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ABSTRACT

Objective: The standard imaging techniques used in dentistry consist of two-dimensional radiographic
techniques like intraoral periapical (PA) radiographs, bitewings or extraoral panoramic X-rays. Three-
dimensional methods, such as cone beam computed tomography (CBCT), are not standard procedures.
In several fields of dentistry, such as oral surgery or implantology, dental magnetic resonance imaging
(DMRI), a technique without radiation exposure, has already been introduced as a new promising diag-
nostic tool. The aim of this study was to compare the agreement of DMRI and PA radiographs in
measuring residual periodontal bone support.

Material and methods: In this study, the residual periodontal bone support of 21 teeth was investi-
gated and compared with DMRI and PA radiographs by two independent raters. Intra-class correlation
coefficients (ICCs) were calculated using the software R to identify the intra-rater and inter-rater agree-
ment of the two modalities. Bland-Altman plots were created to directly compare the two methods.
Results: Overall, all calculated ICC values showed an excellent intra-rater and inter-rater agreement
(>0.9) for DMRI, as well as PA radiographs. Bland-Altman analysis also showed a strong agreement
between both diagnostic methods in this study.

Conclusions: In conclusion, there was a strong agreement between DMRI and PA. Thus, DMRI proved
to be a comparable method to PA radiographs for evaluating the proportion of residual periodontal
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Introduction

The standard imaging techniques used in dentistry consist of
two-dimensional radiographic techniques like intraoral peri-
apical (PA) radiographs, bitewings or extraoral panoramic
X-rays. Three-dimensional methods, such as cone beam com-
puted tomography (CBCT), are not standard procedures
because of the high dose of radiation involved. Imaging
without any radiation is the safest method for the patient to
avoid exposure to radiation and to fulfill the as low as diag-
nostically achievable (ALADA) principle.

In several fields of dentistry, such as oral surgery or
implantology, magnetic resonance imaging (MRI), a tech-
nique without X-ray exposure, has already been introduced
as a new promising diagnostic tool. For example, MRI can
display the alveolar mandibular nerve very well and may also
reduce the rate of iatrogenic injuries in surgical procedures
[1]. Some disorders can be detected at an early stage [2,3].
So far, there are only a few studies investigating the imaging
of periodontal structures in dental magnetic resonance imag-
ing (DMRI) [4-6]. It has been shown that PA lesions can be
illustrated with DMRI, as well as vital pulps and the peri-
odontal ligament [4-7]. Moreover, it may help detect

periodontal lesions earlier than radiographs, as DMRI can
visualize soft tissue and inflamed tissue with a high sensitiv-
ity. Kito et al. compared DMRI with PET-CT and showed a
correlation concerning inflammation signs in the periodon-
tium [8]. Schara et al. showed an association between clinical
parameters and relaxation times of gingival tissues in vitro
DMRI. They also demonstrated a decrease of contrast signal
intensity with the improvement of clinical parameters in vivo
[9]. The authors have found no data on the precision and
agreement of DMRI imaging of periodontal lesions in com-
parison with established radiographic methods like intraoral
PA radiographs in the current literature.

The aim of this proof of principle study was to compare
the agreement of DMRI and PA radiographs in measuring
residual periodontal bone support.

Materials and methods
Study population

There were five patients included in this feasibility study
(two females and three males, mean age 47.8 years, range
34-68 years.). Patients had to be diagnosed as periodontally
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Figure 1. T1-DMR images of the left jaw parasagittal with contrast agent (Dotarem). (a—c) Parasagittal images scrolled from oral to buccal. White arrows: bottom
of the distal bony defect (least residual periodontal bone support) of teeth 36 and 37, white interrupted arrows: pulp of teeth 36 and 37. The deepest point of the
least mesial residual periodontal bone support of tooth 36 can be seen in (b) and the least distal residual periodontal bone support of tooth 37 can be seen in (a).
(d) According axial images at the level of the blue line. Interestingly, one can see that the mesial defect of at tooth 36 is located more to the lingual aspect of root,
whereas the distal defect of tooth 37 involves even the furcation area. (e) According periapical radiograph (f) Measurement in PA-radiographs: a: distance from the
apex to the bottom of the bony defect, b: distance from the apex to the top of the pulp horn, g =a/b. The same measurements were performed in the MR images

(Figure 2).

affected according to the classification of Armitage [10]. For
that reason, a complete periodontal examination was per-
formed including clinical attachment loss and clinical pocket
depth at six sites per tooth with a periodontal probe
(PCPUNC 15) at the University Hospital Heidelberg in the
Section of Periodontology of the Department of Restorative
Dentistry. Tooth vitality of included teeth was considered as
an inclusion criterion for this study. Endodontic treatment
and extensive restorations close to the pulp were considered
as tooth-related exclusion criteria to avoid any artifacts in
the pictures and to be able to detect the pulp in both imag-
ing methods as reference [11]. Twenty-one teeth met these
criteria and were included in the study. The patients had to
be free of any conditions that do not allow a DMRI to be
taken, for example, pacemakers, insulin pumps, metallic
implants and claustrophobia.

All patients gave informed consent to participate in the
study. The study protocol was approved by the ethics com-
mittee at the University Hospital Heidelberg (file number:
S-452/2010).

Radiographic and DMRI examination

One DMRI was taken of each patient at the Clinic of
Neuroradiology of the University Hospital Heidelberg with a
3T DMRI system (Magnetom Trio; Siemens AG, Erlangen,
Germany). A dedicated 16-channel-surface coil (NORAS MRI
products, Hochberg, Germany) was used. A scanning proto-
col optimized for high resolution imaging of teeth and perio-
dontium was applied including T2 and T1 weighted Turbo
Spin Echo Sequences. Patients received the contrast agent

Dotarem® (Guerbet, BP 57400, 95943 Roissy CdG Cedex,
France), intravenously. All measurements of periodontal
defects were performed on a contrast-enhanced, fat-satu-
rated T1 weighted sequence with a repetition time (TR) of
580 ms, an echo time (TE) of 11 ms, a slice thickness of 1Tmm,
0.469 x 0469 mm pixel spacing and a field of view of
120mm x 120mm. The overall acquisition time was
20 minutes. Each patient additionally received intraoral PA
radiographs of the included teeth if clinically indicated as
the diagnostic reference standard (Sirona Heliodent DS, 60kV
7mA, phosphor stimulable plate, Dirr Dental, Software
DuerrScan 1.0). The DMRI and corresponding PAs had to be
taken within 1 month.

DMRI and the PA radiographs were analyzed by two
raters, one dentist and one radiologist, each of them with at
least 4 years of clinical experience. All PA radiographs and
DMRIs were measured twice. The investigators were blinded
to each other and blinded between the two methods.
Quantitative analysis was performed on a SIEMENS Syngo
Workstation (Syngo MMWP VE31A, syngVE32B, Erlangen,
Germany) by the two investigators.

The examination method is described in Figures 1 and 2.
In PA radiographs the distance between the apex of the root
and the deepest point of the bony defect of each tooth was
measured mesially and distally (= a) and compared with the
distance between the apex of the root and the correspond-
ing pulp-horn of the tooth (=b). The deepest point of the
bony defect was defined as the most coronal point where
periodontal ligament space showed a continuous width [12].
The pulp horn was determined as a relevant reference mark
by consensus amongst all authors because it provides the
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Figure 2. lllustration of measurement method in DMRI for the measurements of the residual bone height at the mesial root of tooth 36. (1-6) DMRI images of
tooth 36 scrolled from oral to buccal. Yellow dot: location of the mesial pulp horn (highest location in image 5), green dot: location of the apex of the mesial root
(image 5), red dot: deepest point of the mesial bony defect (image 3). Accordingly, a ratio g (= a/b) was calculated and compared.

Table 1. ICC values to investigate the inter- and
intra-rater agreement.

ICC r1 DMRIT vs DMRI2 (RBS) 0.992
ICC r1 PA1 vs PA2 (RBS) 0.953
ICC r2 DMRIT vs DMRI2 (RBS) 0.993
ICC r2 PA1 vs PA2 (RBS) 0.995
ICC r1 DMRI vs r2 DMRI (RBS) 0.977
ICC r1PA vs r2 PA (RBS) 0.969

ICC: intra-class correlation coefficient; DMRI1: first
measurements of DMRI; DMRI2: second measure-
ments of DMRI; PA1: first measurements of PA
radiographs; PA2: second measurements of PA
radiographs; RBS: residual bone support, r: rater.

advantage to be reliably detectable in PA radiographs as
well as in DMRI. Other alternatives such as the Cemento-
Enamel-Junction (CEJ) were considered less useful because
they cannot be identified in DMRI. The absolute measure-
ments could not be used for a comparative study, due to
the different angulations of the two methods PA radiographs
and DMRI. Accordingly, a ratio g (=a/b) was calculated and
compared. The same anatomic landmarks were pointed out
in DMRI and the same distances were measured by scrolling
through the associated images in parasagittal and coronal
sections to be able to calculate the ratio g. The method of
identifying the landmarks is described in Figure 2. DMRI
images were scrolled through from oral to buccal. The loca-
tion of the highest detectable pulp horn was marked in the
according picture. This point was transferred in all other pic-
tures by software. Afterwards the location of the apex of the
root was pointed out in the according picture and trans-
ferred in all others pictures by software. The distance
between these two points represents distance b. Then the
deepest point of the bony defect was marked. A line was
drawn perpendicular to distance b from the apex of the
tooth named line c. Then another line was drawn perpen-
dicular to ¢ from the deepest point of the bony defect. The
distance between line c and the deepest point of the bony
defect represents distance a. Accordingly, a ratio q (=a/b)
was calculated and compared (Figure 2). The measurements

of molars and premolars based on DMRI data were per-
formed in the parasagittal sections and the measurements of
anterior teeth in the coronal sections.

The ratio g, as a targeted parameter, was used to compare
these two methods concerning measurements of residual
bone height. Bland-Altman plots were created to compare the
two methods for statistical analysis. The intra-class correlation
coefficient (ICC) was calculated to identify both the inter-rater
and the intra-rater agreement by using the software R in com-
bination with the packages ‘irr, ‘IpSolve’ and ‘xtable’ [13-16].
Consequently, the absolute measurements of the residual bone
height were used as a targeted parameter.

Results

While taking the PA radiographs and the DMRIs with
Dotarem, no adverse reactions occurred and no patient
showed discomfort.

In total, 21 teeth were measured at 41 sites twice, at 5
DMRIs and 10 corresponding PA radiographs. Six of the teeth
were anterior teeth, 11 premolars and 4 molars. Ten teeth
were located in the lower jaw and 11n teeth in the upper
jaw. The mean clinical probing depth was 4.5+2.8 mm and
the mean clinical attachment level was 5.7 + 2.7 mm.

First, the intra-rater agreement of the two methods DMRI
and PA radiographs were determined by the ICC of the meas-
urements of the residual bone height. High ICC-values of 0.992
(rater 1) and 0.993 (rater 2) for DMRI and 0.953 (rater 1) and
0.995 (rater 2) for PA radiographs were observed. Analyzing
the inter-rater agreement ICC values of 0.977 (DMRI) and 0.969
(PA radiographs) were calculated (Table 1). Actual measure-
ments have been added as a supplementary file.

Two Bland-Altman plots were created by using the ratio
g to compare the two methods. Three lines are implemented
within each plot to achieve an easier interpretation. The
dashed lines show the mean value +1.96 standard deviation,
meaning that 95% of the values are in between these lines.
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Bland Altman Plot DMRI vs PA radiographs
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Figure 3. Bland-Altman plots. (a) Bland—Altman Plot rater 1: The mean difference is —0.0056 (solid line). 95% of values are in between 0.07 (upper dashed line)
and -0.09 (lower dashed line). (b) Bland—Altman plot rater 2: The mean difference is —0.0019 (solid line). 95% of values are in between 0.06 (upper dashed line)

and -0.07 (lower dashed line).

The solid line indicates the mean of differences. Both raters’
results indicate that there is a strong correlation between
these two methods. Rater 1 has a mean of differences of
ratio g of —-0.0056 £ 0.043; whereas, rater 2 has a mean of dif-
ferences of ratio g of -0.0019£0.032. 95% of the differences
between the methods were in the range of 0.07 and -0.09
for rater 1 and 0.06 and -0.07 for rater 2 (Figure 3). The ICC
of the measurements of the distance b were calculated with
the goal of excluding significant errors of gq. Comparing the
measurements of rater 1 versus those of rater 2 resulted in
ICC values of 0.931 (DMRI) and 0.904 (PA radiographs),
respectively

Discussion

The findings of the present study indicate excellent agree-
ment of DMRI and PA radiographs when measuring residual
periodontal bone support. The high ICC-values of more than
0.9 indicate high inter-rater and intra-rater agreement of
both modalities. Thus, DMRI and PA radiographs that is the
reference method in our study, showed high levels of reli-
ability and reproducibility.

Two Bland-Altman plots allow for the direct comparison of
the two methods by using the ratio g. Only minor differences
of g (mean difference -0.0056+0.043 (rater 1) and

-0.00196 £0.032 (rater 2)) and a small range of 95% of meas-
urements (0.07 and -0.09 rater 1 and 0.06 and -0.07 rater 2)
strongly concur the agreement between the two measurement
methods. In addition, neither PA radiographs nor DMRI seem
to over- or underestimate residual bone support independent
of lower values of g, indicating little residual bone height, or
higher values of g, indicating more residual bone height
shown by the mean differences around the reference point, 0.

A few limitations of the present study should
be mentioned:

Firstly, there were differences in angulation between the
two methods, prohibiting a direct comparison of absolute
values. However, these differences were accounted for by
using the ratio q.

PA radiographing, not clinical measurements, was the ref-
erence technique in this study because none of the routine
clinical measurements, PD or CAL, can be transferred into
the DMRI datasets used in this study. The anatomic land-
marks margin of the gingiva (PD) or CEJ (CAL) cannot be
identified on DMRI due to artifacts by the tongue. PA radio-
graphs have previously been shown not to differ statistically
in terms of linear measurements of residual periodontal
bone support compared to intraoperative measurements.
[17] Thus, PA radiographing was chosen as a reference. The
measurements  applied in  our study represented



measurements of soft tissue (distance a) as well as of hard
tissue (distance b). They demonstrate the accuracy of DMRI
as a matter of principle concerning periodontal structures.
Three-dimensional visualization of a periodontal defect, such
as a furcation defect or a vertical defect, can be of prognos-
tic value for the clinician. In the future, the morphology of
periodontal defects may be illustrated and calculated by
DMRI similar to CBCT but without radiation. This could be
enabled using novel DMRI techniques that allow for three-
dimensional imaging of periodontal tissue [18-21]. Secondly,
the resolution of the DMRI sequence used in this study may
be questioned. However, the DMRI sequence used in this
study had an in-plane resolution of 0.469 x 0.469 mm which
was one of the highest achievable resolutions available at
the time of this study. Although DMRI cannot yet equal the
resolution of PA radiographs, the achieved resolution is
within the clinical tolerance level of 0.5 mm. Future techno-
logical developments may improve resolution capabilities
[22,23], and subpixel algorithms enable a more precise imag-
ing than the actual resolution would allow [24]. Thirdly, in
practice, not all patients are suitable to receive DMRI, but
most of them can receive a PA; for example, patients with
cardiac pacemakers, insulin pumps, metallic implants and
claustrophobia. Furthermore, there are materials used in den-
tistry that cause artifacts in DMRI, such as stainless steel
orthodontic appliances and CoCr alloys [11]. A relative disad-
vantage of this study may be the use of contrast agent for
DMRI. Although evidence shows that the use of the contrast
agent Dotarem® is safe [25,26], it takes more time to apply
the agent. Adverse reactions may occur and, moreover,
patients treated with the contrast agent have a tendency to
feel discomfort compared with patients on whom this agent
was not used. In this study population, none of the patients
showed adverse reactions after the use of Dotarem®. Fourth,
DMRI devices are currently relatively expensive and not as
widely accessible to dentists compared with X-ray methods.
MRI scanners are operated by qualified radiologists and not
by dentists. Therefore, more manpower is required to con-
duct a DMRI. Acquisition time is much longer for DMRI com-
pared with a PA. Taking a PA represents a fast imaging
method, which can be conducted by a dentist. However,
DMRI is a relatively new technique and technical improve-
ments may result in faster acquisition times, and more
affordable equipment, suitable for use in a dental office.
Similarly to CBCT, which was very expensive when first intro-
duced, but is now quite affordable.

Despite all these limitations, one must consider that DMRI
represents an imaging technique without any ionizing radi-
ation. This is a major advantage compared to contemporary
patient imaging techniques. Although the impact of dental
radiology on the health of the oral cavity and its surrounding
structures is not well known, radiation should be avoided as
much as possible. Several technical improvements such as
digital charge-coupled device sensors and the use of rect-
angular collimation have already reduced the amount of
necessary radiation, although it cannot be avoided
altogether [27,28].
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Within the limitations of the study, there was a strong
agreement between DMRI and PA, and DMRI proved to be a
comparable method to PA radiographs for evaluating the
proportion of residual periodontal bone support. Further
studies are required before implementing this new approach
to the clinical routine in dentistry.
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