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Abstract. Panoramic radiographs are the most widely used radiological diagnostic
technique in dental practice, offering full vision of the maxillas and adjacent
regions, but there are shortcomings regarding detailed dentoalveolar exploration.
This study compared the precision of digital versus conventional panoramic
radiographs in the presurgical evaluation of impacted lower third molars. 390
mandibular third molars were studied in 287 patients; their position, morphology
and surgical technique used were recorded. 84 molars were evaluated with digital
panoramic radiographs, and 306 with conventional panoramic radiographs. Four
observers compared the presurgical data with the surgical findings and the
diagnostic precision was established. There were statistically significant differences
between the techniques; digital panoramic radiographs were more precise than
conventional radiographs in providing the correct presurgical evaluation of the
impacted third molars. Surgeon experience had a statistically significant influence
on planning the presurgical study. Panoramic radiographs distort the position and
morphology of the lower third molar, which may affect the presurgical strategy
used. In this context, and because of their lesser experience, first year residents
consider the operation to be more complicated, and tend to act less conservatively
and cause increased trauma. In conclusion, digital panoramic radiographs offer Accepted for publication 29 June 2009
significantly greater diagnostic precision than conventional panoramic radiographs. Available online 5 August 2009
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Diagnostic predictability of digital and conventional panoramic radiographs

Panoramic radiographs are the most
widely used complementary radiological
diagnostic technique in dental practice and
oral surgery®. Their multiple diagnostic
applications include the presurgical study
of impacted third molars. The technique
has a number of limitations, since it gen-
erates a two-dimensional image of three-
dimensional structures. As a result, it is
often necessary to request complementary
radiological studies such as intraoral
radiographs or computed tomography
scans.

In the last 10 years, advances in panora-
mic radiology have improved image qual-
ity and digital radiology has almost
replaced conventional panoramic radio-
graphs. It has not been determined
whether the quality of digital images
affects the diagnostic impression com-
pared with the images afforded by con-
ventional panoramic radiographs. Such a
comparison is essential when a new pro-
cedure is introduced into daily clinical
practice. The authors designed a prospec-
tive study to compare the diagnostic pre-
dictability of conventional panoramic
radiographs with digital panoramic radio-
graphs in application to the presurgical
evaluation of impacted third molars®.

Material and methods

A prospective consecutive study was made
of287 patients (125 males and 162 females)
referred to the Service of Oral Surgery
(University of Barcelona Dental Clinic,
Barcelona, Spain) for the surgical removal
of one or more impacted mandibular third
molars. The study sample consisted of 390
molars (84 examined with digital panora-
mic radiographs, and 306 with conven-
tional panoramic radiographs).

The study included impacted third
lower molars with full root formation
and no added pathology presenting radi-
ological manifestations. The teeth were in
a submucosal position or exhibited total or
partial impaction in bone. Patients with
uncontrolled systemic disease or signs and
symptoms of active local infection were
excluded. Erupted third molars or molars
with incomplete root formation were also
excluded.

The panoramic radiographs were exam-
ined with a 35 cm x 50 cm negatoscope by
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Table 1. Percentage concordance according to the type of panoramic radiograph technique
employed, in relation to each of the study variables.

Variable Panoramic radiograph technique ~ Frequency  Percentage
Number of roots Conventional 1018 74
Digital 347 78
Root curvature Conventional 825 60
Digital 295 66
Direction of roots Conventional 917 66
Digital 328 74
Relationship between roots Conventional 1013 73
Digital 333 75
Surgical technique Conventional 985 71
Digital 383 86

four previously calibrated observers with
different degrees of surgical experience: a
first year resident, a second year resident, a
third year resident and an experienced oral
surgeon. The study variables were divided
into morphological and surgical types.
The morphological variables were: num-
ber of roots (1, single root; 2, two roots; 3,
multiple roots); root curvature (1, straight;
2, curved mesial; 3, curved distal; 4,
curved in opposite directions); direction
of the roots (1, parallel; 2, convergent; 3,
divergent); relationship between roots (1,
separate; 2, fused). The surgical variables
were: ostectomy (yes or no); dental sec-
tioning (1, no sectioning; 2, sectioning of
the crown; 3, sectioning of the crown and
roots; 4, coronoradicular sectioning).
Diagnostic precision was established as
the concordance between the observer data
and the surgeon’s findings during the opera-
tion. All the operations were undertaken by
oral surgeons with the same level of surgi-
cal experience (second or third year resi-
dents). The assessors were the surgeons
who extracted the mandibular third molar.
The results were processed with the Statis-
tical Package for the Social Sciences (SPSS
version 12.0; SPSS, Chicago, IL, USA;
license of the University of Barcelona).
The differences in diagnostic precision
between the digital and conventional
panoramic radiographs were analysed for
each observer using the Mann—Whitney U-
test and the Kruskal-Wallis test. Statistical
significance was set at p < 0.05.

Results

Third lower molars were studied in 287
patients (125 males and 162 females) with
amean age of 27.95 years (standard devia-

Table 2. Statistical contrast data® for the type of panoramic radiograph technique.

tion 9.33). A final sample of 390 lower
third molars was included (84 examined
with digital panoramic radiographs and
306 with conventional panoramic radio-
graphs).

Table 1 shows the percentage concor-
dance and frequency for all the study
variables according to the type of panora-
mic radiographs used (conventional ver-
sus digital). In all cases, percentage
concordance was greater when the digital
technique was used. The differences
between the two techniques only reached
statistical significance in the case of the
variables root curvature, direction of the
roots and surgical technique (Table 2).

On examining the percentage concor-
dance and frequency of each of the obser-
vers, a rising trend with growing
experience was seen for all variables
except the surgical technique, in which
the second year resident showed a higher
concordance rate than the third year resi-
dent. In all other cases, the first year
resident was the observer with the least
percentage concordance, while the experi-
enced oral surgeon showed the greatest
concordance (Table 3).

To determine which variables proved
significant according to the type of obser-
ver involved, comparisons were made
between each pair of observers. On con-
trasting these differences (Table 4), the
association was seen to be statistically
significant for all comparisons between
the different observers in relation to all
variables except the number of roots.

Discussion

A statistically significant relationship was
observed between the experience of the

Number of roots

Root curvature Direction of roots

Relationship between roots

Surgical technique

Mann—Whitney U-test 292926
Z —1.852
Asymptotic signif. 0.064

285960 283614
—2.506 —2.923
0.012 0.003

301476 260760
—0.664 —6.298
0.507 0.000

? Grouping variable: type of panoramic radiograph technique.
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Table 3. Percentage concordance and frequency according to the observer, in relation to each of the study variables.

Variable Observer Frequency Percentage
Number of roots Resident 1 328 72
Resident 2 339 74
Resident 3 346 76
Experienced oral surgeon 352 77
Root curvature Resident 1 252 55
Resident 2 267 59
Resident 3 297 65
Experienced oral surgeon 304 67
Direction of roots Resident 1 286 63
Resident 2 313 69
Resident 3 314 69
Experienced oral surgeon 332 73
Relationship between roots Resident 1 321 70
Resident 2 332 73
Resident 3 336 74
Experienced oral surgeon 357 78
Surgical technique Resident 1 316 69
Resident 2 348 76
Resident 3 337 74
Experienced oral surgeon 367 80

Table 4. Statistical contrast data®® for the variable ‘observer’.

Number of roots

Root curvature Direction of roots

Relationship between roots

Surgical technique

X2 3.710
Degrees of freedom (df) 3
Asymptotic signif. 0.295

16.813 10.912
3 3
0.001 0.012

7.718 15.921
3 3
0.052 0.001

#Kruskal-Wallis test.
® Grouping variable: observer.

observer and study variable concordance.
This is because the greater experience of
the oral surgeon causes presurgical plan-
ning to be more precise. The first year
resident showed the lowest concordance in
relation to surgical technique, and was the
observer indicating the greatest need for
ostectomy and tooth sectioning during
extraction of the impacted molar when
conducting the presurgical study. This is
due to the lesser experience of first year
residents causing them to view the opera-
tion as being complicated. They tend to be
less conservative and use a more traumatic
surgical technique.

The authors have found no studies in the
literature that support or contradict their
findings in relation to the surgical vari-
ables. A comparison could be made
between their data relating to the morpho-
logical study variables and the results of
other authors. In the present study, root
curvature was the variable showing the
least concordance among all the obser-
vers. This may be because the two-dimen-
sional nature of panoramic radiographs
makes it difficult to establish the spatial
location of the roots precisely.

Regarding the number of roots, Bene-
diktsdottir et al. reported no statistically
significant differences according to the
type of panoramic radiographs used, or

the observer (a general dentist and an oral
surgeon), when the mandibular third
molars presented two or more roots. When
the lower molar presented a single root,
digital panoramic radiographs proved
more precise. In the present study, all
the observers showed increased concor-
dance in relation to the number of roots
when using the digital technique, regard-
less of the number of roots involved.

Differences can also be found on exam-
ining different modalities of digital
panoramic radiographs. In this sense,
Benediktsdottir et al.* found that photo-
graphic paper printing and transparent
film facilitate the presurgical study com-
pared with on-screen images, though the
differences were not statistically signifi-
cant. In the present study, all the panora-
mic radiographs were examined printed
on paper.

Panoramic radiographs distort the posi-
tion and morphology of the molar, which
may cause a modification of the presurgi-
cal study’. By obtaining intraoperative
impressions, Sant’ Ana et al.” demon-
strated a mean difference of —5.37°
between the true position of the molar
and the image on the panoramic radio-
graphs. Despite the degree of distortion,
they considered panoramic radiographs to
be the complementary radiological tech-

nique best suited for the diagnosis and
planning of third molar extraction.

Bell et al.! reported statistically signifi-
cant differences between the preoperative
radiological study and the intraoperative
findings regarding the anatomy of the third
molar. They considered panoramic radio-
graphs to be useful for determining the
position, depth and type of molar impac-
tion, but noted that the oral surgeon must
be aware of the scant diagnostic precision
afforded in terms of the morphology of the
third molar.

Notall investigators have reported super-
ior precision of digital panoramic radio-
graphs over the conventional technique.
Molander et al.® found the quality of both
types of panoramic radiographs to be simi-
lar for most purposes, though they consid-
ered the digital images to be poorer than the
conventional images, and noted that
improvements in image quality are needed.

The low radiation dose associated with
digital versus conventional panoramic
radiographs is one of the advantages of
the digital technique. The possibility that
such a reduction in radiation dose can
impair the quality of the images is the
subject of controversy. Da Nnewitz
etal.* reported that panoramic radiographs
obtained at a lower milliampere dose
yielded poorer quality images, with no
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statistically significant differences versus
standard panoramic radiographs.

In conclusion, the two systems evalu-
ated in this study allow adequate presur-
gical evaluation of impacted mandibular
third molars. Digital panoramic radio-
graphs offer greater diagnostic precision
than conventional panoramic radiographs.
The experience of the oral surgeon is a
significant factor when planning a strategy
for the surgical removal of impacted lower
third molars.
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