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Today, there are many diagnostic techniques aid-
ing the clinician in presurgical planning of dental

implants. Preoperative radiographic examination is
an essential diagnostic method to determine the
size, location, and angulation for each dental implant
and to choose the number of implants to place.1,2

Examination of bone quality and quantity and rel-
ative anatomic structures, including the maxillary
sinuses, nasal cavity, incisive canal, mandibular canal,
and mental foramen, is paramount for successful
implant therapy.3–6 Two-dimensional imaging meth-
ods, including periapical, occlusal, cephalometric,
panoramic radiography, and cross-sectional imaging,
including different kinds of tomographies and mag-
netic resonance, are the radiographic methods of
choice for preoperative evaluation.1–3,7 Some authors
claim that 2-dimensional radiographs can be enough
for presurgical implant planning,1,8 but the others
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Purpose: This study compares the prevalence and the length of mental loops, which were measured
with panoramic radiographs and spiral computerized tomographs (SCT). Materials and Methods: Sev-
enty-three panoramic radiographs and 73 SCTs were taken for preoperative planning of implant place-
ment in the interforaminal region of the anterior mandible. The bone quality of both mental regions in
each patient was determined by 1 experienced calibrated clinician, and the cross-sectional images of
the SCTs were evaluted for bone quality according to the Lekholm and Zarb classification. Panoramic
radiographs and cross-sectional SCT images were examined carefully by the same calibrated clinician
to determine the presence and to measure the length of the mental loop in each patient. The relation-
ship between these radiographs was also examined and correlated with bone quality. Paired samples t
test and Pearson’s correlations were used to examine the agreement between 2 radiographic methods
at each bone quality. A 5% level of significance was chosen. Results: The prevalence of the mental
loop in panoramic radiographs and spiral CT images was 28% and 34%, respectively. The mental loop
was identified more frequently in spiral CT images regardless of bone quality. The demonstration of the
mental loop between radiographic methods was more pronounced in poor bone quality. The mean
length of the mental loop in panoramic radiographs was 3.71 ± 1.35 mm and 3.00 ± 1.41 mm in SCT.
Measurements for panoramic radiographs were higher than those for spiral CT images. There was a
correlation of r = 0.66 (P = .01) between the 2 radiographic methods, indicating agreement. Conclu-
sions: SCT demonstrated a higher prevalence of mental loops than panoramic radiographs. SCT can
be more useful to visualize and measure the mental loop in low bone qualities. Panoramic radiographs
significantly overestimate (P = .02 in type 3, P = .01 in type 4) mental loop length, which were mea-
sured in spiral CT images in poor bone quality, but there is a close correspondence between these 2
radiographs in higher quality bone. INT J ORAL MAXILLOFAC IMPLANTS 2008;23:919–925
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believe there is a need for additional cross-sectional
imaging.7,9,10

The important anatomic landmarks in the
mandible are the mandibular canal, through which
the inferior alveolar nerve passes, the mental foramen,
and the mental nerve, which has an anterior loop
(genu). The location of the mental foramina and the
anterior loop of the mental neurovascular bundle
determine the location of the most distal contralateral
implants at interforaminal area.5,6,11,12 Surgical trauma
to the mental nerve is possible during the implant
therapy and causes altered sensation of lower lip and
chin.13 Furthermore, direct damage to the incisive
nerve may also cause sensory disturbances.14

There are conflicting reports on the frequency
and length of the anterior loop of the mental
nerve.6,11,12,15–22 In these studies, the existence and
the extent of forward-projecting genu were deter-
mined by periapical radiography,12 panoramic radi-
ography,6,15,21 spiral computerized tomography
(SCT),18 direct measurement during the surgery,17 or
dissection in cadavers.6,12,15,16,19–22

One prominent feature of cross-sectional imaging
is its capacity to give information about the bucco-
lingual width of the alveolar bone.2,3,11 Additionally
determining the maxillary sinus floor23 and the supe-
rior border of the mandibular canal has been shown
to be more accurate in cross-sectional tomography
than panoramic radiography.4 However, hitherto
none of the studies has assessed the difference in
measurement of the mental loop between these 2
radiographic methods.

The aim of this in vitro radiographic validation
study was to determine whether panoramic radiogra-
phy (as opposed to SCT) would be sufficient to locate
the mental canal in accordance with the ALARA prin-
ciple (as low as reasonably achievable) regarding radi-
ation exposure and to compare the length of the
anterior loop of the mental nerve along with bone
quality between these radiographic techniques.

MATERIALS AND METHODS

Seventy-three patients (39 female and 34 male) aged
18 to 68 years who were referred to the Department
of Periodontology and Department of Oral and Max-
illofacial Surgery, Gulhane Military Medical Academy
(GMMA) for implant therapy in the interforaminal
area from 2004 to 2006 were included in the study.
Before starting implant surgery, the patients were
subjected to complete radiographic examination
consisting of panoramic radiography and SCT. All
panoramic images were obtained using the same
Panovra 10-C ( Toshiba Panoramic X-ray Unit)

orthopantomograph with CEA OGA screen film (CEA
OGA AB, Strangnas, Sweden). The exposure factors
were 55–65 kVp, 5–7 mA, 15 s time for panoramic
radiography. SCT was performed with a 16-channel
multidetector Philips MX8000 IDT (Philips Medical
Systems, Best, Netherlands). SCT was used at 120 kV
and 221 mA, with 0.5-s rotation time, with 1.6 � 0.75-
cm rectangular collimator, 1.0-mm slice thickness.
The data were transferred to a network computer
workstation (Philips Extended Brillance Workspace
2.0.11; Philips Medical Systems). The film processing
conditions were standardized by using a Kodak-2180
(Eastman Kodak, Rochester, NY) automatic developer.

Radiographic Measurement Procedure
All radiographs were measured by one of the authors
(MS), who is a maxillofacial surgeon with previous
experience in SCT, panoramic radiograph interpreta-
tion, and implant dentistry. Before the observation
period, the guidelines for measurements were dis-
cussed, and the observer was calibrated in both radio-
graphic systems to recognize the existence and the
length of the mental loop.The borders of the object to
be measured were well defined, and the observer was
also aware of misinterpretation by both verbal and
written instructions. In each patient, both contralateral
mental regions were checked for mental loops. All
examinations were performed on a standard radio-
logic view box with a lens displaying 4� magnification
under standardized viewing conditions, and in each
case, measurements were made to the nearest 0.5 mm
with a transparent plastic ruler. When assessing a
tomographic cross-sectional cut for the location of the
mandibular or mental canal was difficult, the observer
was allowed to look at the adjacent tomographic slices
on the same radiograph but not at the panoramic or
axial view of the SCT. The values obtained from the
panoramic measurements were corrected for their
magnification (divided by the enlargement factor 1.3)
as defined by the manufacturers. SCT images were in
their actual size (ratio 1:1). Measurement of the length
of the mental loop was repeated 2 weeks later to eval-
uate the reproducibility of the recordings. The exam-
iner took the second set of measurements without
having access to the initial set.

I f  an anterior loop was observed on the
panoramic radiograph, the extent of the anterior
loop of the mental canal was measured by measur-
ing the shortest distance from the 2 lines drawn
passing through the most anterior point of both the
mental foramen and the mental canal, as described
by Kuzmanovic et al (Fig 1).6 If an anterior mental
loop was observed on the SCT, the extent of the
anterior loop was measured by counting the first and
last cross-sectional 1.0-mm-thick slices in which the
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mandibular and mental canals were seen together or
attached like a “figure 8” (Fig 2).11 Care was taken to
exclude the last slice of mental foramen opening to
the external cortex and the first slice of the small
incisive channel for the mandibular anterior teeth,
which is narrower than the mandibular canal.11,18

Bone Quality Evaluation
The bone quality of the mandibular anterior region
was subjectively classified by cross-sectional images
of the SCT according to the Lekholm and Zarb24

classification in both of the mental nerve regions in
each patient by the same author (MS).

Data and Statistical Analysis
For all statistical calculations, SPSS 10.0 software
(SPSS, Chicago, IL) was used. The intraobserver repro-
ducibility of the measurements was expressed as the
difference between duplicate recordings and was
assessed using kappa statistics. If the measurements
were not duplicated, the mean of both values was
used for data analysis. If a mental loop was observed
in both radiographic methods, measurements were
made and mean differences were calculated for each
and for all bone qualities.

Agreement between panoramic and SCT radio-
graphs was assessed in 2 ways. Absolute agreement
was estimated by comparing the mean difference
with a paired samples t test, and then Pearson corre-
lations were used to examine the relative agreement
between 2 radiographic methods at each bone qual-
ity. P values less than .05 were considered significant.

RESULTS

The intraobserver reproducibility of the initial mea-
surements made in PR and SCT as evaluated from
duplicate, 2-week-apart measurements are pre-
sented in Table 1. In 72% of panoramic and 66% of
spiral images, the mental loop could not be deter-
mined. Only 8% and 2% of the PR and SCT measure-
ments were deviated more than 1 mm, respectively.
The results of Kappa statistics showed 0.36 (P = .02)
and 0.42 (P = .01) reproducibility for panoramic
radiography and SCT, respectively.

The prevalence of the mental loop in quality types
1 through 4, which was determined in both radio-
graphs, was 24%, 24%, 14%, and 17%, respectively
(Fig 3). In all bone qualities more mental loops were
determined in SCT than panoramic radiography.

Table 2 shows that the length of the mental loop
was measured to be 0.71 ± 0.21 mm greater in the
panoramic radiographs than the SCT images (P =
.014). In all bone qualities there was an overestima-
tion in mental loop measurements on the panoramic
radiographs when compared with SCT. The highest
overestimation was seen in type 4 bone (1.11 ± 0.52
mm, P = .01), the lowest in type 1 (0.22 ± 0.25 mm,
P > .05).

The correlation between radiographic methods
ranged from r = 0.41 in type 4 (P = .031) to r = 0.83 in
type 1 (P = .01), indicating relative agreement, espe-
cially in types 1 and 2 bone (Table 3).

Fig 1 (Right) Mental foramen and mandibular
and mental canals have indistinct borders in type
4 bone quality, which makes measurement of the
mental loop difficult on a panoramic radiograph.

Fig 2 (Below) SCT of the same patient shown
in Fig 1. Anterior loop of the mental nerve
appears in cross sections 93 through 98, nerve
exits in cross sections 99 through 100. Loop has
a “figure 8” shape with the mandibular canal.
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DISCUSSION

Before the implant surgery in the interforaminal
region, radiographic examination is necessary to iden-
tify mental foramen, mental loop, and available bone
quality and quantity. Locating mental foramen and its
genu is essential to avoid neurologic deficits.13 During
preoperative implant planning, 2-dimensional
panoramic radiography is routinely used to locate
these anatomic landmarks. Tomographs are usually
used to determine available bone quality and volume
in buccolingual dimensions but not usually to locate
mental foramen or its anterior loop.3,11,13

Some studies have suggested that the length of
the anterior loop cannot be measured with
panoramic radiography unless the mental canal is

Table 1 Reproducibility of Measurements of the Length of the
Mental Loop in Panoramic Radiography and SCT

Difference between
Panoramic SCT

duplicate measurements n % n %

Indeterminable/lack of mental loop 105 72 96 66
Perfect concordance (± 0 mm) 15 10 21 14
± 0.5 mm 9 6 14 10
± 1 mm 6 4 11 8
± 1.5 mm 4 3 2 1
± 2 mm 3 2 2 1
± 2.5 mm 3 2 0 0
± 3 mm 1 1 0 0
Total 146 100 146 100

Table 2 Comparison of Average Measurements of Mental Loop in
mm from Panoramic Radiography and SCT by Bone Quality

Panoramic SCT PR–SCT

Bone quality Mean SD Mean SD Mean SD P

Type 1 3.51 1.25 3.29 1.52 0.22 0.25 NS
Type 2 3.63 1.81 3.16 1.30 0.47 0.19 NS
Type 3 3.82 1.46 2.78 1.96 1.04 0.65 .028
Type 4 3.91 0.54 2.80 0.61 1.11 0.52 .010
All 3.71 1.35 3.00 1.41 0.71 0.21 .014

NS = not significant.
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Fig 3 The prevalence (%) of determined mental loop (ML) in panoramic radiography
(PR), spiral computerized tomography (SCT), or both radiographs in different bone
qualities.

Table 3 Relative Agreement of Mental Loop
Length Between Measurements with Panoramic
Radiography and SCT by Bone Quality

Bone quality n r P

Type 1 12 0.83 .010
Type 2 15 0.88 .027
Type 3 3 0.53 .022
Type 4 2 0.41 .031
All 32 0.66 .018

n = number of loops determined in both radiographs; r = relative agreement.
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connected to the mandibular canal6,25 or that it can
be confused with the large incisive canal in comput-
erized tomographs.13 In other studies, not only the
mental loop but also the incisive canal was deter-
mined by panoramic radiography22 and SCT.18 The
present study compared the use of panoramic radi-
ography and SCT to determine and measure the
length of the mental loop.

Radiographic measurements were repeated in
order to calculate the intraobserver error. Intra-
observer reproducibility showed that repeated mea-
surements were more accurate in SCT (� = 0.42)
when compared with panoramic radiography (�=
0.36; Table 1). Deviation of 2.5 to 3 mm could be seen
in panoramic radiography even though an experi-
enced, calibrated clinician made all measurements.
The radiographic determination of the anterior loop
in panoramic radiography can be adversely affected
by showing no connection with the mandibular
canal and poor bone quality.6 Radiopaque structures,
especially superimposition of cervical spines in the
anterior region, may hide the loop in panoramic
images.26 But in buccolingual cross-section images
of SCT, this deviation remained 2 mm at most. This
may be the result of the pre-eminent ability of SCT to
show the boundaries of the mandibular canal, men-
tal foramen, and anterior loop more clearly in
patients of all ages and both genders.18 Kuzmanovic
et al6 reported a perfect intraobserver and interob-
server agreement with panoramic radiography for
measuring the length of the mental loop. In contrast,
Lindh et al4 showed a clear interobserver deviation
when measuring the distance between the alveolar
crest and the mandibular canal in panoramic mea-
surement and concluded that the tomographic
images were more accurate than panoramic images.

In previous reports, there were clear distinctions
in the prevalence of the mental loop. This prevalence
varied between none and 94%.15,19 Kieser et al19 and
Rosenquist17 stated that this wide range in the
results of studies may be due to linear measurement
of the 3-dimensional mental nerve. They stated that
the mental loop is usually an artifact that actually
does not exist. In the study presented here, the
prevalence of the mental loop in panoramic radiog-
raphy, SCT, and both radiographs were 28%, 34%, and
21%, respectively. The results of Kuzmanovic et al,6

Rosenquist,17 and Mardinger et al,12 who reported
low prevalence of the anterior loop, were in agree-
ment with the present findings; Jacobs et al18

reported the presence of the mental loop to be 11%
with panoramic radiography, which was lower than
our results. The differences in the prevalence of the
anterior loop in their study and the present study
may be explained by difference in bone quality. In

good bone quality, the mental canal walls can easily
be seen by well-defined cortical borders in both 
radiographs. In the present study, the mental loop
was less prominent in type 4 bone, which is in accor-
dance with Jacobs et al.18

In types 1 and 2 bone, both radiographs deter-
mined similar prevalence of mental loop, but in type
4 bone the prevalence of mental loop was much
higher in SCT images (Fig 3). This can be the result of
the CT capability to show the cortical margins of the
neurovascular bundle more clearly when compared
with other tomographs and panoramic images even
in poor bone quality (Figs 1 and 2).4 However, narrow
tomographic slices may not provide sufficient con-
trast to determine thin cortical walls despite the high
dose of radiation given.3 Nevertheless, 2-dimensional
images such as periapical and panoramic radiogra-
phy have evident deficiencies, depending on patient
position (projection geometry)3,9,14 and corticaliza-
tion quantity of the canal wall.4,14 The prevalence of
mental loop, which was determined with both radio-
graphs, was prominently lower in poor bone quali-
ties. Anderson et al27 reported that as the inferior
alveolar nerve approaches the foramen mentale, the
decrease in the definite bone walls of the mandibu-
lar canal can affect panoramic measurements.

Previous studies have also shown significant varia-
tion of the length of mental genu ranging from 0.5
mm to 1 cm.11–17 This wide variation in results may
be related to case selection and diagnostic tech-
niques.19–21 In all bone qualities evaluated in the 
present study, the mean length of the anterior loop
mental nerve was 3.71 mm and 3.00 mm in
panoramic radiography and SCT, respectively. This is
congruent with Arzouman et al15 who reported 3.18
mm (Panelipse, Gendex Dental Systems, IL) and more
than Kuzmanovic et al,6 who noted 1.50 mm (Sore-
dex, Orion Corporation, Helsinki, Finland) mental
loop length in panoramic images. Bavitz et al16 found
maximum mental loop length to be 1 mm,
Mardinger et al14 reported 2.19 mm, and Kuzmanovic
et al6 reported 1.20 mm mental loop length in cadav-
eric samples, which differs from the SCT measure-
ments in the present study in all bone qualities. In a
study performed to determine the vulnerability of
the mental nerve during genioplasty in 80 Korean
cadavers, Hwang et al21 reported a 5-mm anterior
loop, which is longer than the measurements pre-
sented here.

Results showed that there was good correlation
between these radiographs, especially in types 1 and
2 bone qualities, which have radiographically promi-
nent corticalized canal walls, indicating a close corre-
spondence (Table 3). Nevertheless, the mean differ-
ence between these measures is statistically
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significant in poor bone qualities. Reddy et al stated9

that there is still an error in both planes even after
the magnification correction of manufacturer infor-
mation, with more significant changes in the hori-
zontal plane. Both methods measure the mental loop
length; however, panoramic radiography had consis-
tently higher readings (Table 2). This may be the
result of the magnification in the vertical plane, espe-
cially in the anterior region,3,6,9 and nonuniform
magnification, especially in the horizontal plane,
which is highly variable in the panoramic radiography
despite correction for magnification.3,7,9 Serhal et
al,28 who measured the distance between the alveo-
lar crest and the mental foramen by panoramic, spiral
tomographs, and computerized tomographic (CT)
images, reported that panoramic images showed
more deviation from the perioperative measure-
ments than tomographs and overestimated the dis-
tance because of patient positioning or inadequate
ability in locating the foramen.

The bone density classification system proposed
by Lekholm and Zarb24 was a scoring system based
on cross-sectional radiographic assessment.7 This
classification has been modified to evaluate bone
density during drilling by tactile sensation.29 Both of
these methods have been accepted as subjective
classification systems, and the need for objective
evaluation was met by CT axial images evaluated by
quantitative data called Hounsfield units.29 But this
quantitative bone density measurement cannot dif-
ferentiate types 2 and 3 bone qualities clearly and
can be impractical for use in every patient.30,31 There
is a significant correlation found between subjective
cross-sectional classification and Hounsfield units,
especially in type 1 and type 4 bone qualities,30,31 so
the authors prefer to evaluate bone density practi-
cally with the Lekholm and Zarb24 classification sys-
tem in cross-sectional SCT images.

The results of the present study indicate that
intraobserver deviation is higher with panoramic
radiography (Table 1) and that there is significant
overestimation in mental loop length measurements
when compared with SCT images, especially in poor
bone qualities (Table 2). The prevalence of the men-
tal loop is less in panoramic radiographs with poor
bone qualities, maybe because of less corticalized
canal walls leading to an undefined mental loop, but
this insufficency can be solved by taking SCT images
in these patients for accurate evaluation. Poor bone
qualities are less prevalent in the anterior mandibu-
lar region,29 so SCT images can be unnecessary for
assessing the mental loop because similar results are
obtained with panoramic radiographs in bone types
1 and 2, thus conforming to ALARA principle.

In conclusion, in poor bone qualities, taking only a
panoramic radiograph may cause the mental loop
not to be determined or its length to be overesti-
mated when compared with SCT. Overestimating the
length will not cause any significant problem, but
taking only a panoramic radiograph may cause the
mental loop to be missed, leading to surgical trauma
and altered sensation.
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