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Table 5 Description of Complications of Cast Metal and Resin Core Restorations

Cast metal core, n (%) Resin core, n (%) P
Total 372 (100.0) 1,752 (100.0)
Core failures 72 (19.4) 193 (11.0)

1- Core loosening 14 (3.8) 24 (1.4) 0016
Caries 13 (3.5) 17 (1.0) 0002
Post fracture 0(0.0) 402 3563
Tooth fracture 1 (0.3) 302 6934

2- Core removal 6 (1.6) 44 (2.5) 2992
Caries : 3(08) 18 (1.0 8057
Endodontic retreatrment 3(08) 26 (1.5) 3064

3- Tooth exfraction or hemisection 52 (14.0) 126 (7.2 <.0001
Caries 18 (4.8) 22 (1.2) <0001
Tooth fracture 9 (2.4) 13(0.7) 0037
Marginal periodontitis 8 (2.4) 17 0.0 0210
Post fracture 0(0.0) 2(0.1) 5144
Periapical periodontits 12(3.2) 56 (3.2) 8766
Unlkcnown 4(1.1) 15 (0.9) 6835

*Chi-square test.

Discussion
Study Des'fgn

There were three prominent differences between this
study and prior long-term studies: (7] the prospective
15-year follow-up period and the large study popula-
tion, (2) the applied structured clinical core record
that enabled objective and standardized assessment,
and {2) the cementation of both core restorations with
adhesive resin cement, which displayed a better in
viro performance than conventional luting systems
previously.t-1

Despite a thorough search in the Medline database,
this study was the first to show the longitudinal CSRs
of cast metal cores luted with adhesive resin cement.
Moreover, this study was the first to compare the cast
metal core CSRs with the CSRs of resin cores ce-
mented with a similar adhesive luting material.

On the other hand, this study also had some limita-
tions, such as the large number of censored cases,
which might occur naturally in long-term studies due
to a patient’s hesitation or inability to return for peri-
odontal mainienance. Some patients were not able to
retum due to physical impairment, change of address,
or other unknown reasons not identified in the clinical
core record. However, a comparison of censored core
rates between cast metal and resin core groups
showed no statistical differences (chi-square test,
P=.1385). Therefore, the core survival/failure rates of
both groups were not influenced notably by the large
number of censored cases. Future studies should use
a more rigorous periodontal recall system, such as
sending letters to subjects, making phone calls, or
even providing additional benefits (eg, transportation
¢osts) to reduce the number of censored cases.
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Another limitation was the nonrandomization of core
treatment selection, which was determined according
to the clinician’s preference. This aspect of the study
could partially explain the baseline intergroup dispar-
ities of the subsample for analysis of risk factors for
core failure, particularly in regard to remaining coro-
nal dentin and core margin location (Table 2). However,
a subsequent multivariate analysis (Cox proportional
hazards test) of the follow-up data hopefully negated
the baseline discrepancies because some of the sig-
nificant factors detected at baseline (core margin lo-
cation, tooth type, tooth location, and DMFT Index)
were not identified as statistically significant risk fac-
tors for core failure (Tables 2 and 4). To better control
and equalize iniergroup baseline data, as well as to ob-
tain more reliable and valid results, randomized clini-
cal trials would be the best clinical design. However,
randomization is impossible in some clinical studies
due to ethical considerations.

Finally, the clinical classification of the remaining
coronal dentin was determined by the clinician’s own
judgment rather than by the precise categorization of
the number of remaining dentin walls or the degree of
dentin height and width. Futre studies should include
more specific and accurate dental anatomical inclusion
criteria.’

Core Survival Rates and Risk Factorss for Core
Faifure

The null hypothesis that no significant differences in the
CSRs between the two core groups would be observed
was rejected. The results of the Kaplan-Meler curve
clearly demonstrated the higher CSR of the resin core
group (log-rank test, #<.0001) (Fig 3). The lifetable
analysis demonstrated that the 15-year cumulative
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CSRs were 55.4% and 78.7% for the cast metal group
and the resin core group, respectively (Table 3).

According to a recent systematic review, there has
been only one quasi-randomized clinical trial evaluat-
ing the CSRs of resin and cast metal cores.! The resulis
observed herein are consistent with that clinical study,
which demonstrated that the CSR of resin cores was as-
sociated with significantly fewer failures than sonven-
tional cast metal cores after 4 years of clinical
follow-up.19

However, previous prospective longitudinal studies
demonstrated no differences in the CSRs between the
two core restorations, affirming that both treatments
have good long-term outcomes.?%?' One study, how-
ever, involved a limited sample size of less than 100
cores,” while the cementation techniques were not ad-
equately described in the other study.?' Two previous
systemaltic reviews reported that the CSR up to 72
months varied from 87.204 to 91.0% for cast metal
cores and from 81.004 to 86.4% for resin cores.%€ In this
study, a CSR of 89.6% for cast metal cores and a no-
tably higher rate of 94.2% for resin cores for the same
time interval was observed (Table 3).

There have been very few long-term follow-up stud-
ies evaluating CSRs for more than 15 years. As a result,
a detailed comparison was not feasible. A recent study
reported a 17-year cumulative CSR of 84.0% for cast
metal cores luted with zinc phasphate or glass-ionomer
cement and a variance from 71.0% 1o 84.0% for resin
core cases with minimal and substantial dentin height,
respectively.” The patient sample in that study, however.,
could have been biased due to different selection cri-
teria used by the 17 dental offices that collected the data.

In accordance with previous reviews and longitu-
dinal studies, the authors believe that the major risk
factor for core failure is the absence of remaining
coronal dentin (Table 4).1-4720.2' Extensive tooth dam-
age caused by caries, trauma, ar consecutive filling
failures weakens the structure of the remaining tooth
dentin biomechanically, thus increasing the likeli-
hood for tooth or root fracture.!-® Several in vitro
studies have also shown that a decreased amount of
remaining dentin height and thickness Is associated
with lower tooth fracture resistance independent of
the core restoration type.222-2 Therefore, preservation
of tooth structure during any dental procedure is a
must.!-

For that reason, differences in tooth preparation
techniques could have influenced the overall CSR. The
cast metal cores required undercut-free tapered root
canal preparation, which sometimes required dentin
overcutting. However, in the resin core treatment, the
tooth could be restored even with internal undercut.
Root preparation was therefore more conservative (ie,
with minimal dentin cut and axial wall paraflglism).2.28

Moreover, the prefabricated post may have fit better
because its standardized diameter size matched the
Largo Peeso Reamer.

The Cox proportional hazards test also revealed the
cast metal eore restoration type as a significant risk fac-
tor for core failure, independent of the absence of re-
maining coronal dentin (Table 4). An additional
intergroup comparison among the specific subsample
of cores luted only in severely damaged teeth (with an
absence of remaining coronal dentin) demonstrated a
significantly lower failure rate of resin cores than cast
metal cores (log-rank test, # = .0282). This finding
could be explained partially by the similar elasticity
modulus of the resin used and proper tooth dentin,
which would absorb more occlusal forces, reduce the
probability of disruption of the adhesive layer, and pre-
vent tooth fracture.2’-2

On the other hand, cast metal cores could presum-
ably increase the prohability of tooth fraciure, especially
in teeth with extensive coronal dentin destruction, due
t© mechanical properties of greater hardness and lower
resilience in comparison to tooth dentin, which would
not reduce the intensity of occlusal forces distributed
to the devitalized root and coronal dentin.2430 This
explanation is supported by the higher incidence of
complications in the cast metal core group, which ex-
perienced a 14.00h incidence of tooth extraction/
hemisection and an almost 4.00 incidence of core
lnosening. In contrast, the resin core group experi-
enced incidence rates of 720 and 1.4% for the re-
spective conditions (Table 5). In vitro studies have also
demonstrated that endodontically treated teeth re-
stored with cast metal eores had a higher prabability of
vertical fracture; moreover, the fractures were more
catastrophic and usually resulted in tooth extraction, 24

Nevertheless, these results should be analyzed cau-
tiously because of the marked baseline differences of
the subsample for risk analysis for core failure (Table
2). There could have also been a possible bias effect
due to unknown predictor variables (noninvestigated
predictors). Therefore, the extent to which the conse-
quences of sample nonrandomization and the limited
number of analyzed predictors could have influenced
the CSR is unknown. For example, a recent study
demonsirated that deniin contaminated with provi-
sional cements used between appointment intervals re-
duced resin bond swength significantly in comparison
to freshly cut dentin.’! Therefore, direct resin core ce-
mentation might have led to better bond adhesion to
the tooth structure, thus resulting in better outcomes.
This phenomenon could also explain the significantly
lower incidence of caries in the resin core group.

The decreased mechanical strength of aged teeth
could explain why age at core installation was an in-
dependent predictor for core failure (Table 4).32-34 For
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example, Kinney et al*4 reported an almost 20.0% re-
duction in dentin fraciure resistance in aged teeth.
Moreover, elderly patients would have a higher inci-
dence of root canal retreatment and core recementa-
tion associated with cumulative deleterious fatigue
due to long-term sustained occlusal stress.

Finally, a significantly higher core failure rate was ob-
served in male subjects. This finding may be partially
explained by the fact that the ocelusal force of men s
generally higher than that of women.**36 Individual
oral care might have played an important role in freat-
ment longevity; however, no conclusion could be dravn
concerning that variable because no data were col-
lested in regard to the frequency and quality of oral
health maintenance.

Other factors such as tooth location, tooth type,
DMET Index, core margin location, and root canal form
did not show the statistical significance after the 15-
year observation period. Previous studies have drawn
attention to tooth type because anterior teeth are
loaded nonaxially and therefore may be subject to more
damaging occlusal stress.?#7-3 However, based on the
results observed herein, the authors believe that the ef-
fects of oblique occlusal loading on the anterlor teeth
were not likely to be a relevant risk factor for core fail-
ure, rather the amount of remaining dentin would be a
determinant, independent of teoth type or position.

Conclusion

This clinical comparative cohort study investigated the
15-year CSR of resin and cast metal core restorations.
This study showed that the survival rate of resin cores
was significantly higher than that of the cast metal
cores and the absence of remaining coronal dentin,
core restoration type (cast metal}, higher age at core
insertion, and sex {male) were significant risk factors
for core failure. Furthermore, the incidence of core
complications such as caries, tooth fracture, and mar-
ginal periodontitis was significantly higher in the cast
metal core group.

These data are helpful for understanding the long-
term prognosis of adhesively cemented cast metal and
resin cores and may be useful in clinical decision mak-
ing. Future studies are necessary to evaluate the re -
lationship between the core survival rate and the
influence of as yet unidentified risk factors, such as the

degree of remaining coronal and root dentin structure,

(wall number and thickness), occlusal force, para-
tunctional habits (clenching and bruxsm), type of pros-
thetic treatment loading the treated tooth, postlength,
post diameter, and striet periodontal condition.
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The economic value of teeth

This is a rare but interesting paper puhlished by nondental individuals oh a community-based dertal topic. This paper examined the
ecoromic valie and the effect of oral health on labor markst outcomes by exploiting variation in access to fluoridated water during
childhood. The authors studied US populations with local water district flucridation from the 1960s owarid. Since this study was con-
ducted by nonclinicians, oval health was not evaluatad in the data. it was assumed that childiren who live in a district with water fluori-
datioh have better teeth in general The 1992 Water Fluoridation Census, compiled by the Center of Disease Cortrol, contained
details on the fluoridation status of eveiy public water system in the United States (ag, date, population seived, natural ov chetnically
adjustad). The authors combined several secondary data sets in this study to obtain information on fluoridation status, earnings, and
background demographics. Their results showed that children who grew up in a district with flucridated water eam more than a com-
parable cchort without flucridated water. Fluoride sxposuie during childhood until four anterior teeth have erupted has a statistically
significant effect on the hourly earings of women; the effect for men is statistically insighificant. The beneficial economic effect is al-
most limited exclusively to women from a low socioecoromic status. There was little evidence to suppoit oceupational sorting, statis-
tical discrimination, and productivity as potential chaniels of thess effacts.
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Abstract This study evaluated the test-retest reliability for
determining the temporomandibular joint (TMJ) disk
position, diagnosed using magnetic resonance imaging
(MRI). These assessments were done as a base-line
measurement for a prospective cohort study, which exam-
ines the risk factors for precipitation and progression of
temporomandibular disorders. Fifteen subjects (mean age,
24.2+0.94 years; male/female=8/7) were recruited from the
students of Okayama University Dental School. Sagittal
MR TMIJ images were taken with a 1.5-T MR scanner
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(Magneton Vision, Siemens) in close and maximal open
positions twice at about 1-week (6-11 days) interval. The
images were displayed using 200% magnification on a
computer screen with a commercially available image
software package (OSIRIS, UIN/HCUG). Three calibrated
examiners diagnosed the disk positions using the standardized
criteria. The disk position of each joint was classified as
normal, anterior disk displacement with or without reduction,
and others. The first and second disk position diagnoses were
compared, and the test—retest reliability level was calculated
using the kappa index. The second disk position diagnosis was
consistent with the first in 27 out of 30 joints. The calculated
kappa value representing the test-retest reliability level
between the first and second disk position diagnosis was
0.812. These results indicated that the test-retest reliability of
MRI-based diagnosis of TMJ disk positions at about 1-week
interval was substantially high, even though they were not
completely consistent.

Keywords Temporomandibular disorders (TMD)-
Magnetic resonance imaging (MRI) - Temporomandibular
joint disk position - Diagnosis - Reliability

Introduction

Magnetic resonance imaging (MRI) can accurately depict
the temporomandibular joint (TMJ) disk position. One
major advantage of MRI over all other radiographic
imaging techniques is that it does not expose the patient
to radiation. It is also non-invasive, painless, and of
minimal risk potential in comparison to other imaging
techniques [1-7]. However, the most crucial element is that
the image accurately depicts the TMJ disk position and
configuration. The validity of MRI in the assessment of the
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TMJ disk position has been evaluated using autopsy
specimens. Westesson et al. [8] first compared the disk
position of sagittal and coronal MR images with
corresponding sagittal cryosections using 15 fresh TMJ
autopsy specimens. They demonstrated that MRI correctly
delineated the position of the disk in 11 (73%) joints [3].
This accuracy rate is slightly lower than has been reported
for arthrography [9, 10]. However, there have been
substantial improvements in imaging hardware, coupled
with several software upgrades. Schwaighofer et al. [11]
reported that MR images accurately assess the TMJ disk
position at the rate of 86%. In addition, the most recent
study using a larger number of samples (55 joints) by
Tasaki and Westesson [12] demonstrated that MRI was
95% accurate in the assessment of disk position and disk
form and 93% accurate in the assessment of osseous
changes. They concluded that MRI should therefore be
considered the prime imaging modality for analyzing the
soft- and hard-tissue changes of the TMJ.

On the other hand, with regard to the reliability of disk
position assessment, some studies evaluated the effect of
examiner calibration on inter-examiner agreement levels on
disk position assessment. These studies suggested that
performing the suitable examiner calibration programs can
reduce the examiner variation [13, [4]. Another study
evaluated whether the difference of TMJ disk status
influences inter-examiner reliability of the disk position
assessment. Nebbe et al. [15] reported that the kappa
statistics - of agreement indicated moderate agreement
among all four examiners for both the medial and lateral
components of the joints. In addition, they demonstrated
that disk displacement without reduction was the category
with the greatest agreement among all examiners (kappa=
0.914). Furthermore, the inter-examiner reliability was
excellent for diagnosing disk displacements with reduction
(kappa=0.78) and for disk displacement without reduction
(kappa=0.94), when the image analysis criteria developed
by Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD) Validation Project was utilized [16].

However, no study has so far attempted to assess the
test—retest reliability of plurally MRI-scanned individual
joint disk positions. Such information is useful and
indispensable, because an MRI-based disk position assess-
ment would be questionable for clinical and research
application if the test—retest reliability is not reliable.
Therefore, this study investigated the test-retest reliability
levels of MRI-based disk position assessment in asymp-
tomatic volunteers. The study subjects underwent MRI
scanning of the TMJ twice with the jaws in closed and
maximally open positions in a [-week interval, and the
results of the disk position assessment were compared
between the initial and second scans. Plural examiners
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participated to assess the disk positions in order to evaluate
the disk position accurately, and an examiner calibration
program was performed to standardize the inter-examiner
assessment ability before the investigation. In addition,
since the three-dimensional assessment using sequential
multi-slice images of each joint may possibly diagnose the
disk position more accurately, this study detected the disk
position using seven sequential images of each joint.

Materials and methods

Subjects

This study was incidentally conducted as a base-line
measurement of a prospective cohort study on risk factors
for the precipitation and progression of TMD. The study
subjects of this large cohort study are the students of
Okayama University Dental School. The participants in the
current study were recruited from the above larger subject
population. In total, 30 subjects (male/female=16/14; mean
age, 24.1+2.97) participated in this study, and all of them
fulfilled the following subject criteria. The inclusion criteria
were (1) willing to participate in the study and (2) less than
30 years old. The exclusion criteria of this study were (1)
having claustrophobia and (2) not willing to undergo MR
imaging twice. Half of those subjects (male/female=8/7;
mean age, 23.9+0.24) were involved in the preliminary
examiner calibration program. MR images of their TMJs
were taken twice, and the mean interval between the initial
and second MRI scanning was 38.4+1.24 (from 31 to 43)
days. Another 15 subjects (male/female=8/7. mean age,
24.2+0.24) participated in the main study in this report.
They also had MR images of their TMJs taken twice with a
mean interval of 7.1+0.3 days (range from 6 to 11 days). This
study protocol was approved by the Ethical Committee for
Human Research in Okayama University Graduate School of
Medicine, Dentistry, and Pharmaceutical Sciences (No. 13).

Clinical examination

The clinical signs and symptoms of each subject were
examined by any of two examiners (C.S-N and T.O) before
the MR images were obtained. Both two examiners were
TMD specialists, and the calibration was performed before
the experiment. The clinical examination involved the
mouth opening range measurement and the palpation of
the TMJ noise. In addition, the subjects provided informa-
tion concerning pain in the TMJ and the history of the TMJ
noise. This process was also performed twice before each
scan was performed, and the examiner was randomly
assigned at each examination.
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MRI scanning technique

Bilateral sagittal MR images of the TMJs with intercuspal
and maximally jaw-opening positions were taken twice in
each subject. Scans were performed with a 1.5-T MR
imaging system (Magnetom Vision: Siemens, -Erlangen,
Germany) by the same technical expert (H.Y.). Sagittal
proton density-weighted images were taken with a fast spin
echo technique (repetition time, 2,400 ms; slice thickness,
3 mm; field of view, 125 mm; matrix, 256 x 80) and through
the use of a unilateral surface coil (127 mm). Each subject’s
head was placed with the Frankfort plane parallel to the
opening of the scanner. The head was fixed in position with
adhesive tape on a foam rubber support.

Criteria to interpret the disk status

Continuous multi-slice images (at intervals of 3 mm) were
obtained in both the close and open jaw positions. The images
were magnified (200%) and displayed on a computer screen
using a commercially available imaging software program
(OSIRIS, UIN/HCUG, Geneva, Switzerland). First, the

Medial

Lateral

individual disk position of the images was examined
separately by three examiners (T.K., T.O., and C.N.) All
examiners were the TMD and orofacial pain specialists.
All examiners were blinded to age, gender, symptoms of
each subject, and the results of the disk position
assessment by other examiners. The criteria for disk
position on the image were in accordance with the 1Z
(intermediate zone) criteria described by Orsini et al. [17,
18]. These criteria determine the disk position by judging
the position in relation to the line where the center of two
circles is connected and the posterior and anterior bands
[19] (Fig. 1). The position of the disk was considered to be
normal if the IZ was located between the anterior-superior
aspect of the condyle and the posterior-inferior aspect of
the articular eminence in the middle or above a line that
joined the centers of two imaginary circles which were
fitted to these structures. These circles were positioned to
closely approximate the condyle and the eminence out-
lines [20]. On the other hand, the judgment of the disk
position was “anterior disk displacement” when the
posterior band was located anterior from the line
(Fig. 2). Furthermore, the judgment of the disk position

Fig. 1 The images of the subject who was diagnosed as normal disk position using the criteria in this study. The images reveal that the /ine.
connecting the center of the two circles. is located between the anierior and posterior bands

@ Springer
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Fig. 2 The images of the subjects who were diagnosed as anterior disk displacement using the criteria in this study. The posterior band was

located anterior from the /ine, connecting the center of the two circles

was ‘“posterior disk displacement™ when the anterior band
was located from the line backward, and others were
regarded as normal position. The disk position of the joint
was considered displaced when at least one of the seven
slices in each TMJ was diagnosed as displaced. The disk
position, assessed in both the open- and the closed-mouth,
was combined, and the final categorization of the joint
disk status was formulated for each joint, e.g., normal,
anterior disk displacement with or without reduction
(ADDwR or ADDwoR), or posterior disk displacement
either with or without reduction (PDDwR or PDDwoR).

Calibration procedures for the three examiners

First, the three examiners separately diagnosed the initial
set of the 30 MR images with the aforementioned criteria.
Then. all examiners discussed the result of their joint disk
position assessment, and when disagreement existed. a
mutual consensus on the disk position assessment criteria
was reached. This calibration discussion took approximate-
ly 2 min for each joint disk position. Therefore, 1 h was
necessary to assess 30 joints. Next, the three examiners

@ Springer

diagnosed the second set of the 30 joints MR images. The
inter-examiner agreement before and after calibration were
calculated by using a kappa index. Those indices were
calculated between the examiners (A, B, and C) two by two
(AB, AC, and BC).

Test—retest reliability of the categorization of TMJ disk
status

The three calibrated examiners next assessed another 30
TMJ disk status (15 subjects) using the MR images
scanned twice at a week interval (mean interval, 7.1+
0.3 days). This new examination was performed under
the same conditions as the previous calibration program.
A diagnosis was considered to have been achieved for
the final individual joint disk position when at least two
of the three examiners agreed on the diagnosis. The
results of diagnosed disk position at both the initial and
second scans were compared, and these agreements
were evaluated using the kappa index calculations
(Fig. 3).
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30 joints’ MR images (15 subjects 30 joints)

MRI reading by three
calibrated examiners g

\ 4

The judgment of the disk position at each slice by
separate examiners

h 4

The final categorization of the joint disk status
for each examiner on each joint

A 4

The diagnosed categorization was dealt
(at least 2 of the 3 examiners agreed with)

A

Compared the diagnosed disk position between the
initial and second scans

Fig. 3 A flow sheet for the test-retest reliability assessment of the
MRI-based diagnosis of the TMJ disk position

Results

Effect of examiner calibration on the TMJ disk status
assessment

The comparisons of inter-examiner agreement between
before and after calibration are shown in Fig. 4. The mean
kappa values among the three examiners increased from x=
0.377 (before) to x=0.812 (after) as a result of the
calibration program. This kappa value after the calibration
program reached almost the perfect level, which was
proposed by Landis and Koch [21]. These results clearly
suggest that the inter-examiner agreements significantly
improved by the examiner calibration utilized in this study.

Test-retest reliability levels of MRI-based assessment
of TMJ disk status

Table | shows the comparisons of the joint disk status and
clinical signs and symptoms between the initial and the
second MRI scan in each subject of the main study. Nineteen
of 30 joints were diagnosed to be in a normal position, and
others were regarded as disk displacement in both the initial
and second scans. However, the results of the disk position
status of several joints were not consistent between the initial
and second scans. While the disk position of 27 joints were
consistently diagnosed same positions between initial and
latter scans, the disk position of the three joints varied

between two scans. The kappa value calculated using the
results obtained from two scans was k=0.812. These results
suggest that the test-retest reliability of MRI-based classifi-
cation of TMJ disk status at 1-week interval was substan-
tially high, even though it was not completely consistent.

A couple of subjects showed a fluctuation between the
examinations performed at a 1-week interval. While one of
the subjects (subject No. 1) did not show any joint clicking
at the first examination (at the initial MRI scanning), it was
seen at the second examination (at the second MRI
scanning) on the right side TMJ. The joint disk status
diagnosed by MRI was also changed from ADDwoR
(initial scan) to ADDwR (second scan) in this subject. On
the other hand, two subjects showed a fluctuation of joint
clicking between the initial and second examination (right
side TMJ of subject Nos. 2 and 15). Interestingly, the joint
disk statuses of those subjects were both in the normal
position and did not change between the initial and the
second MRI scanning. In addition, the joint disk statuses of
two of the subjects (Nos. 3 and 5) changed from normal to
ADDWR between initial and second scanning. However,
none of those subjects showed any joint clicking during
both the initial and second clinical examination.

Discussion

A review of the literature suggests that MRI is the optimal
way to image the hard and soft tissues of the TMJ in
patients with signs and symptoms of TMD [22, 23]. Tt can
accurately depict abnormalities of disk position and
morphology, and has therefore been used to substantiate
the clinically suspected existence of disk displacement.
Although a large number of studies reveal the excellent
validity of the MRI-based diagnosis of TMJ disk position
[11, 12], few studies have tested the reliability. Several

-
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Fig. 4 The comparisons of inter-examiner agreement between before
and after the calibration program
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studies have evaluated the inter-examiner reliability of
reading MR images of TMJ disk position and morphology
[13—15], and reported that inter-examiner agreement is high
when an examiner calibration program is performed [14] or
a quantification technique is used to interpret MR images.
Indeed, the current study also evaluated the effect of an
examiner calibration program on the inter-examiner reliability
of detecting the TMJ disk position and demonstrated that only
one calibration training session substantially improved the
inter-examiner reliability levels. However, the test-retest
reliability levels of plurally MRI-scanned individual joint
disk position have not yet been assessed. The current study is
the first report to evaluate the test-retest agreement level of the
TM]J disk position using two separate MR images. The results
showed that 90% of TMIJ disk position diagnosis was
consistent between both initial and second images, which
were scanned at a week interval. These results provided
new evidence that the reliability level of the MRI-based
diagnosis of TMJ disk positions at 1-week interval is
substantially high. In addition, this reconfirmed that it is
sufficiently valuable to apply TMJ disk position diagno-
sis in clinical and academic settings. In addition to the
highly efficient capability of MRI for depicting the TMJ
disk, other factors possibly elevated the reliability levels.
This study employed sequential multi-slice images of
each joint for the detection of the TMJ disk position.
This was different from previous studies, which applied a
few representative slices from all the images. Therefore,
employing an increased number of the slice images
might affect the reliability levels for detecting the disk
position. However, this study did not evaluate the
reliability level of the TMJ disk position using a few
selected representative slices from all the images. Future
studies which evaluate the influence of the number of the
sliced images for detecting the disk position are therefore
expected to clarify this point.

On the other hand, this study also demonstrated that a
mismatch was observed in three of 30 joints between two
scans, and a perfect match was not obtained. One of the
possible reasons for these results is that the different
detections of the disk position between initial and second
MRI scan were due to the examiners’ failure. Another
possible reason is that the TMJ disk position in some of the
participants may have changed within a 1-week interval.
Since previous studies reported that existence of TMIJ
sound fluctuates [24], a positional fluctuation is also a
possibility, especially if a patient has an intermittent locking
disorder [253, 26]. Indeed, while one of the subjects in this
study (No. 1) did not show joint clicking at the initial
examination. which was performed prior to the initial MRI
scanning, this subject did show joint clicking at the second
examination. The joint disk status of this subject actually
indicated the changes from ADDwoR to ADDwR. These

findings strongly suggested that the disk position of this
subject changed within a 1-week interval.

However, the clinical signs and symptoms of two other
subjects (Nos. 3 and 5), whose TMJ disk status was
different between two scans, did not show obvious changes
at a 1-week interval. Although neither subject showed TMJ
clicking at both the initial and second clinical examination,
the TMJ disk status was diagnosed as ADDwR at either
MRI scan. Of course, this might be due to the examiners’
failure, but the absence of joint clicking for ADDwR
individuals is not a rare finding [27]. In addition, the
ADDwR condition has been speculated to develop from an
intermittent joint displacement [28]. Therefore, either
possibility may explain the difference of disk position
status between two scanning. Future studies with larger
samples are therefore desirable to clarify this point.

In conclusion, this study indicated the test-retest
reliability of MRI-based diagnosis of TMJ disk positions
by well-calibrated plural examiners at a 1-week interval and
found a substantially high agreement. The reliability level
suggested the possibility that MRI-based TMJ disk position
diagnosis by the examiners in this study is sufficiently
reliable and employs MRI image evaluation in an ongoing
prospective cohort study on risk factors of the precipitation
and progression of TMDs.
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The effect of growth factors for bone augmentation

to enable dental implant placement: A systematic
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KEYWORDS Summary This systematic review assessed the potential benefits of growth factors for bone
Growth factors; augmentation prior to the placement of dental implants in human.

Dental implant; A systematic online review of the Medline database, using the PubMed search machine was
Bone augmentation; performed between 1966 and November 2008 by entering the MeSH terms. The primary outcome
Systematic review; of the included studies was bone regeneration of localized alveolar ridge defects.

Clinical triat The initial search identified 119 papers from the electronic database. This review produced seven

eligible papers that reported on bone augmentation with recombinant human Bone Morphogenetic
Protein-2 (rhBMP-2), recombinant human Platelet-Derived Growth Factor (rhPDGF) and Plasma-Rich
Growth Factor (PRGF). The rhBMP-2 affected local bone augmentation with increasing volume for
higher doses. Both rhPDGF and PRGF showed a positive effect in favor of the growth factor.
Differing levels and quantity of evidence were noted to be available for the growth factors
evaluated, revealing that rhBMP-2, rhPDGF, and PRGF may stimulate local bone augmentation to
various conditions. Especially the potential of rhBMP-2 is supportive. However, the confined number
of investigators using these techniques and the low number of patient treatments reported in the
literature, the generalizability of this approach is limited at this time.
«C1 2009 Japanese Association for Dental Science. Published by Elsevier Ireland. All rights reserved.
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Introduction have also been approved by the U.S. Food and Drug Admin-

Dentat implants are the most innovative and superior treat-
ment in dentistry, and are widely used for a variety of cases.
Most of the techniques that are used are evidence-based and
predictable. However, in many cases, the intended implant
site is inappropriate due to the poor bone quality or to an
insufficient quantity of bone. An insufficient alveolar ridge
height is often related to the proximity of the implant site to
other anatomical structures, i.e., the maxillary sinus or the
mandibular canal.

In order to overcome some of these difficulties, autoge-
nous bone grafts taken from the chin, the ramus of the
mandible, or the iliac crest of the same patient have histori-
cally been the standard for alveolar reconstruction, specifi-
cally, due to their osteoconductive, osteoinductive, and lack
of immunogenic properties. However, the adverse events and
complications, such as infection, pain, sensory loss, and
hematoma formation at the donor site, occur frequently
upon autogenous bone graft treatment. In addition, a donor
site with a sufficient quantity of bone is not always available.
Allograft bones, bones taken from a different person and
processed and managed by a tissue bank or commercial
supplier, have often been substituted. However, this method
also has limitations, including an inconsistent osteoinductive
activity, unfavorable host immune responses [1], a delayed
resorption, and a risk for prion and virus transmissions [2,3].

An ideal bone graft in implant dentistry should have the
following properties: it should be biomimetic; it should have
the ability to induce differentiation of the appropriate cells
(i.e., endothelial and osteoblastic cells) for the formation of
new bone; it should be easily synthesized or produced, rather
than extracted from allograft materials (to eliminate all risks
of disease transmission); it should be easily and quickly
resorbed as the osteogenic response occurs; it should have
no immune-provoking properties; it should be easily trans-
ported and stored; it should be reasonably cost-effective; it
should be capable of achieving consistent and predictable
results without being affected by different level of technical
ability of the clinician.

In order to meet these demands, dental research has
focused on the use of bioactive molecules to induce local
bone formation. Since the various growth factors that have
an effect on the bone regeneration have been discovered,
the number of related studies has increased substantially. In
particular, the factors recombinant human Bone Morphoge-
netic Protein-2 (rhBMP-2) [4—7] and recombinant human
Platelet-Derived Growth Factor (rhPDGF) {8—10] have been
shown to induce bone formation at the compromised sitesin a
variety of experimental and clinical situations. These factors

istration (FDA) for use in dentistry.

To date, there is only limited evidence to support the
application of growth factors for local bone augmentation in
dentistry, The aim of this systematic review was to summar-
ize the current literature that describes the use of growth
factors in conjunction with dental implants.

Material and methods
Study selection

We conducted an electronic search of the Medline database,
using the PubMed search machine, for the relevant selection
of studies by entering the following MeSH terms: "intercel-
lular Signaling Peptides and Proteins;” and "Dental
Implants”. We limited our results to humans, to articles
published in the English language; and, in the time range
of 1966 tc November 2008. The references of the retrieved
articles were also searched.

The inclusion and exclusion criteria

The studies included in this review met the following inclu-
sion criteria: (1) only relevant data on bone augmentation
induced by the growth factors; (2) only randomized, non-
randomized clinical trials, cohort studies, case—control stu-
dies, and case reports; (3) only studies with a clearly written
amount and:concentration of growth factors or using the kit
with fixed concentration of growth factors; {4} only studies
with a clearly defined baseline; and (5) only studies with the
application of titanium root-form implants. The most recent
report was used if more than one publication referred to the
same data. The studies that did not meet all the inclusion
criteria were excluded from the review. The studies that
dealt with the following topics were excluded: (1) in vitro
animal studies; (2) studies using gene therapy; (3) studies
with a focus on periodontal regeneration; (4) studies report-
ing systemic treatment outcomes; (5) craniofacial surgery for
total or partial reconstruction of mandibles/maxillas; (6)
cleft lip and palate surgeries; (7) distraction osteogenesis;
(8) osseointegration; (9) implant anchor; (10) immediate
loading or (11) orthopedic surgeries. Each retrieved citation
was reviewed by two independent reviewers (K.S., 0.M.).
Most of the citations were excluded immediately, due to the
information provided by the title or the abstract. If the
citation could not be excluded immediately because of its
equivocal nature, then the complete article was selected by
the two reviewers. Any disagreement between the reviews
was resolved by a consensus. To avoid any bias, the search
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process was blinded to the names of the authors, to the
names of institutions, and to the names of the journals.

The data extraction

The data were independently extracted by two reviewers '

using data extraction tables. Any disagreements were dis-
cussed until they were resolved by a consensus. The following
information were extracted: the authors, the year of pub-
lication, the study design, the number of patients, the mean
age of the patients, the follow-up period, the adverse event,
the applied dose of growth factor, the carrier system, the
control group, the type and the dimension of the defect, the
decrease in the defect of height/increased bone height/
width, the newly formed bone, and the new bone density.

Result
The study characteristics

The PubMed search identified a total of 119 citations. How-
ever, most of them were excluded immediately due to the
information provided by the title or the abstract (Fig. 1). Only
20 articles were selected for further text review [11-30].
The main reasons for excluding some studies (n = 13), after
the full text was obtained, were as follows: poor-quality data
for bone augmentation induced by growth factors, any
reports based on animal studies, and a lack of or insufficient
discussion of the clinical, radiographic, or histological treat-
ment outcomes (only descriptive presentation of results). Of
the seven eligible articles, three studies reported on bone
augmentation with rhBMP-2 [14,15,17], three studies dis-
cussed the effect of rhPDGF [11—13], and one study exam-
ined the effect of Plasma-Rich Growth Factor (PRGF) [16].
Two of the rhBMP-2 studies were randomized control trials
(RCT) with a clearly stated random allocation of subjects.
The other BMP-2 study was a prospective, human clinical trial
without a control. All of three rhPDGF studies and the PRGF
study were case reports.

Table 1 shows the characteristics of the included studies.
A total of 76 patients were treated with growth factors for
local intra-oral bone regeneration. The mean age of the
patients was 54.8 years and the mean follow-up period
was 47.1 months. Table 2 shows the operative data reported
in the included studies. The growth factors were always
administered locally, and the root form dental implant was
used in every study. The applied dose of the rhBMP-2 ranged
from 0.43 to 1.5 mg/ml or from 0.2 to 24 mg/patient. How-
ever, the rhPDGF and the PRP studies lacked this type of
information. Two different carrier systems were used for the
application of rhBMP-2. An absorbable collagen sponge (ACS)
was used in two studies [14,17], whereas rhBMP-2 was
applied to a demineralized bovine bone matrix (xenogenic
bone substitute mineral, Bio-Oss" ) in another study [15].
With respect to the application of rhPDGF, the carriers used
were Bio-Oss" , beta-tricalcium phosphate (B-TCP) and a
freeze-dried mineralized bone allograft (FDBA). For the PRGF
treatment, a combination of Bio-Oss® and autogenous bone
was used. The types of local bone augmentations observed
were sinus floor augmentations [14,16,17], preservations of
extraction socket [13,17], alveolar ridge bone augmentation
[11], and lateral ridge augmentation in combination with

Studies identified by an
electronic search (n=119)

l__.

I Total full fext articles (n=20) |

Non-relevant studies exciuded based
on information provided by the title and
abstract (n=09)

Studies excluded as a result of
duplicated publication (n=0)
Excluded literature reviews, non-
——r——. relevant studies and those without
adequate data (n=13)
v

Eligible studies (n=7)
RCT: 2
Non-RCT. 5§

Figure 1 Outline of the literature search.

simultaneous implant placement [12,15,16]. A meta-analysis
of the outcomes was not performed because of the hetero-
geneity of the studies (various indications, RCT, or cohort)

Bone height increase/defect size decrease

An increase in bone height, ranging from 10.16 +4.7 to
9.47 £+ 5.72 mm for the sinus lift procedures, and a change
in bone depth of 6.8+ 0.2 mm, for the extraction socket
augmentations, were reported for the sites treated with
rhBMP-2 (Table 3). Two RCTs included control groups without
the application of the rhBMP-2 [14,15]. In comparison to the
controls, the effect of rhBMP-2 showed substantial variabil-
ity. Boyne et al. presented negative data for the bone height,
and the average gain in the bone height was 11.29 + 4.12 mm
for the control sites and 9.47 &+ 5.72 mm for test sites with a
low dose of rhBMP-2, respectively. There were no statistically
significant differences in the control group with respect to
the increase in ridge height, and the decrease in ridge width
with the use of rhBMP-2 [14]. Only one RCT reported a
positive effect in comparison to the control group, when
the factor was applied to the lateral ridge augmentation [15].

On the other hand, rhPDGF seemed to have a positive role
in enhancing the healing of soft and hard tissues, even though
there was no clear mention and evaluation of bone regen-
eration. The result of the bone augmentation was clearly
presented by the use of pictures and dental X-rays that
showed successfully filled bone defects within 5—7 months
after the operation [11-13].

New bone formation

Jung et al. and Boyne et al. reported the new bone formation
as a percentage of the original defect or as new bone density,
respectively (Table 3). The dose of the applied factor seemed
to have an impact on the treatment outcome, with a higher
local bone regeneration for the higher doses of rhBMP-2. For a
lower dose of rhBMP-2, a positive, but not a statistically
sighificant effect was observed on the bone formation,
whereas, for a higher dose, a positive and statistically sig-
nificant effect was reported. Boyne et al. reported a sig-
nificant difference in new bone density in favor of the bone
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rhBMP-2, the rhPDGF, and the PRGF were available for an
analysis. Two human RCTs for rhBMP-2 were found, but for
rhPDGF and PRGF no human RCT was found. Almost all the
articles were old, and no RCT evaluation of the effect of the
growth factors for the dental implants had been published
recently. Seven eligible articles demonstrated that the appli-
cation of growth factors was safe and effective for bone
formation.

Three articles related to rhBMP-2, includes this systematic
review, showed a positive effect on the rhBMP application for
bone formation. Cochran et al. reported a prospective,
human clinical trial without a control in order to examine
the effect and safety of rhBMP-2/ACS on the alveolar ridge
augmentation and on the socket preservation. This study
showed that bone formation was successful when using
rhBMP-2/ACS at a concentration of 0.43 mg/ml. Jung et al.
reported a prospective, controlled, randomized, double-
masked clinical study on alveolar ridge augmentation. This
study was designed to investigate the test site and the control
site of the same patient’s jaw, which required a lateral ridge
augmentation. Despite the small number of patients, this
experimental design allows the direct comparison of the test
site and the control site by eliminating the differences such
as the patients and the doctors or other possible variables. In
addition, this is the only report that tested rhBMP-2 with
grafting material (xenogenic bone substitute; Bio-Oss*) for
lateral bone augmentation. The report concluded that the
combination of Bio-Oss" with the rhBMP-2 was able to
enhance the maturation process of bone regeneration and
increase the graft-to-bone contact in humans. The most
recent RCT study was reported by Boyne et al., and it was
designed to evaluate the effect of two different concentra-
tions of BMP-2 on the safety and efficacy of the sinus floor
augmentation. It was demonstrated that the higher dosage
produced better results. Based on the data, they concluded
the following: (1) both the high (1.50 mg/ml) and the low
(0.75 mg/ml) concentrations of rhBMP-2 were safe, with a
safety profile similar to that of bone graft; (2) both concen-
trations of rhBMP-2 induced a similar amount of bone for-
mation which was similar to that induced by the bone graft;
and (3) the higher concentration of rhBMP-2 induced bone
formation more rapidly in comparison to the lower concen-
tration. The results support the use of rhBMP-2/ACS at a
concentration of 1.50 mg/ml for the future studies of max-
illary sinus floor augmentation. In these studies, the most
frequent adverse events occurred within the first 4 post-
operative months [14,17]. The majority of the events were
equally distributed among the treatment groups and control
groups. However, the high (1.50 mg/ml) concentration of
rhBMP-2 treatment group had a significantly greater facial
edema during the first 4 months after surgery in comparison
to the bone graft group and the 0.75 mg/ml rhBMP-2/ACS
group. On the other hand, we could not obtain a clear
outcome from the three case reports that evaluated the
rhPDGF efficacy and that met our inclusion criteria. However,
the results of every study were consistent with respect to the
positive effect of rhPDGF. In addition, there is no well-
designed RCT study of rhPDGF. Therefore, the information
was not sufficient to draw any definitive conclusions, parti-
cularly with respect to the long-term evaluation.

In addition to this systematic review, we also obtained
another six eligible articles [31—36] by means of a hand-

search of the articles listed in the retrieved list of Refer-
ences. These studies assessed — only the bone grafts. They
were most likely automatically excluded on the PubMed
during our selection process because the word “Dental
Implant” was not associated strongly with these articles.
The first studies were clinical trials, one of which was a
multicenter cohort study of the effect of rhBMP-2 maxillary
sinus floor augmentation and socket preservation [31,32]
that supports the beneficial effect of BMPs. Fiorellini
reported a randomized, masked, placebo-controlled multi-
center clinical study to evaluate the effect of two concen-
trations of rhBMP-2 on the safety and efficacy of socket
preservation [33]. The trend of this study was the same as
that of the Boyne’s study; 1.5 mg/ml of rhBMP-2 was safe for
clinical application and the higher dosage produced better
results. Van den Bergh et al. [34] and Groeneveld et al. [35]
have used rhBMP-7 as an aid to increase the bone height in
sinus, prior to the placement of implants. The results from
these clinical trials indicated that the OP-1 (2.5 mg in 1 g of
collagen carrier) had the potential to initiate bone formation
in the human maxillary sinus within 6 months after a sinus
floor elevation operation. However, the behavior of this
material cannot be fully predicted.

Dickinson et al. [36] reported about the economic result of
the rhBMP-2 treatment on the alveolar bone grafting in the
older cleft patients, in order to improve poor wound healing,
graft exposure, recurrent fistula, and failure of tooth erup-
tion. According to the report for the autogenous bone graft
group, seven of the nine patients underwent the procedure
on an outpatient basis. The procedure was applied to the iliac
bone graft patients on an inpatient basis. The donor-site pain
intensity and the frequency were significant in the traditional
iliac bone graft, but it was not significant in the rhBMP-2
treated group. Furthermore, the mean length of stay was
greater for the iliac bone graft patients at 1.8 & 0.8 days in
comparison to the patients treated with rhBMP-2 at 0.4 - 0.4
days (p < 0.05). Hence, the mean overall cost of the proce-
dure, including the surgeon, the facility, the equipment, and
the anesthesia fees, was greater for the iliac bone graft group
($21,800) in comparison to the rhBMP-2 treated group
($11,100). ‘

On the other hand, the price of those growth factors isstill
relatively costly for treatment. The price of INFUSE™ kit
which contains 4.9 mg of rhBMP-2 cost more than $3000in the
United States. The rhBMP-2 and the rhBMP-7 have been used
in orthopedic spinal surgery with decreased donor-site mor-
bidity. In addition, these proteins showed promise for the
tissues that are characterized by poor wound healing, such as
irradiated tissue [37]. However, there are several reports on
the side effects associated with the high BMPs dosage and the
repeated regimens, which are required for the stable bone
regeneration in the orthopedic field [38—40]. As shown here,
the use of growth factors in humans undergoing craniofacial
and oral maxillofacial procedures has only recently been
documented. There have been investigative reports of ecto-
pic bone growth with rhBMP-2 and, consequently, its use in
growing patients is being studied carefully [41]. In order to
overcome some of these difficulties, a variety of pre-clinical
studies are carried out; such as testing new optimized carrier
systems to decrease the dosage of growth factors, producing
the growth factors by using E-coli system [42,43], or finding
the new bioactive small peptide which have osseoinduction



