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Abstract

with periapical changes.

Background: Aim was to compare clinical findings with x-ray findings using dental panoramic radiography (DPR).
In addition, type and frequency of secondary findings in x-rays were investigated.

Methods: Patients were selected on the basis of available DPRs (not older than 12 months). No therapeutic
measures were permitted between the DPR and the clinical findings. The clinical findings were carried out by
several investigators who had no knowledge of the purpose of the study. A calibrated investigator established the
x-ray findings, independently and without prior knowledge of the clinical findings. The evaluation parameters for
each tooth were: missing, healthy, carious, restorative or prosthetically sufficient or insufficient treatment. Type and
frequency of additional findings in the DPR were documented, e.g. quality of a root canal filling and apical changes.

Results: Findings of 275 patients were available. Comparison showed a correspondence between clinical and
radiographic finding in 93.6% of all teeth (n=7,789). The differences were not significant (p > 0.05). Regarding
carious as well as insufficiently restored or prosthetically treated teeth, respectively there were significant differences
between the two methods (p < 0.05). The DPRs showed additional findings: root fillings in 259 teeth and 145 teeth

Conclusions: With reference to the assessment of teeth, there was no difference between the two methods.
However, in the evaluation of carious as well as teeth with insufficiently restorative or prosthetic treatment, there
was a clear discrepancy between the two methods. Therefore, it would have been possible to have dispensed with
x-rays. Nevertheless, additional x-ray findings were found.
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Background

Precise dental ascertainment of findings is the key to
achieving adequate diagnostics, as well as the therapy
based on this and the best possible treatment of the pa-
tient. In addition to a comprehensive anamnesis, the
documentation of extra- and intra-oral clinical findings
is necessary. The clinical dental examination includes, in
addition to assessment of the mucous membranes, the
condition of the teeth (healthy or carious), the restora-
tive and prosthetic treatment of the teeth (sufficient or
insufficient), as well as sensitivity testing and determin-
ation of the periodontal situation [1].
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In order to complete the dental findings x-rays are
recommended [2]. Dental panoramic radiography (DPR)
provides an overview, and represents a sensible and fre-
quently used radiological basis; it enables an assessment
of the hard tissue structures of the facial area [3]. In this
way, clinical findings can be verified and supplemented
by important information. At the same time, however,
the value should be greater than the potential risk of
genotoxic effects caused by x-rays [2,4]; in this connec-
tion, the quality of the x-rays is of great importance [5].

In Germany, the relevance of DPR in providing an
overview is undisputed [6]. Already in the 1970s, the
routine preparation of a DPR in dental practices was
promoted for the pre-treatment examination: It enables
the early diagnosis of tooth and jaw anomalies [7], and
the treatment costs may be reduced in the long-term [8].
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Rushton and Horner (1996), in contrast, have questioned
the importance of x-ray findings for dental diagnostics
in the routine recording of clinical dental findings [9].
They argue that the differences between tactile-visual
findings and x-ray findings are too small and may cause
an unnecessary exposure of the patient to x-rays [9].
Moreover, the diagnostic precision has been questioned
by some other authors [10,11]. The European Guideline
on Radiation in Dental Radiography Issue No. 136 says
that in adult patients DPR may be indicated in a limited
number of dental problems [12].

Up until now, the question of the extent to which sup-
plementary x-rays provide additional and valuable infor-
mation during the clinical dental examination has not
been unambiguously clarified. Thus, it is conceivable
that, based on a proficient, reliable acquisition of clinical
findings during the first (check-up) examination in
everyday practice, the sense of an additional DPR is
questionable. Accordingly, it is possible that either no x-
rays are taken or, if it is, only an inadequate assessment
will take place instead of obtaining detailed x-ray find-
ings. However, the consequence may be the lack of or
inadequate diagnostics and possibly inadequate therapy.
In particular problems, i.e. suspicion on carious lesions
and periapicale problems bitewing radiographs and/or
periapicale radiographs, respectively, are the method of
choice [13]. Nevertheless, DPRs nowadays are com-
monly used. The reason may be that additional findings
can be detected; however, this does not justify routinely
preparing DPRs. For this reason, it seems appropriate to
systematically examine the question of the additional
value of DPR in the context of the first dental (check-
up) examination.

The aim of this study was to compare the clinical den-
tal findings of the first (check-up) examination in dental
practices with currently available DPRs in terms of an
assessment of healthy or carious, as well as restorative
and prosthetically sufficient or insufficiently treated
teeth. Also, additional x-ray findings were investigated,
in particular, sufficient and insufficient root canal fill-
ings, teeth with apicectomy or periapical changes, im-
pacted teeth, as well as shadowing of the maxillary sinus.

The following hypotheses were formulated: clinical
findings and x-ray findings based on DPR show only
minor assessment differences. However, DPR enables the
detection of a number of additional information which is
needed for comprehensive diagnostics.

Methods

The study was a cross-sectional investigation based on
available patients’ records (clinical findings and x-ray
findings (DPR)) from three dental practices of the
German Forces (locations: Wilhelmshaven (navy), Mun-
ster (army) and Koln-Wahn (air-force).” Authorization
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for carrying out the study was obtained from the
Bundesministerium fiir Verteidigung (German Ministry
of Defense), Fii San I/1, (File NO.: 42-13-05 dated
18.07.06).

Participants/x-rays

Making use of the x-ray control books of the participat-
ing centers, all DPRs from soldiers dating back to the
years 2007/2008 were determined. The x-rays had to
have been prepared within a maximum of 12 months be-
fore the dental clinical (check-up) examination. No add-
itional DPR was prepared for the study.

The following inclusion criteria were defined: current
and evaluable DPR and complete clinical dental finding,
no therapeutic measures having taken place between
preparation of the DPR and documenting of the clinical
finding. Only dental records of male soldiers who had
signed up for a fixed period (minimally 4 years) or pro-
fessional soldiers were included. The selection of the
DPRs was carried out in accordance with the inclusion
and exclusion criteria, respectively, shown in Table 1.
Furthermore, subjects with removable dental restoration
were excluded.

Clinical examination
Clinical findings (visual-tactile) were recorded on one
occasion under standardized conditions (mirror, dental
probe, illumination) during a routine first (check-up)
examination in those dental centers participating in the
study. The findings were randomly taken from two den-
tists per dental center, all dentists were skilled in dental
examination; they were not calibrated and had no know-
ledge in the study. At the time of the clinical examin-
ation, the radiographic findings of the soldiers were not
known to the six dentists.

The following parameters were recorded: missing
teeth, healthy and carious teeth, sufficient and insuffi-
cient fillings (amalgam, composite, inlay), as well as

Table 1 Quality criteria for the x-rays (DPR) in the study

Inclusion criteria Exclusion criteria

- DPR at the time of the study not
older than 12 months

+ Metallic foreign bodies
in the head region,
e.g. earrings or piercings

- Standardized setting of the x-ray
equipment: chin support, bite bar,
voltage (70 kV) and current (9 mA)

« Asymmetrical positioning
of the patient

- False positioning of the
patient’s head

- Improper presentation of
the jaws and the teeth

- Comparable/good image quality: (no
film overexposure and no soiling of the
film)

« Presentation of jaws and teeth
distortion-free as much as possible

« recognizable movement of
the patient while the picture
was being taken

- overlaying effects




Moll et al. BMC Oral Health 2013, 13:48
http://www.biomedcentral.com/1472-6831/13/48

prosthetic treatment (crowns/partial crowns), combin-
ation of findings: filling or restoration with caries in the
sense of a primary or secondary caries, as well as im-
plant treatment. Because of irregular and imprecise de-
tails or information, respectively, the sensitivity test,
initial caries lesions and the periodontal situation were
not taken into account.

Radiographic examination

The findings of the DPRs were taken by a sole inves-
tigator (MS) who was calibrated in advance (Kappa
value > 0.8).

The assessment of the DPRs was carried out under
standardized conditions in a shaded room with an x-ray
film viewer (light box) capable of functioning under such
conditions; the clinical findings were not known to this
investigator. The inclusion and exclusion criteria for the
panoramic radiographs are given in Table 1. Each DPR
was assessed twice at a 3-week interval. In the case of
deviation between the two assessments, the final finding
was established by a third assessment.

For the assessment of the x-rays, the same parameters
as for the clinical findings were used. Fillings and resto-
rations were judged to be sufficient if there was a
smooth transition between restoration and tooth. Over-
hanging fillings and crown margins, as well as radio-
lucent gaps between restoration and tooth indicating
deficient marginal fit in the sense of a secondary caries
were judged to be insufficient. Implants were simply reg-
istered without assessment.

In addition, various additional findings were recorded:

Endodontic findings: proper root canal filling, deficient
root canal filling based on the following criteria: insuffi-
ciently filled or overfilled, coronal leakage, improper
homogeneity of the filling material.
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Periapical region: periodontal ligament space widened,
periapical change, apical radiolucency, root-tip-resection.

Further findings: impacted and ectopic tooth, root resi-
due, shadowing of the maxillary sinus.

Statistical analysis

Statistical analysis was performed with the commercially
available program SPSS 14.0 (SPSS, Inc., Chicago, IL,
USA). The statistical comparison of the clinical and
radiological findings was made using the paired-rank
test. The level of significance was set at p < 0.05.

Results

Participants

A total of 302 patients’ records were available for the
period under investigation. According to the inclusion
criteria for the x-rays 275 patients’ records could be ex-
amined and analyzed. The age of the subjects ranged
from 25 to 35 years.

Clinical examination
The results of the clinical findings are given in Table 2.
Acting on the assumption of 32 teeth in the perman-
ent dentition per participant, in total there were max-
imally 8,800 teeth to assess, of these 1,007 teeth were
clinically lacking, 553 of these were wisdom teeth. 4,650
teeth were classed as being healthy (52.8%), and 318
teeth showed carious lesions (3.6%). 2,424 teeth (27.5%)
showed sufficient fillings (n=1978) or sufficient pros-
thetic restoration (n =446). In contrast, 128 teeth (1.5%)
were treated insufficiently (restorative: n = 125, prosthet-
ically: n = 3). 136 (1.5%) teeth showed fillings or restora-
tions as well as caries lesions. In the case of 121 teeth
(1.38%), the clinical examination revealed “suspected
caries”: 16 teeth had been replaced by an implant.

Table 2 Summary of the dental findings and x-ray findings, as well as the number of agreements

*Parameter for findings Clinical findings

(n=8800)/[%])

X-ray findings
(n =8800/[%)])

Number of accordance [%]  Significance level (p value)

Missing teeth 1007 (11.4) 1011 (11.5) 996 (99.6) ns.
Healthy teeth 4650 (52.8) 4858 (55.2) 4587 (95.7) ns.
Carious teeth 318 3.61) 212 (247) 176 (66.6) p <0.05
Tooth sufficiently filled 1978 (22.5) 2009 (22.8) 1873 (98.5) ns.
Tooth insufficiently filled 125 (1.42) 116 (1.32) 71 (92.8) p <0.05
Tooth sufficiently prosthetically treated 446 (5.07) 429 (4.88) 425 (96.2) ns.
Tooth insufficiently prosthetically treated 3 (0.003) 16 (0.018) 3(18.9) p < 0.05
Implant 16 (0.018) 16 (0.018) 16 (100.0) ns.
Combination (restoration and carious) 136 (1.55) 133 (1.51) 91 (97.8) ns.
Clinically: suspected caries 121 (1.38) - - -

(*Parameter for findings: in accordance with Material and Methods, n.s.: not significant = p > 0.05).
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Radiographic examination
The results of the radiological findings are shown in
Table 2.

Of 8,800 maximally possible teeth, 1,011 teeth (11.5%)
were missing; of which 553 were wisdom teeth. More
than 50% of the teeth were considered to be healthy
(n =4,858). With reference to the x-ray findings carious
lesions were found in 212 teeth (2.4%). 2,009 teeth were
sufficiently treated with fillings (22.8%) and 429 pros-
thetically (4.9%). In contrast, 132 (1.5%) teeth showed in-
sufficiently restorative (n=116) or prosthetical (n=16)
treatment. 133 (1.5%) teeth had fillings or restorations as
well as caries. In total, 16 implants were present.

Details of additional findings are summarized in
Table 3.

Endodontic findings and assessment of the periapical
region: 259 of all teeth evaluated (2.9%) showed root
canal fillings; in accordance with the laid-down criteria,
of these teeth 184 (71.0%) were assessed to have suffi-
cient endodontic treatment. In the case of the root canal
fillings considered to be insufficient. (n = 75), the major-
ity (n =42, 56%) showed inadequately filled canals. Inde-
pendent of endodontic treatment and/or the quality of
the existing root canal filling, in total, 145 teeth showed
periapical changes (1.6%). About half of them (n=72;
0.8%) were root-canal-filled teeth.

Further findings: In total, it was possible to establish
171 additional abnormalities/findings: 132 impacted or
ectopic wisdom teeth (79.5%), 31 teeth were root-tip

Table 3 Number of additional findings (n) in the x-rays (DPR)

Page 4 of 8

resected (18.7%), and 3 root residues (1.8%) were found.
In five cases, the maxillary sinus showed shadowing (3%).

Comparison of clinical and radiographic findings
It was possible to establish agreement in 93.6% of cases
of all parameters between clinical and radiological find-
ings (Table 4). There was no significant difference be-
tween the two methods of assessment (p > 0.05).

In 6.4% of the teeth discrepancies between the two
method were found, and these were distributed mainly
regarding the following findings: caries and insufficient
restorative or prosthetic treatment (Tables 2 and 4).
Within this group, there were significant differences be-
tween clinical findings and x-ray findings (p <0.05;
Table 2). Clinically, there were 130 carious lesions
present that could not be established by the x-ray find-
ings. In contrast, 23 lesions in the sense of a carious le-
sion were only identified by means of DPR findings. In
the assessment of the existing restorations, 54 teeth
showed a clinically sufficient filling (n =43) or sufficient
prosthetic treatment (n=11) that were judged with ref-
erence to x-rays to be insufficient. This contrasted with
51 clinically insufficient fillings that were assessed by x-
rays to be sufficient.

For the other parameters (healthy tooth, filling insuffi-
cient, prosthetic sufficient), there was no significant dif-
ference between the two methods of assessment
(p > 0.05; Table 2).

Type of additional findings

Number of additional findings [%]

Endodontic (n = 8800) Total 259 (2.9%)
sufficient 184 (71%)
insufficient 1 insufficiently filled 42 (16%)
2 insufficient homogeneity 2 (1%)
3 over-filled 5 (2%)
4 coronal leakage 11 (4%)
combination of 1 -4 15 (6%)
Periapical region (n=8800) Total 145 (1.7%)
periodontal ligament space widened 54 (37%)
periapical change 4 (3%)
apical raduiolucency teeth with RCF 72 (50%)
teeth without RCF 15 (10%)
Other (n =8800) Total 171 (1.9%)
impacted or ectopic teeth 132 (77%)
root residue 3 (2%)
root-tip-resection 31 (18%)
shadowing of the maxillary sinus 5 (3%)

(RCF: root canal filling).
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Table 4 Comparison between clinical (C) and radiological findings (R) using the paired-rank-test

C 0 1 2 3 4 5 6 7 8 9 Total
R
996 7 4 0 0 4 0 0 0 0 1011
11.3% 0.08% 0.05% 0.00% 0.00% 0.05% 0.00% 0.00% 0.00% 0.00% 11.5%
1 7 4587 130 18 2 0 0 0 3 (AR 4858
0.08% 52.1% 1.48% 0.20% 0.02% 0.00% 0.00% 0.00% 0.03% 1.26% 55.2%
2 0 23 176 5 1 0 0 0 0 7 212
0.00% 0.26% 2.0% 0.06% 0.01% 0.00% 0.00% 0.00% 0.00% 0.08% 241%
3 1 29 5 1873 51 6 0 0 41 3 2009
0.01% 0.33% 0.06% 21.3% 0.58% 0.07% 0.00% 0.00% 0.47% 0.03% 22.8%
4 0 2 0 43 71 0 0 0 0 0 116
0.00% 0.02% 0.00% 0.49% 0.81% 0.00% 0.00% 0.00% 0.00% 0.00% 1.32%
5 1 0 0 2 0 425 0 0 1 0 429
0.01% 0.00% 0.00% 0.02% 0.00% 4.83% 0.00% 0.00% 0.01% 0.00% 4.88%
6 1 0 0 1 0 11 3 0 0 0 16
0.01% 0.00% 0.00% 0.01% 0.00% 0.13% 0.03% 0.00% 0.00% 0.00% 0.18%
7 0 0 0 0 0 0 0 16 0 0 16
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.18% 0.00% 0.00% 0.18%
8 1 2 3 36 0 0 0 0 91 0 133
0.01% 0.02% 0.03% 0.41% 0.00% 0.00% 0.00% 0.00% 1.03% 0.00% 1.51%
Total 1007 4650 318 1978 125 446 3 16 136 121 8800
11.4% 52.8% 361% 22.5% 1.42% 507% 0.03% 0.18% 1.55% 1.38% 100%

(0 =tooth missing, 1 = healthy, 2 = caries, 3 =filling sufficient, 4 =filling insufficient, 5 = prosthetics sufficient, 6 = prosthetics insufficient, 7 = implant,

8 = combination of 2 and 3-6, 9 = suspected caries; number of accordance).

Discussion

The aim of the study was to evaluate the extent to which
clinical findings and x-ray findings based on dental
panoramic radiography (DPR) correspond with and dif-
fer from one another.

Summary of the main results

With an agreement of 93.6%, the results showed no sig-
nificant differences between the two investigative
methods (p > 0.05). In the assessment of “caries”, as well
as insufficient fillings and prosthetic restorations, there
were, however, to some extent, substantial differences
between clinical and radiological findings. In addition,
the x-rays revealed a number of additional findings: end-
odontic findings (n =259), changes in the periapical re-
gion (n = 145) and others (n =171), such as for example
impacted or ectopic teeth and shadowing of the maxil-
lary sinus.

Interpretation of the results and comparison with the
international literature

The high level of agreement of both methods of assess-
ment according to the criteria for evaluation laid down
previously is noteworthy and once more questions the
preparation of a DPR as a supplementary diagnostic tool

in the context of a comprehensive dental examination.
Accordingly, in a large number of cases, it would have
been possible to have dispensed with x-rays. Only in the
case of 6.4% of teeth there was no agreement between
the two methods of investigation. Other studies have
also raised the same question [14,15].

Assessment of healthy and carious teeth

In this study, the parameter “carious teeth” showed a
significant difference (p <0.05) between clinical and x-
ray findings. Therefore, the sensitivity for carious teeth
is lower then for healthy teeth (healthy: 95.7%, carious:
66.6%). In contrast to the study of Valachovic et al.
(1986), we obtained better results with regard to the
agreement between clinical and x-ray findings in the as-
sessment of healthy and carious teeth. For carious teeth,
those authors found with 54%, only a small sensitivity
(agreement) of the x-ray findings with the clinical find-
ings [10]. Even more unfavorable were the results of
Moleander et al. (1993) with 47% [11]. One suspects that
the better results in the current study can be traced back
to the technical advances in dental radiology. Particu-
larly for the detection of interproximal caries lesions,
nowadays x-rays, DPRs and specially bitewings, are con-
sidered to be the most suitable diagnostic aid. However,
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the prerequisite for this is that, in the preparation of the
x-rays, no errors due to the method or production occur
[16] and that the x-rays show no deficiencies in quality
[5]. Certainly, bitewings are the radiographic method in-
dicated to assess interproximal carious lesions [17].
According to Rushton et al. (2002) bitewing radiographs
will reduce the diagnostic yield identified solely by DPR
[18]. Therefore, DPRs are unsuitable for carious diagnos-
tic. The finding “carious lesion” showed only in 66.6% of
cases an agreement between the two investigative
methods. Douglass et al. (1986) found comparable re-
sults: in 60% of cases certain recognition was achieved
with a combination of DPR and bitewing radiographs
[19]. Two recent studies in which, in addition, one or
more investigators were calibrated, showed a comparably
high agreement in the identification of carious lesions
[20,21]. The values obtained by Hopcraft and Morgan
(2005) using x-rays were, for interproximal caries recog-
nition, around 93% to 97% and for occlusal carious le-
sions 33% to 42%; however, in addition to DPR, bitewing
radiographs were also included in this study [20]. In the
study presented here, more carious lesions were found
in the clinical examination than in the x-ray findings.
This result supports earlier investigations in which, like-
wise, the clinical finding was superior to the findings
based on DPR [22-24]. In contrast, Heners and Riotte
(1978) found more carious lesions using bitewing radio-
graphs than in the clinical examination [25]. Therefore,
the results of this study can not be compared with the
results of our study. Deductive, the results of our study
shows that DPR is not a good diagnostic tool to detect
carious lesions. For revealing carious lesions Rushton
et al. (2002) prefer posterior bitewing radiographs [18].

Assessment of the restorations

Overall, the differences between the two methods in the
assessment of “insufficient filling” and “insufficient pros-
thetic restoration” were greater than the agreement. To
the best of our knowledge, there have been no data
available in the literature, up until now, regarding this
question.

The extent to which the margin fit can be evaluated in
x-rays is considered to be an important criterion for de-
ciding whether there is sufficient or insufficient dental
provision. The evaluation of the various possibilities of
deficient/defective margin fit was carried out in the
present study only in terms of “sufficient” or “insuffi-
cient”. Material investigations have drawn attention to
the fact that an adequate difference in opacity between
restoration material (composite) and dental enamel must
exist in order to assess quality of the filling [26]. For this
reason, it may be possible that in the present study im-
precise statements about the margin fit were mostly
found in the case of composite restorations. Moreover, it
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should be considered that, because of the fuzziness in
the DPR, the margins could not always be unambigu-
ously evaluated. These points could explain the discrep-
ancy between the two investigative methods in relation
to the assessment of “insufficient filling”, whereby in
92.8% of teeth an agreement could be found (Table 2).
In contrast to the assessment of fillings, “insufficient
prosthetic” was more frequently made in the x-rays than
clinically. A possible explanation for this could be that a
clinical, visual-tactile judgement of the frequently sub-
gingival located crown margins is possibly more difficult.
Accordingly, in routine dental health check of adult pa-
tients DPR is not necceassary. This is in accord with
other authors [13-15,18].

Consequently, the hypothesis formulated in advance,
that clinical and radiological findings show only small
differences, was confirmed. At the same time, patho-
logical findings (caries, insufficient filling) are more fre-
quently uncovered clinically than by using x-rays.
Whereas material properties of prosthetic restorations
(e.g. precious metals, ceramics) have been well investi-
gated, there is a lack of scientific data regarding the
quality of provision of fixed artificial dentition from clin-
ical practice; compared to other forms of artificial denti-
tion, however, it was possible to record high
probabilities of survival [27,28]. Taking into account the
results presented here, the quality of fixed artificial den-
tition and the possibility of their being assessable in x-
rays appears to be subject to limitations; it is possible,
that because of the two-dimensional presentation in x-
rays the number of additional findings could have been
overestimated.

Additional findings

The assessment of the DPR revealed a substantial num-
ber of additional clinically non-conspicuous findings
(Table 4). It is here that the strength of the DPR as a
supplementary diagnostic aid to the clinical findings lies
as, in this way, an additional/substantial gain in informa-
tion can be achieved. At the same time, the advantages
and disadvantages in the preparation of a DPR in the
context of a risk/benefit analysis should be well weighed
up.

In this study, because DPR provides an overview, it
was possible to obtain in total 171 additional findings.
Compared with other studies, that is certainly a low num-
ber, but the distribution in relation to the corresponding
findings (impacted teeth, teeth with root-tip-resection
etc.) is, however, very similar when frequencies are com-
pared [29,30]. Also, the association between periapical
condition and sufficient root filling has already been
discussed in some studies [31,32] and is confirmed by the
results of this investigation. Accordingly, the second hy-
pothesis — that by using DPR a large number of additional
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findings can be uncovered — was also confirmed. However,
the quantity of additional findings nonetheless makes the
DPR an important aid in dental diagnostics. Therefore,
the preparation of a DPR including meticulous x-ray find-
ings in the context of a first dental (check-up) examin-
ation can be a helpful measure. In contrast, Rushton and
Rushton (2012) in comparing 740 DPR and intraoral ra-
diographs showed, that only in 32 DPR additional infor-
mation were found [13]. The authors conclude that
there is no reason for the use for DPRs in routine dental
health examinations [13]. The European Guideline on
Radiation in Dental Radiography Issue No. 136 supports
this opinion [12].

Implication for the practice

The results presented in this study indicate that using
comprehensive and good clinical dental diagnostics for
the assessment of healthy/carious and/or sufficiently/in-
sufficiently restored and prosthetically treated teeth, rou-
tine DPR can be dispensed with. However, because of
the additional and unintended findings, for correct diag-
nosis and adequate therapy, the combination of clinical
findings and x-ray findings is sensible.

Strengths and limitations of the study

The investigation presented here is a practice-based clin-
ical study. Overall, there is a lack of practice-related
studies, thus, this study provides a scientific contribution
from daily practice.

The clinical findings were obtained under conditions to
be found in a dental practice and were undertaken by a
number of experienced investigators/skilled dentists with-
out prior calibration and knowledge of the participants re-
garding the study. In this way, a study-determined effect
can be excluded. However, the fact needs to be taken into
account that differences may have occurred as a result of
individual subjectivity of the examining dentists, different
levels of care and clinical experience in the recording of
data. Overall, however, a high quality standard appears to
predominate in the investigation as, despite the absence of
calibration of the clinical investigators, there was a high
level of agreement with the x-ray findings. In contrast to
this, the x-ray evaluation was carried out with a high stand-
ard following prior investigator calibration. This should en-
sure that the x-ray findings were recorded completely and
comprehensively, with the aim of establishing comparability
and in order to assess the additional value of the DPR.
Moreover, because of the large number of teeth investigated
and strict selection criteria, the results can be viewed as be-
ing representative.

In the context of the clinical dental examination, only
sporadically sensitivity tests were undertaken, so that
these could not be included in the study. It is therefore
to be assumed that in making the comparison with the
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x-ray findings, additional agreement with endodontic
and periapical findings could arise.

Furthermore, the assessment of periodontal bone level
was dispensed, because of the young age of the study
population (25-35 years). In addition, in a first dental
(check up) examination the PSR®/PSI is essential for ini-
tial periodontal examination [33]. This finding was not
available in all cases. Furthermore, Ziebolz et al. (2011)
showed, that DPR is of no value in cases of initial peri-
odontal problems [33].

Conclusions

There was no difference between clinical and x-ray find-
ings. However, with regard to the assessment of carious
as well as insufficiently filled or prosthetically treated
teeth, there was a clear discrepancy between the two
methods of investigation. At the same time, DPR find-
ings were inferior to clinical findings in relation to the
parameters “carious tooth” and “insufficient filling”. Ac-
cordingly, the DPR gives the clinician no additional gain
in information in this area. Therefore, it would have
been possible to have dispensed with x-rays. Neverthe-
less, additional x-ray findings were found.

Endnote

“In the German Forces, before each deployment
abroad, dental findings are documented and x-ray find-
ings recorded based on up-to-date dental panoramic
radiography (DPR).

Competing interests
The authors declare that they have no financial or other relationships that
might lead to competing interests.

Authors’ contributions

MM interpreted the data and wrote the manuscript. MS carried out the
radiological examination and performed the determination of the study data.
CVvS has been involved in revising the manuscript critically for important
intellectual content and has given final approval of the version to be
published. AZ performed the statistical analysis. EH conceived of the study,
and participated in its design, and has been involved in drafting the
manuscript. RM has made substantial contributions to conception and
design of the study, DZ was the head of the study and has made substantial
contributions to conception, design and coordination. All authors read and
approved the final manuscript.

Acknowledgements

The authors thanks the dental offices of the military base of the German
Federal Armed Forces Cologne, Munster and Wilhelmshaven (Germany) and
there teams for supporting the study.

Author details

'Department of Preventive Dentistry, Periodontology and Cariology,
University Medical Centre, Robert-Koch Str. 40, Goettingen D-37075,
Germany. “Department of Oral and Maxillofacial Surgery, Hanover Medical
School, Hanover, Germany. 3Dental office, German Armed Forces, Munster,
Germany. “Department of Medical Statistics, Hanover Medical School,
Hanover, Germany.

Received: 8 June 2013 Accepted: 19 September 2013
Published: 26 September 2013



Moll et al. BMC Oral Health 2013, 13:48
http://www.biomedcentral.com/1472-6831/13/48

References

1.

20.

21.

22.

23.

24.

25.

Dentino AR, et al: Prevention of periodontal diseases. Dent Clin North Am
2005, 49(3):573-5%4.

Sheikh S, et al: Genotoxicity of digital panoramic radiography on oral
epithelial tissues. Quintessence Int 2012, 43(8):719-725.

Kalinowski P, Rézyto-Kalinowska I: Panoramic radiomorphometric
parameters in Polish patients. Folia Morphol (Warsz) 2011, 70(3):168-174.
Cerqueira EM, et al: Genotoxic effects of X-rays on keratinized mucosa
cells during panoramic dental radiography. Dentomaxillofac Radiol 2008,
37(7):398-403.

Peretz B, et al: Common Errors in Digital Panoramic Radiographs of
Patients with Mixed Dentition and Patients with Permanent Dentition.
Int J Dent 2012:584138. 10.1155/2012/584138. Epub 2012 Feb 8.

Sitzmann F, Benz C: Single image status or orthopantomograph:
statement of the DGZMK. Zahnarzt! Mitt 1999, 89(1):33 [in German].
Freitag V, Seidel W: On the frequency of secondary findings in panorama
layer images. Dtsch Zahnarztl Z 1972, 27:993-996 [in German].

Nitsch JP: The routine use of the orthopantomograph as a diagnostic aid
in dental practice. Dtsch Zahnarztl Z 1979, 34:231-232 [in German].
Rushton VE, Horner K: The use of panoramic radiology in dental practice.
J Dent 1996, 24(3):185-201.

Valachovic RW, et al: The use of panoramic radiography in the evaluation
of asymptomatic adult dental patients. Oral Surg Oral Med Oral Pathol
1986, 61:289-296.

Molander B, et al: Comparison of panoramic and intraoral radiography for
the diagnosis of caries and periapical pathology. Dentomaxillofac Radiol
1993, 22:28-32.

European Union European Commission: Radiation Protection 136. European
qguidelines on radiation protection in dental radiology. Luxembourg: Office for
Official Publications of the EC; 2004.

Rushton MN, Rushton VE: A study to determine the added value of 740
screening panoramic radiographs compared to intraoral radiography in
the management of adult (>18 years) dentate patients in a primary care
setting. J Dent 2012, 40:661-669.

Rushton VE, Horner K, Worthington HV: Routine panoramic radiography of
new adult patients in general dental practice: relevance of diagnostic
yield to treatment and identification of radiographic selection criteria.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2002, 93(4):488-495.
Rushton VE, Horner K, Worthington HV: Screening panoramic radiology of
adults in general dental practice: radiological findings. Br Dent J 2001,
190(9):495-501.

Rushton VE, Horner K, Worthington HV: The quality of panoramic
radiographs in a sample of general dental practices. Br Dent J 1999,
186(12):630-633.

Pitts NB: Modern concepts of caries measurement. J Dent Res 2004,
83:C43-C47. Spec No C.

Rushton VE, Horner K, Worthington HV: Screening panoramic radiography
of new adult patients: diagnostic yield when combined with bitewing
radiography and identification of selection criteria. 8r Dent J 2002,
192:275-279.

Douglass CW, et al: Clinical efficacy of dental radiography in the
detection of dental caries and periodontal diseases. Oral Surg Oral Med
Oral Pathol 1986, 62(3):330-339.

Hopcraft MS, Morgan MV: Comparison of radiographic and clinical
diagnosis of approximal and occlusal dental caries in a young adult
population. Community Dent Oral Epidemiol 2005, 33(3):212-218.

Galceré Civera V, et al: Clinical and radiographic diagnosis of approximal
and occlusal dental caries in a low risk population. Med Oral Patol Oral Cir
Bucal 2007, 12(3):E252-E257.

Sonnabend E, Ring A: Die Bedeutung der Panoramadarstellung in der
Zahnerhaltung und Parodontologie. Dtsch Zahnarztl Z 1972, 27:965-969
[in German].

Hurlburt CE, Wuehrmann AH: Comparison of interproximal carious lesion
detection in panoramic and standard intraoral radiography. / Am Dent
Assoc 1976, 93:1154-1158.

Muhammed AH, Manson-Hing LR: A comparison of panoramic and
intraoral radiographic surveys in evaluating a dental clinic population.
Oral Surg Oral Med Oral Pathol 1982, 54:108-117.

Heners M, Riotte P: Experimental studies on the radiographic
presentation of proximal caries in the lateral region. Dtsch Zahnarztl Z
1978, 33:228-230 [in German].

26.

27.

28.

29.

30.

32.

33.

Page 8 of 8

Hein CM, Noack MJ, Roulet JF: The x-ray opacity of composite materials
and hard tooth tissues. Dtsch Zahnarzt! Z 1989, 44:536-539 [in German].
De Backer H, et al: Survival of complete crowns and periodontal health:
18-year retrospective study. Int J Prosthodont 2007, 20(2):151-158.

Libby G, et al: Longevity of fixed partial dentures. J Prosthet Dent 1997,
78(2):127-131.

Grasser H, Barth HH: The importance of x-ray images in the diagnostics of
dental, facial and joint disorders. Dtsch Zahnarztl Z 1986, 41:1110-1113

[in German].

Rahn R, Czaja J: Fortuitous findings in panorama layer images. ZWR 1995,
104(2):104-106 [in German].

Hulsmann M, Lorch V, Franz B: An investigation of the frequency and
quality of root fillings. Dtsch Zahnarztl Z 1991, 46:296-299 [in German].
Klimek J, Kockapan C, Borchert J: Frequency and quality of root canal
fillings in the years 1983 and 1991. Dtsch Zahnarzt! Z 1995, 50:154-156

[in German].

Ziebolz D, Szabadi |, Rinke S, Hornecker E, Mausberg RF: Initial periodontal
screen-ing and radiographic findings - A comparison of two methods to
evaluate the perio-dontal situation. BMC Oral Health 2011, 11:3.

doi:10.1186/1472-6831-13-48
Cite this article as: Moll et al: Comparison of clinical and dental
panoramic findings: a practice-based crossover study. BMC Oral Health

2013 13:48.

( 2
Submit your next manuscript to BioMed Central
and take full advantage of:

* Convenient online submission

® Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolMed Central

. J




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants/x-rays
	Clinical examination
	Radiographic examination
	Statistical analysis

	Results
	Participants
	Clinical examination
	Radiographic examination
	Comparison of clinical and radiographic findings

	Discussion
	Summary of the main results
	Interpretation of the results and comparison with the international literature
	Assessment of healthy and carious teeth
	Assessment of the restorations
	Additional findings

	Implication for the practice
	Strengths and limitations of the study

	Conclusions
	Endnote
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


