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Abstract

Objective: The purpose of this prospective clinical study was to determine whether reduced bone

mineral density (BMD) is correlated with a higher risk for dental implant therapy in an elderly

patient population.

Material and methods: Seventy-nine patients recruited at the Prince Philip Dental Hospital were

provided with 2-implant-supported mandibular overdentures. Skeletal BMD was recorded before

the implant therapy. The World Health Organization Osteoporosis Diagnosis Classification (femoral

neck score) was utilized to define the osteoporosis status of patients. Periapical radiographs were

taken with a special radiographic holder at the time of implant loading (baseline) and at follow-up

examinations. The mesial and distal marginal bone levels of each implant were measured. The

mean marginal bone loss (mMBL) and greatest marginal bone loss (GBL) of four implant sites at

patient level were recorded for data analysis. Clinical examination including plaque score (PI) and

bleeding on probing (BOP) was recorded.

Results: Of the 79 patients recruited in the study, the survival rate of implant was 98.7%. Sixty-

three patients (79.7%) were finally available for data collection and statistical analyses. The mean

follow-up time was 62.9 (SD = 15.2) months with the mean MBL 0.65 mm (SD = 0.67) and mean

GBL 1.25 mm (SD = 0.83), respectively. The average BOP and PI of patients were 49.6% (SD = 30.8)

and 47.4% (SD = 37.4). Only BOP was found significantly correlated with mMBL (r = 0.321,

P = 0.01). Skeletal BMD was not associated with marginal bone loss (mean MBL: r = �0.094,

P = 0.466; mean GBL: r = 0.04, P = 0.761).

Conclusions: Within the limits of this study, osteoporosis was not a contraindication for implant

therapy, and reduced skeletal BMD was not associated with increased marginal bone loss around

implants or other complications in an elderly population.

Osteoporosis is a disease that classically

affects the elderly, especially postmenopausal

women. As the world’s population continues

to age, osteoporosis will become ever more of

a global public health concern because it

leads to severe impairment of quality of life

and even mortality (OSHK 2013).

The World Health Organization (WHO

2003) quantitatively defined osteoporosis

using bone mineral density (BMD) expressed

as T-scores obtained from dual energy X-ray

absorptiometry (DXA) radiographs referenced

against values from young Caucasian women

(Table 1). DXA imaging has been described as

the “gold standard” for diagnosing osteoporo-

sis as there are many clinical advantages

including quantifiable data, fast scan times,

low radiation dose, accurate reproducibility

and large normative data references (Blake &

Fogelman 2007).

The WHO definition’s main purpose was to

serve as a clinical medical guideline and is pri-

marily used to assess the risk of osteoporotic

associated fragility fractures, classically of the

hip. It has been criticized because it does not

correlate male T-scores nor does it take into

account T-scores of skeletal bones from other

parts of the body. Due to these limitations,

medical doctors frequently assess BMDd from

skeletal bones and use their clinical judgment

to decide upon treatment protocols for patients.

Given the lack of sensitivity of the WHO defi-

nition, updated guidelines seem to favor the

joint use of BMDat proximal femur and lumbar

spine assessment, choosing the lower of the

two scores (Kanis et al. 1994, 2013).
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Dental implants, like all dental treatments,

are not free of risks or complications, much

of it occurring in the long term. It is impor-

tant that oral health professionals identify

the risk factors that impact the survival and

success of dental implants. An association

between osteopenia/osteoporosis and

increased risk for failure of dental implants

has often been suggested, but properly

designed clinical studies addressing this issue

are scarce. Some investigations conclude that

there is no compelling theoretical or practical

basis to expect osteoporosis to be a risk fac-

tor for dental implants (Friberg et al. 2001;

Holahan et al. 2008).

In clinical dentistry, osteopenia has been

identified as a risk factor for alveolar bone

loss in postmenopausal women with peri-

odontitis (Tezal et al. 2000). As bone quality

and quantity have been regarded as funda-

mental criteria for the success of osseointe-

gration, reduced BMD in the skeleton may

impact implant survival or success of dental

implants. A systematic review showed that

there is limited information in the dental lit-

erature on the correlation between skeletal

and jaw BMD in osteoporotic patients (Calci-

olari et al. 2015). Holahan and his co-workers

at the Mayo Clinic, Rochester of USA, found

no association between osteoporotic status

and the surgeon’s assessment of local jaw-

bone quality, concluding that the relation-

ship of systemic measures of BMD and

osteoporotic status on local jawbone quality

remains poorly understood (Holahan et al.

2011). More should be known about the long-

term effect of osteoporosis on dental implant

survival, stability of marginal bone level and

overall dental implant failure.

The aim of this prospective study was to

investigate the long-term survival and suc-

cess of implants supporting mandibular over-

dentures in elderly patients and to correlate

treatment outcomes with the bone density

measurements. The null hypothesis was that

patients with reduced bone density do not

demonstrate inferior long-term treatment

outcomes than those without osteoporosis/

osteopenia.

Material and method

Study population

Ethical approval was obtained from the Insti-

tutional Review Board of the University of

Hong Kong/Hospital Authority Hong Kong

West Cluster and the Ethics Committee of

the Faculty of Dentistry, University of Hong

Kong (Ref. Nr. HKU/HA HKW IRB 001F9a).

Patients interested in receiving implant-

supported mandibular overdentures were

recruited through a charity project organized

by The University of Hong Kong. Respon-

dents attended the Reception and Primary

Care clinic of the Prince Philip Dental Hospi-

tal and underwent an initial screening by a

prosthodontic team whom assessed parame-

ters including medical history, jaw anatomy,

suitability for implant treatment and socioe-

conomic demographics. Patients were

excluded if they were diagnosed with uncon-

trolled diabetes mellitus, if they were unwill-

ing to cease smoking 3 months prior to

implant surgery or had residual mandibular

bone height <7 mm. A total of 103 patients

enrolled in the study.

Baseline data was collected which included

full medical history, smoking status, dual

X-ray densitometry (DXA) test, nutritional

assessment including body mass index (BMI

kg/m2) and serum albumin.

Bone mineral density

T-score was used in this study as the major-

ity of publications in the literature on osteo-

porosis and dental implants reported T-score

values. Z-score is conceptually the same as

T-score. However, T-score compares averages

of young healthy subjects while Z-score com-

pares BMD within the same age group.

A subject’s DXA (BMD measurement)

includes the T-scores of various skeletal

bones within the body including AP spine

lumbar (L1-L3), left femur total hip and total

body. At the initiation of the study, no DXA

test had been developed for the maxilla or

mandible or was available; therefore, our

clinical data relied on T-score of skeletal

bones.

The World Health Organization Osteoporo-

sis Diagnosis Classification dichotomizes

according to femoral head T-scores (Table 1).

This classification was intended for use by

medical doctors to assess fracture risk in

patients. The definition has been criticized for

the lack of sensitivity and the limited use the

definition that imposes on research, hence

dividing patients into categories was of lim-

ited interest (Kanis et al. 2013). Investigations

were therefore conducted to see whether cor-

relations between skeletal T-score and clinical

outcomes of dental implants could be

observed. Despite this, in order to detect

whether patients in this study had BMD prob-

lems, the WHO definition was used.

The qualities of existing dentures were

assessed using Woelfel’s index by a single

senior prosthodontist in addition to patient

self-reported denture satisfaction and chew-

ing ability scores. This index comprises five

assessment criteria, namely occlusion, reten-

tion, and stability of maxillary and mandibu-

lar complete dentures on a four-point

numeric scale (Woelfel et al. 1965). This

descriptive index was found to be simple to

use by clinicians and easily reproducible in

longitudinal studies (Fenlon & Sherriff 1999).

A new set of acrylic complete dentures with

Trubyte Bioblend IPN denture teeth (Dents-

ply International Inc., Dentsply Sirona, Saltz-

burg, Austria) and balanced articulation was

provided by the prosthodontic team for each

patient. Denture quality, patient satisfaction

and chewing ability scores were re-assessed

3–4 months after denture insertion. Patients

who were still dissatisfied with their

mandibular dentures were offered the option

of a 2-implant overdenture (IOD) (Feine et al.

2002; Sivaramakrishnan & Sridharan 2016).

Treatment procedure

Patients were offered the treatment of a 2-

implant overdenture (IOD) (Feine et al. 2002;

Sivaramakrishnan & Sridharan 2016). A

radiographic template was fabricated by mod-

ifying the duplicated mandibular complete

denture in clear acrylic resin. Orthopantomo-

graphs and spiral computed tomography (CT)

scans were taken with the radiographic tem-

plate. Implant sites were determined and the

radiographic template modified to become a

surgical guide.

A two-stage surgical protocol was adopted.

Nobel Biocare Br�anemark Mark III implants

of 3.75 mm diameter of various lengths were

selectively used in this study.

The implants were installed by dental spe-

cialists (one of the two oral and maxillofacial

surgeons or a prosthodontist with implant

Table 1. The World Health Organization osteoporosis definition

Diagnostic
category Osteoporosis definition

Normal BMD within 1 SD of the young adult mean (T-score ≥�1.0)
Osteopenia BMD >1 SD below the young adult mean, but <2.5 SD

below this value (T-score < �1.0 and >�2.5)
Osteoporosis BMD ≥2.5 SD below the young adult mean (T-score ≤�2.5)
Severe
osterporosis

BMD ≥2.5 SD below the young adult mean (T-score ≤�2.5) in the
presence of ≥1 fragility fractures
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surgical experience). Mid-crestal incisions,

full-thickness mucoperiosteal flaps, drilling

sequence according to the implant manufac-

turer’s surgical protocol and primary closure

for submerged healing were performed.

Patients were instructed not to wear their

mandibular dentures for 1 week post-surgery.

At the following week, sutures were removed

and mandibular dentures relieved over the

implants and relined with tissue conditioner

(Coe-SoftTM; GC America, Alsip, IL, USA) to

avoid loading of the implants. A healing period

of at least 3 months was observed after which

a second-stage surgery was performed. Mag-

netic keepers (Magfit�; Aichi Steel Corpora-

tion, Aichi, Japan) were secured to the

implants or Locator� abutments (Zest

Anchors, Escondido, CA, USA) instead when

there was limited denture space. Blue Locator

males of 1.5 lb (680 gm) were inserted but if

higher retentive force was requested the

patient at review visits, they were replaced by

pink males of 3 lb (1361 gm). An even higher

retentive force of 5 lb (2268 gm) provided by

clearmales had not been found to be necessary.

Mandibular dentures were reinforced with

cobalt chromium framework in the dental

laboratory. One week after second-stage sur-

gery, mandibular complete dentures were

modified chairside to accommodate Magfit or

Locator attachments using cold cure acrylic

resin (UnifastTM; Trad; GC America). Patients

were then followed up at regular time inter-

vals of which they received oral hygiene rein-

forcement, denture maintenance including

management of any prosthetic complications,

and periapical radiographs to monitor the

mandibular implants.

Standardized periapical radiographs were

taken using a specially designed radiographic

film holder (Fig. 1) at denture insertion (load-

ing of implants) and subsequent intervals (3, 6,

12, 24, 36, 72. . .months). This custom-made

holder was used to minimize discrepancies

between serial radiographs. A channel was

prepared in the film holder to accommodate

the screwdriver/driver for the Magfit/Locator

abutment allowing improved localization and

placement of the periapical film against the

implant in an otherwise edentulous mandible.

Of the 103 patients, 79 patients were even-

tually provided with IOD. After a mean time

period of 62.9 (SD = 15.2) months, each of

the original 79 patients fitted with IOD was

contacted by telephone between November

2014 and March 2015.

Measurements

At that recall visit, clinical data were col-

lected which included a periapical radiograph

for each implant, medical history update

including current osteoporotic status. In addi-

tion, implants were examined for plaque

levels (PI), bleeding scores (BOP) (O’Leary

et al. 1972) and peri-implant probing with a

standard Williams probe No. 14 at approxi-

mately 0.25N (Heitz-Mayfield 2008) was per-

formed by a single examiner. PI, BOP and

peri-implant probing depths were performed

at four sites around the implants, namely

mesial, distal, buccal and lingual sites. Two

research assistants, who were undergraduate

dental students, underwent training and cali-

bration sessions. Pilot testing was performed

to standardize methodology and minimize

inter- and intra-examiner variations.

Periapical radiographs with paralleling

technique taken at implant loading and recall

appointments were subsequently digitized

using an Epson Perfection V700 Photo Dual

lenses scanner at 24 Bit color, 400dpi, posi-

tive film (Epson, Tokyo, Japan). The digitized

periapical images were then analyzed using

ImageJ software 1.48v (Wayne Rasband

National Institutes of Health, Bethesda, MD,

USA) to measure marginal bone levels.

A reproducible reference level (base of the

prosthetic implant platform) was determined,

and a horizontal line was drawn between the

mesial and distal limits (Fig. 2). Images were

calibrated using as many clearly seen inter-

thread troughs as possible. According to

product specifications of the implant manu-

facturer’s catalog, the inter-thread distance

was 0.6 mm. Implant thread troughs were

chosen because they produced clearer images

compared to thread peaks, as the relative

radiopacity of adjacent bone often made pre-

cise peak point detection difficult.

Known implant lengths could not be used

for calibration as suggested by Patil & Nim-

balkar-Patil (2015), as many periapical radio-

graphs did not capture the full length of the

implants due to the shallowness of the floor

of the mouth in the majority of edentulous

mandibles.

The marginal bone height closest to the

implant was identified and a perpendicular

line to the reference level was drawn. If a dis-

crepancy greater than 0.2 mm between the

two assistants was observed, the measure-

ments were repeated to check inter-examiner

variation.

The two research assistants who were

blinded to the BMD status of the patient

took the measurement on the scanned peri-

apical radiographs of each implant. The

mesial (M) and distal (D) marginal bone

levels of implants 33 and 43 were recorded at

implant loading (baseline) and at the follow-

up visit (review). Marginal bone loss was

expressed as the difference of two measure-

ments (baseline minus review) in millime-

ters. The measurements of the two

Fig. 1. Reference and measurement lines: Reference

line.

Fig. 2. Reference and measurement lines: Measurement

line (vertical).
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examiners were recorded and averaged for

each site of the implant. Each patient had

four measurements of bone loss, which were

presented as 33M, 33D, 43M, 43D. For every

patient in the study, the four measurements

were averaged into one: mean marginal bone

loss (mMBL). Two parameters were utilized

in final data analysis: (i) mean marginal bone

loss (mMBL = (33M+33D+43M+43D)/4 and

(ii) greatest marginal bone loss (GBL) = the

biggest bone loss of four sites for each

patient.

Statistical analysis

The data were entered onto spreadsheets for

examination and statistical analyses. Statis-

tical tests were performed using SPSS 21.0

software (SPSS Inc., Chicago, IL, USA).

Descriptive statistics were main methods to

present data. Shapiro–Wilk test was per-

formed to confirm normality of the distribu-

tion. One-way ANOVA was used to analyze

the impact of osteoporosis status on mean

MBL and mean GBL. Nonparametric

Kruskal–Wallis test was utilized for assess-

ing the correlation of the length of observa-

tion period with mean MBL and GBL as

normal distribution was not confirmed.

Pearson correlation was conducted to

demonstrate the association of continuous

data (mean T-score vs. mean MBL). Spear-

man’s correlation was utilized, when the

normality assumption was violated (mean T-

score vs. mean GBL). Similarly, the relation-

ship between the mean BOP/PI and the

mean MBL/GBL was analyzed by Spearman’s

correlation.

Results

Data for implant survival were available for

all 79 patients. However, only 63 patients

(mean age = 76.7, SD = 5.78) finally attended

for final clinical examination and detailed

data collection for analyses. No patient was

deemed malnourished in this cohort of

patients either at baseline or at 1-year follow-

up visit (Khoo et al. 2013). The BMI of the

patients at loading of the implants and at the

latest follow-up visit also showed no signifi-

cant changes. The majority of patients

(N = 52, 82.5%) were non-smokers, five

patients (7.9%) had quitted smoking for more

than 1 year before the surgery, but 3 (4.8%)

were found to be smoking either during or

after the surgery.

Osteoporosis status was described in

Table 2. According to the WHO classifica-

tion, the normal group had 10 patients with

the mean age of 74.1 years (SD = 6.90);

osteopenia included 34 patients (mean

age = 76.4, SD = 5.57); osteoporosis had seven

patients (mean age = 77.9, SD = 5.58); and 12

patients were belonging to severe osteoporosis

group (mean age = 78.8, SD = 5.20). In terms

of the post-loading observing period, three

patients (4.8%) were less than 3 years, 25

patients 3–5 years (39.7%) and 35 patients 5–

7 years (55.6%); 39.7% of the patients were

male (N = 25); 71.4% of them presented BOP

>30% (N = 45) and 58.1% PI > 30% (N = 36).

Implant survival

Implant survival was 98.7% based on the

total 79 patients provided with IOD. Of the

original cohort of 79 patients and 158

implants, two patients each lost one implant

due to failure of osseointegration, which

leads to a 97.4% survival at the patient

level. The first patient had normal BMD, of

which implant 33 was lost 10 weeks after

installation. Six months were allowed for

socket healing, and a replacement implant

was inserted. It osseointegrated uneventfully

and no bone level changes were noted at the

follow-up examination. Implant 43 in the

same patient osseointegrated at the first

attempt. The second patient had osteopenia,

of which implant 33 was found to be loose

during second-stage surgery (3 months post-

implant installation) and was explanted.

Again 6 months were allowed for socket

healing after which the patient declined a

replacement implant. It was later discovered

that at the time of surgery, the patient con-

tinued smoking despite efforts to ensure ces-

sation.

Mean MBL and mean GBL

The mean MBL was 0.65 mm (range = 0.0–

3.10 mm), and the median was 0.53 mm.

Ten of 63 patients (16%) had no marginal

bone loss, while 29 of 63 (46%) had lost less

than 0.5 mm of bone.

Table 3 illustrates the mean MBL and GBL

compared in two independent variables.

Patients who were observed in 36–60 months

post-loading presented mean MBL and GBL

0.56 mm (SD = 0.66) and 1.09 mm (SD =

0.73), respectively. Patients who were fol-

lowed 60–84 months had the mean MBL

0.8 mm (SD = 0.66) and mean GBL 1.38 mm

Table 2. Osteoporosis distribution in the independent variables

Osteoporosis status based on WHO T-Score (femoral neck)
Osteoporosis status (N = 63)

Variables
Subgroup
(n, %)

Normal
10 (15.9%)

Osteopenia
34 (54%)

Osteoporosis
7 (11.1%)

Severe osteoporosis
12 (19%)

Age Mean (SD) 76.7 (5.78) 74.1 (6.90) 76.4 (5.57) 77.9 (5.58) 78.8 (5.20)
Range (Median) 65–88 (78) 67–88 (72) 65–86 (78) 69–84 (80) 67–84 (81)

Gender Male
(n = 25, 39.7%)

7 (70%) 16 (47.1%) 1 (14.3%) 1 (8.3%)

Female
(n = 38, 60.3%)

3 (30%) 18 (52.9%) 6 (85.7%) 11 (91.7%)

BOP ≤30
(n = 18, 28.6%)

1 (5.6%) 10 (55.6%) 2 (11.1%) 5 (27.8%)

>30
(n = 45, 71.4%)

9 (20.0%) 24 (53.3%) 5 (11.1%) 7 (15.6%)

PI ≤30
(n = 26, 41.9%)

2 (7.7%) 17 (65.4%) 4 (15.4%) 3 (11.5%)

>30
(n = 36, 58.1%)

8 (22.2%) 17 (47.2%) 3 (8.3%) 8 (22.2%)

Post-loading months ≤36 months
(n = 3, 4.8%)

1 (33.3%) 2 (66.7%) 0 0

36–60 months
(n = 25, 39.7%)

5 (20.0%) 12 (48.0%) 5 (20.0%) 3 (12.0%)

60–84 months
(n = 35, 55.6%)

4 (11.4%) 20 (57.1%) 2 (5.7%) 9 (25.7%)

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 969 | Clin. Oral Impl. Res. 28, 2017 / 966–973

Chow et al �Dental implant supported overdentures and osteopenia



(SD = 0.91). However, there was no statistical

significance in terms of the mean MBL and

GBL within the different observing period.

Osteoporosis status did not demonstrate sig-

nificant influences on the mean MBL and

GBL as well. The severe osteoporosis group

showed the highest mean MBL 0.86 mm

(SD = 0.77) and mean GBL 1.42 mm

(SD = 1.08).

Femoral neck T-score and marginal bone loss

The mean femoral T-score was �1.90

(min = �4.00, max = 1.40, SD = 1.04). No sta-

tistical correlations were observed between

mean GBL and T-score (r = 0.04; P = 0.761).

Mean MBL was also not correlated with

T-score (r = �0.094; P = 0.466) (Figs 3 and 4).

T-score values from left femoral neck, AP

spine lumbar (L1–L3), total hip and total body

were also plotted against both mean MBL

and GBL to ensure that nothing had been

missed out, and again no correlations were

observed.

Bleeding on probing, Plaque score and
marginal bone loss

The mean BOP score of sample was 49.6%

(SD = 30.8), and the mean PI was 47.4%

(SD = 37.4) (Table 4). Only BOP was found

statistically correlated with the mean MBL

(r = 0.321, P = 0.01).

Within the sample, very few patients

(n = 13) showed increased probing depths

>3 mm; therefore, correlating probing depth

to greatest or mean marginal bone loss was

statistically weak given the small sample

size, and the data were therefore deemed not

particularly useful. In addition, probing

depths were measured from the gingival mar-

gins, which did not account for gingival

recession.

Discussion

Implant survival after 62.9 months was

98.7%. As the majority of patients had some

form of reduced BMD, this high level of

osseointegration suggests that reduced skele-

tal BMD within the body does not affect

implant osseointegration and survival. Previ-

ous work of Holahan et al. (2008, 2011)

showed similar findings. The high survival

rate could partly be attributed to careful

screening and exclusion of patients with sig-

nificant risk factors such as uncontrolled dia-

betes, smoking and severe alveolar ridge

resorption.

Implant installation was performed in a

conservative manner adopting a submerged

healing protocol with at least 3 months

allowed for osseointegration prior to implant

loading. It would be reasonable to assume

that these additional clinical factors could

have contributed to high levels of successful

osseointegration, but to what extent is still

unclear and further research in this area

would be required.

Minimal marginal bone loss (mean

MBL = 0.65 mm) around the implants was

observed after a mean follow-up interval of

62.9 months. The marginal bone loss was

much lower than Albrektsson’s original 1986

definition of acceptable (“normal”) MBL, and

the implants in this study were performing

extremely well (Albrektsson et al. 1986;).

One patient who refused to have a replace-

ment implant after the initial one failed to

osseointegrate should strictly not belong to

the group of 2-implant protocol, but was nev-

ertheless included in the sample, as the

remaining implant and the denture were in

service. One could expect that a single

implant supporting an overdenture would

receive higher loading forces and stresses

compared with 2-implant-supported overden-

tures and therefore had a higher risk for fail-

ure and complications, but that was not the

case. To date, a small number of studies have

shown the potential of single implants to

support mandibular overdentures (Ismail

et al. 2015).

No statistical correlations were observed

between any of the clinical parameters and

marginal bone loss. Femoral neck T-scores

were principally investigated because of the

WHO’s definition of osteoporosis. Greatest

marginal bone loss and femoral neck T-score

are not correlated. Figure 3 shows that three

patients, who exemplify the finding with the

highest levels of bone loss of 2.7–3.2 mm,

had diverse T-score values between �1.2 and

�3.1.

A negative value of MBL suggests an

increase in marginal bone height. However,

the authors consider this unlikely that there

was bone “growth” around implants,

although such a phenomenon is observed to

a small extent in other studies as well. In

most cases, this oddity could be attributed to

a measurement error due to the limitation of

measuring techniques and difficulties in pin-

pointing the bone crest on the radiographs.

An implant study on bone remodeling used

X-ray film holders individually made for each

patient (Meijndert et al. 2004; van Eekeren

et al. 2015). The holder used in our research

was the first of its kind as an innovative

design, for taking periapical radiograph of

lone standing implants (i.e., without adjacent

teeth and/or implants) in edentulous mand-

ibles. It was an attempt to standardize the

radiographs although it did not always

achieve a precise and perfect fit, and hence

did not completely solve issues of repro-

ducibility of film positioning and cone angu-

lation. With advances in cone beam CT

technology and the ability to reduce fields of

vision, issues regarding calibration and arti-

facts associated with plain film radiographs

perhaps may be negated in the future (Tadi-

nada et al. 2015). However, higher doses of

irradiation (radiation hygiene) and higher

costs are associated with cone beam CT than

small intraoral films.

Periapical X-ray is a simple 2D image of a

3D structure, and consequently, this study

could not measure marginal bone levels at

the buccal or lingual aspects of implants. A

study on annual bone loss and success rates

of dental implants in the Netherlands used

four different calculation methods to deter-

mine loss of marginal bone on panoramic

Table 3. Mean marginal bone change (MBL) and greatest marginal bone loss (GBL) of four sites
comparisons in independent variables

Variables N = 63 (%)
Mean MBL
Mean (SD) P value

Mean GBL
Mean (SD) P value

Post-loading
period*

≤36 months
(3 year)

3 (4.8%) 0.16 (0.13) 0.086 0.9 (0.32) 0.457

36–60 months
(5 year)

25 (39.7%) 0.56 (0.66) 1.09 (0.73)

60–84 months
(7 year)

35 (55.6%) 0.80 (0.66) 1.38 (0.91)

Osteoporosis status
Normal 10 (15.9%) 0.50 (0.27) 0.855 0.98 (0.49) 0.469
Osteopenia 34 (54.0%) 0.69 (0.72) 1.33 (0.86)
Osteoporosis 7 (11.1%) 0.63 (0.61) 0.98 (0.65)
Severe
osteoporosis

12 (19.0%) 0.86 (0.77) 1.42 (1.08)

One-way ANOVA.
*Nonparametric Kruskal–Wallis test.
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radiographs (Geraets et al. 2014). Each mar-

ginal bone level point was projected orthogo-

nally on the central axis and the distances

calculated with the help of the known length

of the implant body. As periapical radio-

graphs were used in the current study and as

they often could not capture the whole

length of the implants, the Netherlands’

method could not be adopted.

Bone mineral density (T-score) as a contin-

uous variable was used for analysis, rather

than grouping the patients into four cate-

gories (normal, osteopenia, osteoporosis, sev-

ere osteoporosis) in accordance with the

WHO definition. Analyzing T-scores, not

only of the femoral neck but also of other

skeletal bones, may eliminate some limita-

tions of the WHO definition. Other skeletal

bones were explored to see whether there

could be a correlation with marginal bone

loss. If such a correlation does exist, the T-

score of a particular skeletal bone could be

used instead of the femoral head to warn the

patients and dentists the possible risk of

implant complications. By adopting a contin-

uous variable approach, ethnicity issues were

eliminated as the literature does not provide

reference values for normal BMD or adjusted

T-scores for Chinese patients to date (Zhang

et al. 2014). As patients are not placed into

rigidly defined categories for data analysis in

the present study, the possibility of misclas-

sification is thus avoided and uncertainties of

clinical parameters such as the presence of

fragility fractures are removed.

Despite a relatively small sample size,

the T-score data collected was useful due to

the diverse range of T-score values within the

study sample. In addition, T-scores from vari-

ous skeletal bones were also analyzed and no

correlations with bone level changes could be

observed.

It has been suggested that jawbones are

unique compared to the rest of the body

because they carry teeth and there is a dis-

tinction between basal and alveolar bone,

which resorbs when teeth are lost (Tallgren

2003; Pietrokovski et al. 2007). The findings

in the present study appear to support these

claims as various skeletal BMD were not cor-

related with implant survival and increased

bone loss around anterior mandibular

implants.

Tezal et al. (2000) reported a relationship

between interproximal alveolar bone loss,

BMD and periodontitis. However, their find-

ings were not observed in the present study

given the nature of placing implants in eden-

tulous mandible, which is basal bone.

At the commencement of the study and to

date, a DXA test specifically for the maxilla

or mandible was unavailable. A recent sys-

tematic review by Calciolari et al. (2015) con-

cluded future studies are needed to

investigate correlations between skeletal and

jaw BMD using DXA scans.

Fig. 3. T-score (femoral neck) vs. greatest marginal bone loss.

Fig. 4. T-score (femoral neck) vs. mean marginal bone loss.

Table 4. Correlation of BOP/PI and mean MBL/GBL

Variables Mean (SD)

Mean MBL Mean GBL
0.65 (0.67) 1.25 (0.83)
r (P value)

BOP % 49.6 (30.8) 0.321 (0.010) 0.189 (0.145)
PI% 47.4 (37.4) 0.053 (0.680) �0.074 (0.576)

Spearman’s correlation; bold value means significance.
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It has been suggested that software for the

forearmmay be adapted for the mandible (Hor-

ner et al. 1996). If a specific and cost-effective

DXA test (particularly if population based)

could be developed for jawbones, it would

allow investigation if BMD of jawbones are

related to those of skeletal bones. Better still,

if techniques can be developed to accurately

assess bone density at planned implant sites

directly, it might eventually reveal whether

BMD is a risk factor for implant success.

Most patients appeared not to have

received any treatment despite having been

informed of their bone condition. All the

patients had been given a copy of their DXA

test reports. It is surprising that severe osteo-

porotic patients appeared not to be receiving

any treatments from their family doctors.

No statistical correlation could be observed

between bone level changes and plaque scores.

Plaque and BOP levels varied greatly between

patients and from site to site. However, none

of the patients had heavy deposits of plaque.

All subjects received maintenance including

oral hygiene reinforcement and ultrasonic

scaling by the attending dentist or hygienist.

Limitations of this study include the small

number of observations (63 patients) and the

lack of T-scores at the follow-up examination

to update the BMD of the subjects. A larger

number of patients with osteoporosis in the

patient cohort rather than osteopenia would

be advantageous for analysis.

For future studies, consideration could be

given to developing DXA specifically for the

mandible and maxilla, as they are very differ-

ent in nature to skeletal bones.

Conclusions

Within the limitations of the study, the fol-

lowing implications can be drawn:

1. Osteoporosis as diagnosed by DXA of

skeletal bones is not a contraindication

for implant surgery, neither does it

appear to influence any of the long-term

success parameters.

2. Reduced BMD of skeletal bones does not

appear to be a risk factor for survival or

marginal bone loss of implants in the

anterior edentulous mandible.
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