis and in peri-implantitis.
Arch Oral Biol 2008; 53:175-186.

Ma J, Kitti U, Teronen O, etal. Collagenases in different
categories of peri-implant vertical bone loss. ] Dent Res
2000; 79:1870-1873.

Xu L, Yu Z, Lee HM, et al. Characteristics of collagenase-2
from gingival crevicular fluid and peri-implant sulcular fluid
in periodontitis and peri-implantitis patients: pilot study.
Acta Odontol Scand 2008; 66:219-224.

Tumer C, Aksoy Y, Guncu GN, Nohutcu RM, Kilinc K,
Tozum TF. Possible impact of inflammatory status on
C-telopeptide pyridinoline cross-links of type I collagen
and osteocalcin levels around oral implants with peri-
implantitis: a controlled clinical trial. ] Oral Rehabil 2008;
35:934-939.

Guncu GN, Tozum TF, Guncu MB, et al. Myeloperoxidase as
a measure of polymorphonuclear leukocyte response in
inflammatory status around immediately and delayed
loaded dental implants: a randomized controlled clinical
trial. Clin Implant Dent Relat Res 2008; 10:30-39.

Walker NJ. Tech.Sight. A technique whose time has come.
Science 2002; 296:557-559.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kochanowska I, Chaberek S, Wojtowicz A, et al. Expression
of genes for bone morphogenetic proteins BMP-2, BMP-4
and BMP-6 in various parts of the human skeleton. BMC
Musculoskelet Disord 2007; 8:128.

Masaki C, Schneider GB, Zaharias R, Seabold D, Stanford C.
Effects of implant surface microtopography on osteoblast
gene expression. Clin Oral Implants Res 2005; 16:650—
656.

Preti G, Martinasso G, Peirone B, et al. Cytokines and growth
factors involved in the osseointegration of oral titanium
implants positioned using piezoelectric bone surgery versus
a drill technique: a pilot study in minipigs. J Periodontol
2007; 78:716-722.

Schneider GB, Zaharias R, Seabold D, Keller J, Stanford C.
Differentiation of preosteoblasts is affected by implant
surface microtopographies. ] Biomed Mater Res A 2004;
69:462—-468.

Tan KS, Qian L, Rosado R, Flood PM, Cooper LF. The role
of titanium surface topography on J774A.1 macrophage
inflammatory cytokines and nitric oxide production. Bioma-
terials 2006; 27:5170-5177.

Guo J, Padilla RJ, Ambrose W, De Kok IJ, Cooper LF. The
effect of hydrofluoric acid treatment of TiO2 grit blasted
titanium implants on adherent osteoblast gene expression in
vitro and in vivo. Biomaterials 2007; 28:5418-5425.

Omar O, Suska F, Lenneréds M, et al. The influence of bone
type on the gene expression in normal bone and at the
bone-implant interface: experiments in animal model.
Clin Implant Dent Relat Res 2009; doi 10.1111/j.1708-
8208.2009.00195.x.

Omar O, Svensson S, Zoric N, et al. In vivo gene expression
in response to anodically oxidized versus machined titanium
implants. ] Biomed Mater Res A 2010; 92:1552-1566.
Gothberg C, André U, Slotte C. Tissue reactions around
implants in fixed partial dentures and evaluation of healing
times. 1-year results from a randomized controlled study. J
Clin Periodontol 2009; 36(Suppl 9): 40-220. doi: 10.1111/
J.1600 015X.2009.01404.

Livak KJ, Schmittgen TD. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta
Delta C(T)) Method. Methods 2001; 25:402—408.

Pfaffl MW. A new mathematical model for relative quanti-
fication in real-time RT-PCR. Nucleic Acids Res 2001;
29:e45.

Friedman PL, Ellisman MH. Enhanced visualization of
peripheral nerve and sensory receptors in the scanning
electron microscope using cryofracture and osmium-
thiocarbohydrazide-osmium impregnation. J Neurocytol
1981; 10:111-131.

Lekholm U, Zarb GA. Patient selection and preparation. In:
Brdnemark PI, Zarb GA, Albrektsson T, eds. Tissue-
Integrated Prostheses: Osseointegration in Clinical Dentistry
1985. Chicago: Quintessence, 1985:199-209.



736

39.

40.

41.

42.

Clinical Implant Dentistry and Related Research, Volume 14, Number 5, 2012

Wachtel H, Schenk G, Bohm S, Weng D, Zuhr O, Hurzeler
MB. Microsurgical access flap and enamel matrix derivative
for the treatment of periodontal intrabony defects: a con-
trolled clinical study. J Clin Periodontol 2003; 30:496—504.
Mombelli A, van Oosten MA, Schurch E Jr, Lang NP.
The microbiota associated with successful or failing osseoin-
tegrated titanium implants. Oral Microbiol Immunol 1987;
2:145-151.

Huang HM, Chiu CL, Yeh CY, Lee SY. Factors influencing
the resonance frequency of dental implants. ] Oral Maxillo-
fac Surg 2003; 61:1184-1188.

Freeman TC, Lee K, Richardson PJ. Analysis of gene
expression in single cells. Curr Opin Biotechnol 1999;
10:579-582.

43.

44.

45.

46.

Bustin SA. Absolute quantification of mRNA using real-time
reverse transcription polymerase chain reaction assays. ] Mol
Endocrinol 2000; 25:169-193.

Schmittgen TD, Zakrajsek BA, Mills AG, Gorn V, Singer MJ,
Reed MW. Quantitative reverse transcription-polymerase
chain reaction to study mRNA decay: comparison of end-
point and real-time methods. Anal Biochem 2000; 285:194—
204.

Stahlberg A, Zoric N, Aman P, Kubista M. Quantitative real-
time PCR for cancer detection: the lymphoma case. Expert
Rev Mol Diagn 2005; 5:221-230.

Hu YB, Pan ZX, Xu D, et al. The correlation of reproduction-
related gene expression with germ cell number in DM and
PLL gilts. Yi Chuan Xue Bao 2006; 33:800-807.



Copyright of Clinical Implant Dentistry & Related Research is the property of Wiley-Blackwell and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.



