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Abstract
Objectives The authors assessed the relationship between
implant stability and bone turnover markers in patients with
and without a history of bisphosphonate (BP) exposure for
treatment of osteopenia/osteoporosis.
Materials and methods One dental implant site was evaluat-
ed in 58 post-menopausal women with a spectrum of bone
health in a "best practice" prospective cohort study. Each site
had a previous or simultaneous bone augmentation procedure.
BP exposure at enrollment was categorized as "never" or
"past/current" exposure. Implant stability was assessed by
resonance frequency analysis (RFA ISQ) at surgery and
8 weeks post-implant. Bone turnover markers, C-telopeptide
collagen crosslinks (sCTX) and procollagen −1 N-terminal
telopeptide (P1NP), were measured pre-treatment, 1, and
8 weeks following implant surgery.
Results Mean age was 62.4±6.8 years; 66 % were
osteopenic/osteoporotic. Average RFA ISQ at placement for
all participants was 63.5±11.3, at 8 weeks post-surgery 74.2±
9.4 (p<0.01). Among "past/current" BP users, there was a
significant negative correlation between RFA ISQ values at

8 weeks post-implant placement and sCTX and P1NP values
at 1 week (ρ=−.65 and ρ=−.55, respectively; p<0.01) and
8 weeks (ρ=−.64 and ρ=−.52, respectively; p<0.05).
Conclusion RFA ISQ values increased between implant
placement and 8 weeks post-surgery demonstrating success-
ful osseointegration. Lower bone turnover was associated
with better implant stability among patients with a history of
BP exposure.
Clinical relevance Further investigation of the relationship
between BP exposure and implant stability is warranted in a
larger population, as results may strongly impact on clinical
practice decisions.
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Introduction

Osteoporosis, a major public health issue affecting 44 million
Americans, is commonly treated with bisphosphonates (BP),
agents shown to significantly reduce the risk of fractures [1].
Bisphosphonate-related osteonecrosis of the jaw (BRONJ) is
an emerging condition that has been associated with dental
surgical procedures in some patients on BP therapy [2]. In
response to this, dental and medical organizations have
established guidelines for discontinuation of these agents prior
to dental surgery, including implant placement and bone aug-
mentation procedures. However, there is limited evidence that
discontinuation of BP will reduce the risk of development of
BRONJ [3]. Furthermore, there is concern that this clinical
strategymay lead to a decline in bone health with concomitant
public health implications for the management of osteoporosis
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[3]. In addition, there may be oral health benefits associated
with optimal bone health management [4].

Bone augmentation is frequently a necessary component of
dental implant reconstruction. While, in the future, tissue
engineering methods including cell transplantation and the
release of cell signaling agents are likely to be available for
clinical use, the current gold standard to increase bone volume
is through autogenous grafting [5–8]. Grafting tends to be
successful in young healthy patients, but there is evidence that
success rates of grafting procedures markedly decrease with
age and certain systemic conditions, such as osteoporosis [9,
10]. Given that a significant correlation has been shown
between hip and mandible bone mineral density (BMD) [11]
and panoramic mandible radiographics and hip fracture risk
[12], older women with osteoporosis or osteopenia may be at
increased risk for complications and lower success rates for
bone augmentation procedures compared to women with nor-
mal bone health. The relationship between this systemic
health problem and implant success has not been well docu-
mented although some investigators have suggested that low
bone density or osteoporosis may negatively affect bone graft
success [13]. Long-term studies which carefully evaluate this
relationship have not been done.

An interim analysis was undertaken as part of large ongo-
ing prospective cohort study. A key aim of this study was to
rigorously assess the success of bone augmentation/implant
placement among post-menopausal women with normal and
compromised bone density and architecture over a 24-month
period, and to investigate the relationship between clinical
outcome findings and indicators, and markers of systemic

bone health. The aim of the current exploratory, hypothesis-
generating analysis was to explore the relationship between
markers of bone turnover and implant stability outcomes
immediately post-implant placement and at 8 weeks post-
operatively.

Subjects and methods

Patient population

The 58 women in this interim analysis represent the first
participants to have reached 8-week post-operative follow-
up from a total of 120 participants to be enrolled in this
ongoing descriptive, “best clinical practice” prospective co-
hort study. This study was designed to estimate alveolar bone
augmentation/implant placement success in post-menopausal
women between 55 and 80 years old with disorders of bone
health (osteopenia and osteoporosis). Recruitment of these
participants was from the Center for Osteoporosis and the
Center on Aging at the University of Connecticut Health
Center as well as the general population via study flyers and
university website. To be eligible, participants must have had
at least twelve remaining teeth and one edentulous area where
horizontal bone augmentation was needed prior to/or simulta-
neous to dental implant placement. Exclusion criteria included
smoking more than ten cigarettes a day, the presence of
metastatic cancer, immunodeficiency disease, or known met-
abolic bone disease. The flow chart for this study is presented
as Fig. 1. Thirteen patients withdrew from the study before

109 Screen Failed
-73% no augmentation required
-13% need too much overall      
work

-5% need sinus lift >2mm
-4% Other

247 Screened

13 Withdrew
-Subjects unable to commit to  
overall Tx plan due to inancial
issues or time investment

12 Tx Planned

90 Implant Surgery
3 Pending

15 Tx Plan Failed 
-60% no augmentation required
-20% could not take BP drug    
holiday

-20%  other

17 Withdrew
-78% did not commit to overall 
Tx plan

-22% other

58 with Eight Week Data

Fig. 1 Study enrollment flow chart
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treatment planning, and 17 withdrew before implant place-
ment, as is detailed in Fig. 1. None of the women withdrew
after procedure was performed. This study was approved by
the University of Connecticut Health Center Institutional
Review Board (#07-016). Written informed consent was
obtained.

Visits and procedures

All study visits took place between 2007 and 2010 at the
Center for Implant and Reconstructive Dentistry of the
University of Connecticut Musculoskeletal Institute and at
the Health Center’s General Clinical Research Center. Par-
ticipants were seen at screening, treatment planning, pre-
surgical consultation, surgical treatment, and then for
1 week, 8 week, crown delivery, 9-month, and 24-month
follow-up assessments (Table 1). At the screening visit, an
intraoral exam was performed, a digital panoramic image
was acquired (Planmeca, Chicago, IL, USA), and a health
history was obtained. Bone mineral density was assessed
with dual-energy X-ray absorptiometry (DEXA, Lunar
DPXL, Madison, WI, USA) scan of spine and hip prior to
implant placement or bone augmentation if one had not been
obtained within the previous 12 months. Cone beam com-
puted tomography (CBCT) imaging occurred at the treat-
ment planning visit, immediately post-implant placement
and at 8 weeks, 9 and 24 months post-implant placement
(CB MercuRay, Hitachi Corp, Japan). The collection of
fasting blood samples occurred similarly at the treatment
planning visit, 1 week, 8 weeks, 9 months, and 24 months
post-implant placement. This schedule allowed for the anal-
ysis of biochemical markers of bone turnover at early and
late healing stages. Vitamin D was analyzed at the treatment
planning and 24-month visits only. Implant stability was
assessed by resonance frequency analysis via internal sta-
bility quotient (RFA ISQ value) at the time of surgery and
8 weeks following placement utilizing the Osstell Mentor ®
(Integration Diagnostics AB, Gothenburg, Sweden). This
measure was made by placing a small magnetic stud (“Smart
Peg,” Osstell®) into the test implant and taking an average

of two measurements; one at the mesial and the other at the
buccal aspect. These values were made without examiner
knowledge of subject bone health marker outcomes.

Patients received specific bone augmentation treatment
based upon the presenting individual clinical situation, as
guided by specific a priori criteria (Fig. 2). Some subjects in
this study were receiving therapy for osteoporosis including
BP, estrogen, or selective estrogen-receptor modulators
(SERMs). We did not discontinue estrogen or SERMs as a
part of the surgical protocol. However, due to recent con-
cerns that osteonecrosis of the jaw may occur after dental
surgery in patients treated with BP, we followed recently
accepted guidelines of discontinuation of BP for at least
3 months prior to surgery and an additional 3 months post-
surgery [14, 15]. Dental treatment included bone augmen-
tation, titanium dental implant placement, and implant res-
toration procedures (implant crown or prosthesis placement).
Two experienced implant surgeons (MF and DMS) provided
all of the surgical treatment according to current standard
protocol including aseptic technique, oral antibiotics, and
antimicrobial rinses prior to the procedures.

The three surgical augmentation methods used in this
study were as follows: (1) autogenous intraoral block graft
for augmentation of severely deficient alveolar ridges; (2)
selective ridge expansion (including split ridge or localized
expansion) with osteotomes simultaneous with implant
placement for augmentation of slight to moderately deficient
alveolar ridges of uniform width; or (3) dehiscence repair
with autogenous+bovine particulate graft and resorbable
collagen membrane placement (BioOss; BioGuide,
Geistlich, Switzerland) where augmentation would address
slight to moderately deficient alveolar ridges that widen
apically. Where an autogenous block graft was employed,
implant placement occurred 4–5 months after graft place-
ment. These subjects had blood drawn for bone marker
assessment at the time of graft placement and at implant
placement. Prosthetic treatment commenced near or subse-
quent to the 8 week follow-up visit and was provided by
experienced prosthodontics specialists. The choice of bone
augmentation method and timing of implant placement was

Table 1 Visits and procedures

Screen Tx plan Surgical
consult

Implant 1 week 8 weeks Crown
delivery

9 months 24 months

Intraoral exam and
panoramic X-ray,
medical Hx

X

CBCT X X X X X

DEXA X

Bone markers X X X X X

RFA X X
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specifically not determined randomly, as the purpose of this
investigation was to employ rigorous “best treatment”
criteria, utilizing the morphology, anatomic form, absolute
and relative edentulous bone width, assessed via computerized
planning software used to analyze CBCT images as noted
above.

All subjects received titanium same metal and surface im-
plants provided by Straumann AG and consisted of commer-
cially pure titanium with rough, acid etch surfaces that were
stored in saline to prevent exposure to oxygen. Straumann
standard plus 10 mm regular and wide neck implants com-
prised the majority of implants placed in this study, (31 and
45 %, respectively), while standard plus 8 mm wide neck and
10 mm bone level implants each contributed 9 % to the total
implants placed. The remaining 6 % of implants consisted of
standard 10 mm wide neck, 8 mm TE, and standard plus 8 and
12 mm regular neck. Both Straumann standard plus 10 mm
regular and wide neck implants were relatively equally dis-
tributed within the normal and osteopenic/osteoporotic groups
making up roughly 30 and 40 % of total implants placed,
respectively. Due to the small N, sub-analyses of RFA ISQ by
bone health status, implant type, and size were not performed.

Assessed variables

The primary study variables for this interim analysis were
markers of bone turnover and implant stability measured as
RFA ISQ. Specific bone markers in this analysis were
procollagen −1 N-terminal telopeptide (P1NP), a bone forma-
tion marker, and serum C-telopeptide collagen crosslinks
(sCTX), a bone resorption marker, measured by immunoassay

(Immunodiagnostics Systems Inc., Fountain Hills, AZ, USA).
25-OH vitamin D was measured by immunoassay (Immuno-
diagnostic Systems, Fountain Hills, AZ). All biochemical
marker data and vitamin D levels were derived from an
independent university core laboratory utilizing de-identified
patient designations. Examiners collecting RFA outcomes
were blinded to all biochemical marker data. This examiner
blinding together with the inclusion in the analysis of all
subjects with complete data from treatment planning
(baseline) through 8 weeks minimized the risk of examiner
and selection bias. Patients were asked to complete a bone
health history questionnaire, which included medical and
fracture history, lifestyle and dietary habits (e.g., calcium
and vitamin D intake), and medication history and current
use. Patients were classified as either a current or past
user of bisphosphonate (BP+) or someone who had never
used bisphosphonate (BP−). The specific bisphosphonates
reported to have been used were alendronate, risedronate,
and ibandronate.

Statistical analysis

Non-parametric statistics were used for all analyses due to
the relatively small number of subjects and structure of the
data. Mean differences between BP exposure groups were
assessed using the Mann–Whitney U. Differences within BP
exposure groups were analyzed using the related samples
Wilcoxon signed rank test. Findings were plotted, and cor-
relations within exposure groups were analyzed using
Spearman’s rank correlation (rs). An a priori alpha value
of 0.05 was used for all tests.

Fig. 2 Bone augmentation and treatment planning criteria
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Results

The findings presented are for the first 58 patients to have 8-
week follow-up data in this ongoing investigation. The overall
distribution of surgical procedures and BP exposure group is
detailed in Table 2. Close to half of the subjects were recruited
via our university website or through posters/brochures in
clinical areas at the UCHC. The remainder was recruited
through providers in our Osteoporosis, Geriatrics and Dental
clinics, or community programs. The baseline data are shown
below in Table 3. Twenty of the 58 patients (34 %) were
current/past users of bisphosphonate (BP+); 38 of 58 (66 %)
were never users (BP−). Ninety percent of BP+ participants
were osteopenic or osteoporotic; 53% of BP− participants were
osteopenic or osteoporotic (50 % osteopenic and 3 % osteopo-
rotic). Eight of 20 or 40 % of BP+ were taking bisphosphonate
at study screening; 12 of 20 or 60 % had past exposure which
ranged from several months to 15 years. There were no prac-
tical differences between the BP+ and BP− groups at baseline
for age, L-spine BMD, or vitamin D. However, BP+ users had a
lower femoral neck and total hip BMD as compared to subjects
who reported never taking bisphosphonate (p<0.01).

Table 4 shows mean P1NP, sCTX, and RFA ISQ values
stratified by exposure group (BP+ and BP−) at baseline, 1 and
8 weeks after treatment. Mean P1NP was significantly lower
at baseline among the BP+ compared to BP− group (p<0.05).
There was no significant change of P1NP within groups from
baseline to 8-week follow-up. While not statistically signifi-
cant (p=0.08), there was a 21% lower mean sCTX at baseline
among the BP+ compared to the BP− group. sCTX signifi-
cantly increased within the BP+ group from baseline to
8 weeks post-treatment by 29 % (p≤0.01). Mean RFA ISQ
values between the two BP exposure groups were similar at
implant placement and showed similar significant increases
between baseline and 8 weeks post-treatment.

Table 5 suggests that among the BP+ group, there was a
substantial negative correlation between RFA ISQ value at
8 weeks and sCTX values at 1 week (rs=−0.65, p<0.01) and
8 weeks (rs=−0.64, p<0.01) post-implant placement. A
substantial negative correlation was again seen in this group
between RFA ISQ value at 8 weeks and P1NP values at
1 week (rs=−0.55, p<0.05) and 8 weeks (rs=−0.52, p<
0.05) post-implant placement. No significant correlations

were suggested in the BP− group. When stratified by bone
health, RFA ISQ values improved significantly between
baseline and 8 weeks post-implant regardless of whether
subjects had normal bone density (p<0.01) or were
osteopenic/osteoporotic (p<0.01). When we further ana-
lyzed the data according to BP exposure in subjects with
osteopenia/osteoporosis, all subjects showed improvement
in RFA ISQ values regardless of whether or not they were
exposed to BPs (P<0.05).

Figure 3 demonstrates graphically the data in Table 4, show-
ing a significant negative correlation between RFA ISQ at
8 weeks post-implant placement and both sCTX (rs=−0.64,
p<0.01) and P1NP (rs=−0.52, p<.05) at 8 weeks post-implant
placement. When we analyzed the data with two subjects
whose RFA ISQ values were <50 post-implant [16], the overall
results remained unchanged. No relationship between BMD or
bone markers and RFA ISQ or vitamin D levels and RFA ISQ
was suggested.

Discussion

The interim analysis presented in this paper is part of
an ongoing multi-disciplinary descriptive “best practice”

Table 2 Distribution of surgical
procedures in BP+ and
BP− groups

BSP group—Never
or Hx/current

Surgical procedure Total

Dehiscence Expansion Expansion
with dehiscence

Block

Never 10 8 18 2 38

Hx/current 4 7 8 1 20

Total 14 15 26 3 58

Table 3 Baseline demographics of patients

BP+ users BP− users Both groups

N (%) 20 (34 %) 38 (66 %) 58

Age±SD (years) 62.75±5.58 61.53±5.16 62±5.29

L-spine, T-score −.99±1.63 −.28±1.20 −.53±1.39

F neck, T-score −1.58±.94 −.87±.93* −1.11±.99

Total hip, T-score −1.25±1.02 −.36±1.06* −.67±1.12

% osteopenic
or osteoporotic

90 53 66

% normal BMD 10 47 34

Vitamin D level (ng/ml)
(reference range 20–65)

34.7±17.2a 30.2±14.6 32.1±15.4

Data given as mean±standard deviations. Reference ranges for sCTX
and P1NP are for post-menopausal women

*p≤ .01 for differences between groups
a Excludes single outlier with value of 167 pg/ml; with outlier included
difference between groups remains N.S. (non-significant)
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prospective cohort study intended and designed to rigorously
follow the success of bone augmentation/implant procedures
among post-menopausal women with varying degrees of sys-
temic bone health. We report the findings from the first 58 of
these women for whom 8-week post-operative findings were
available. Our findings suggest that implant stability, as mea-
sured via RFA ISQ values, increased between time of implant
placement and 8 weeks post-surgery and is consistent with
successful osseointegration of the implants in all patients
regardless of whether they had a history of BP exposure.
However, among patients with either a current or past exposure
to bisphosphonate, there was an inverse correlation between
bone turnover marker values and these RFA ISQ values, at both
1 and 8 weeks post-augmentation implant placement. This
correlation was not suggested in subjects who had never been
treated with BP. Interestingly, an opposite trend for a positive
correlation between P1NP and ISQ is suggested (p=0.09) for
our BP− group by this very preliminary data. We hypothesize

that in non-BP-exposed participants, bone formation, as
reflected by P1NP, may be the relevant factor in implant
stability. However, this finding is one that will require further
exploration in the larger group analysis.

Forty percent of the BP-exposed women were not currently
on bisphosphonate therapy but had been for varying times in
the past. The correlations of sCTX and P1NP at 1 week post-
procedure and 8 weeks with RFA ISQ at 8 weeks (Table 3)
suggest that among patients for whom bisphosphonate was
either currently prescribed or prescribed in the past, improved
systemic bone health was associated with improved short-
term outcome following augmentation/implant placement.
The reason for this finding is not entirely clear. One could
postulate that lower bone turnover in subjects with current or
past bisphosphonate exposure translates to less implant move-
ment and thus better stability. Findings in animal data and
several case reports in humans have demonstrated decreased
tooth movement among patients taking BPs undergoing or-
thodontic procedures [17], a setting in which tooth movement
was actually desired.

Alternatively, reduced bone turnover may compromise
the long-term success of implants, which will require further
prospective evaluation in our cohort. As reduced bone turn-
over is transient, occurring during drug treatment and for an
extended time after treatment discontinuation, and can vary
with the individual anti-resorptive medication, prolonged
monitoring of turnover markers would be indicated to reflect
this variable. For those patients undergoing long-term BP
treatment, long-term follow-up of the implant sites includ-
ing clinical assessment of implant stability via percussion
and pressing on the implant crown from the buccal and
lingual aspects is warranted. However, quantitative assess-
ment of stability through the use of RFA is not possible
since placement of the implant crowns precludes placement
of the transducer that transmits the RFA outcomes.

This interim analysis has a number of limitations. The
current analysis includes a relatively small number of sub-
jects with bisphosphonate exposure, and the results, there-
fore, need to be viewed with caution. This investigation was
not originally designed or powered to investigate the rela-
tionship between bisphosphonate exposure per se and
augmentation/implant placement outcomes. Thus, this anal-
ysis is best viewed as exploratory and hypothesis generat-
ing. However, our protocol calls for the ultimate enrollment
of 120 subjects, and a full analysis of the entire sample will
provide further opportunity to either confirm or confute
these interesting interim findings. We anticipate the ability
to further explore potential interactions and effect modifiers,
which may, in turn, lead to further hypotheses as to the
relationship between bone health status, bisphosphonate
usage, and augmentation/implant placement outcomes in
the mid and long term. Information regarding the nature
and extent of bisphosphonate exposure, as well as fracture

Table 4 Mean measurements of P1NP, sCTX, and RFA ISQ (internal
stability quotient) values at baseline, 1, and 8 weeks post-implant
placement by BP exposure

BP+ group (n=20) BP− group (n=38)

P1NP—0 (ug/l) 44.5±19.2* 56±18.8*

P1NP—1 week (ug/l) 49.4±20.3 56.3±21.9

P1NP—8 weeks (ug/l) 49.9±20.2 56.3±24.8

sCTX—0 (pg/l) 418.9±180.4** 527.6±233.7

sCTX—1 week (pg/l) 491.9±207.1 534.9±251.5

sCTX—8 weeks (pg/l) 539.9±218.9** 571.6±265.2

ISQ—implant 61.5±11.3** 65.2±10.8**

ISQ—8 weeks 73.7±11.9** 74.8±8.4**

Data shown as mean±standard deviations

*Statistical significance between groups, p<.05

**Statistical significance within group, p<.05

Table 5 Spearman’s correlation coefficient estimates between RFA
ISQ values at 8 weeks post-implant placement and P1NP and sCTX
at both 1 and 8 weeks post-implant placement

Current/HxHx/
Current BP
(n=20)

p Never BP
(n=38)

p

ISQ—8 weeks*
P1NP—1 week

−0.55* .02 .29 .09

ISQ—8 weeks*
P1NP—8 weeks

−0.52* .02 0.29 .09

ISQ—8 weeks*
sCTX—1 week

−0.65** .00 .00 0.98

ISQ—8 weeks*
sCTX—8 weeks

−0.64** .00 .09 0.63

*Correlation is significant, p<.05

**Correlation is significant, p<.01
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history, was anamnestically derived and of limited detail.
However, to the extent that these exposures were variable in
nature and/or poorly recalled, any observed correlations
would be expected to be diminished, not falsely enhanced
due to bias (Rothman). Thus, our findings may be an un-
derestimate of the true association.

As bone is a dynamic tissue and is constantly remodeling in
“bone multicellular units,” bone resorption by osteoclasts is
followed by subsequent bone formation by osteoblasts. It has
been suggested that suppressed levels of bone resorption,
specifically as indicated by a serum CTX of <100 pg/ml, is
associated with development of BRONJ [18]; however, in a
trial of alendronate for osteoporosis treatment where most
subjects had sCTX at or below this value after 3 years of
treatment, no cases of BRONJ were reported [19]. Further, in
a meta-analysis of three large trials of intravenous BP, data
from 11,000 subjects showed no association between low

sCTX levels (<100 pg/ml) and BRONJ [20]. In a small,
prospective trial of patients on oral BP undergoing dental
surgical procedures in an office setting, 54 subjects had pre-
and post-operative measurements of sCTX. This group was
compared to a control group (N=109) also on oral BP but
without sCTX measurements. Twenty-one of the 54 subjects
with pre-operative sCTXmeasurements <100 pg/ml elected to
proceed with surgery without discontinuation of BP. Follow-
up at 8 weeks showed no evidence of BRONJ in this group,
and the investigators concluded that sCTX is not a valid pre-
operative test for assessment of BRONJ risk [21]. To date,
there are no long-term prospective studies evaluating bone
turnover with outcomes such as BRONJ in subjects on BP.

Outcomes of dental implants in subjects on BP treatment
are limited. In animal models, positive outcomes associated
with BP exposure, including improved peri-implant bone
formation, adequate osseointegration, and stability, have

A P1NP B 

C D PINP sCTX

sCTX

Fig. 3 Scatter plot of RFA ISQ and bone turnover marker values at
8 weeks among post-menopausal women with a history of bisphosphonate
therapy for osteoporosis/osteopenia (n=20). P1NP (μg/l) at 8 weeks versus
RFA ISQ values at 8 weeks (a), ρ=−.52, p=.02 and sCTX (pg/l) versus

ISQ at 8 weeks (b), ρ=−0.64, p=.00 (BP+ exposure group). P1NP (μg/l) at
8 weeks versus RFA ISQ values at 8 weeks (c), rs=−.29, p=0.09 and sCTX
(pg/l) versus ISQ at 8 weeks (d), rs=−0.09, p=0.63 (BP− exposure group)
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been documented [17]. Several retrospective reports in hu-
man subjects have demonstrated overall similar survival of
implants in subjects on BPs therapy compared with controls
not on BPS [17]. In one study, 100 implants were placed in
42 patients including 68 bone grafts. The average length of
follow-up was 3 years and 1 month, with a range of 4 months
to 7.5 years. These authors reported a 95 % implant success
rate and no cases of BRONJ. In the implants that failed,
placement in the posterior maxilla and smoking were cited
as possible etiologies [22]. Another author reported lower
overall success rates in subjects on BPs compared with con-
trols [23]. To date, no studies have looked at implant success
in participants on BPs prospectively.

The effect of BP therapies on the oral skeleton is another
important consideration in this population. BP treatment is
known to inhibit angiogenesis; thus, decreasing blood sup-
ply to bone which may impact on wound healing [24], with
nitrogen containing BPs demonstrating greater negative ef-
fect on cell function than non-nitrogen BPs [25]. The direct
effects of BPs on osteoclasts (reduced osteoclast activity)
and the altered bone blood supply could lead to an avascular
necrosis of the jaw [26]. Furthermore, animal studies have
recently addressed oral wound healing and found differ-
ences in alveolar bone healing in animals treated with BPs
versus controls. Studies in dogs also show variable bone
turnover in jaw bone, depending on the specific site evalu-
ated, and may affect the relationship to the development of
ONJ [27]; Finally, the effect of BPs on oral cavity soft tissue
is less well studied and is another important consideration.
Overall, studies show that BPs have negative effects on hard
and soft tissues of the oral skeleton that are different from
other sites [28], and future research to extend knowledge in
this arena is warranted.

The medical and dental communities share major concerns
regarding prolonged use of BP and the associated complica-
tion of BRONJ. Thus, a number of professional groups have
advised the discontinuation of these agents during the period
surrounding the placement of dental implants and associated
procedures; however, the question as to the best management
of the dental patient on bisphosphonate therapy remains
unclear and controversial [3]. Further investigation of the re-
lationships suggested in this interim analysis will help to
inform the best practice management of the patient taking
bisphosphonate to enhance bone health, especially when bone
augmentation and implant procedures are planned.

In conclusion, in this best practice, prospective hypothesis-
generating analysis, higher RFA ISQ values at 8 weeks were
associated with lower sCTX and P1NP values among subjects
with past or current BP exposure, suggesting that lower bone
turnover is associatedwith better implant stability asmeasured
by RFA ISQ. Subsequent analyses with greater numbers, as
this ongoing investigation progresses, will help to further
elucidate this intriguing interim finding.
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