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ORIGINAL ARTICLE

Validity of the vertical tube-shift method in determining the relationship
between the mandibular third molar roots and
the inferior alveolar nerve canal

Anjana Arora, Bharati A. Patil, Amandeep Sodhi
Department of Oral Medicine and Radiology, The Oxford Dental College, Bangalore, India

Abstract (J Korean Assoc Oral Maxillofac Surg 2015;41:66-73)

Objectives: To assess the validity of the vertical tube-shift method using intraoral periapical radiography (IOPAR) for determining the relationship
between the mandibular third molar roots and the inferior alveolar nerve (IAN) canal in comparison with cone-beam computed tomography (CBCT).
Materials and Methods: Fifty impacted mandibular third molars were analyzed using the IOPAR vertical tube-shift method and CBCT. The re-
lationship of the IAN canal to the impacted mandibular third molar was recorded as buccal, lingual or in line with the apex and was compared with
CBCT findings. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the vertical tube-shift method in
depicting the relationship (buccal/lingual/in line with the apex) of the IAN canal to the third molar root apex was calculated.

Results: The sensitivity and specificity PPV and NPV of the IOPAR vertical tube-shift technique was found to be highest for a lingual relationship
(100%) followed by buccal (94.4%, 92.3%, 97.1%, and 85.7%) and in line with the apex relationship (88.9%, 95.0%, 80.0%, and 97.4%) of the IAN
canal with the third molar root apex, respectively. A statistically significant association was observed between the IOPAR vertical tube-shift method
and the CBCT with a P-value <0.01.

Conclusion: The vertical tube-shift method can be used as an effective diagnostic tool in assessing the relationship of the IAN canal to the third molar

root apex with high sensitivity, specificity, PPV, and NPV.
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l. Introduction

Third molars have a high incidence of impaction and are
associated with conditions such as pericoronitis, caries on the
distal surface of the second molar, pain, external root resorp-
tion, and odontogenic cysts or tumors', which often necessi-
tate their surgical removal.

The surgical removal of impacted mandibular third molars
is often associated with inferior alveolar nerve (IAN) dam-
age, the incidence of which is reported to be 0.4%-8.4%".
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To protect the nerve from mechanical injury during surgery,
it is important to clearly assess the relative positions of the
nerve and the root tip preoperatively’.

The complete radiographic assessment of impacted man-
dibular third molars includes morphology, its approximation
to the TAN canal and its bucco-lingual position. The most
commonly used radiographic methods are intraoral periapical
radiography (IOPAR) and panoramic radiography (orthop-
antomography, OPG). These methods depict the IAN canal
using superio-inferior and anterio-posterior relationships, but
the bucco-lingual relationship or depth cannot be assessed.
Computed tomography (CT) and cone-beam CT (CBCT)
are excellent methods for localizing the IAN canal and its
relationship to the lower third molar roots. CBCT images
can be generated through the mandibular body in any plane’.
However, owing to the cost, limited availability and radiation
dose, CBCT is usually not the first radiographic technique of
choice for a preoperative radiographic evaluation of lower
impacted third molars’.

Localization techniques using conventional radiography
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can be used to assess the bucco-lingual dimension. Jaju® and
Morant et al.” stressed the importance of assessing the rela-
tionship of the IAN canal to the third molar root apex bucco-
lingually*"’. They suggested the use of Richard’s vertical tube
shift technique for localizing the IAN canal to the third molar
root apex. The vertical tube-shift method uses two IOPARs
taken at different vertical angulations to delineate the bucco-
lingual relationship of the IAN canal to the mandibular third
molar root apices. It is easily accessible, cost effective and
has less radiation exposure.

The purpose of this study was to validate the vertical tube-
shift method in determining the relationship between the im-

pacted mandibular third molar roots and the IAN canal.

Il. Materials and Methods

The preoperative IOPARs taken at 0° and —20° angulations
and CBCT images of 50 impacted mandibular third molars of
patients visiting the Department of Oral Medicine and Radi-
ology from December 2012 to July 2014, The Oxford Dental
College (Bangalore, India) were selected for the study. Ethi-
cal clearance was granted from The Oxford Dental College’
s institutional review committee, and informed consent was
obtained from all patients willing to participate in the present
study.

The inclusion criteria were 0-degree IOPARs of patients
showing any one of the following signs of a close relation-
ship of the mandibular third molar root to the IAN canal: (1)
darkening of the root, (2) narrowing of the IAN canal, (3)
diversion of the IAN canal, or (4) interruption of the superior
cortical line of the TAN canal. Patients not showing any close
relationship between impacted mandibular third molar roots
and the IAN canal on 0-degree IOPAR and patients with neu-
romuscular disorders were excluded.

Two IOPARs of impacted mandibular third molars were

made using Richard’s vertical tube-shift method'®. An intra-

Vertical tube—shift method

oral dental X-ray machine (BEST-X-DC; Toshiba Medical
System Corp., Tokyo, Japan) at 70 kVp, 10 mA, and 0.7 sec-
onds was used along with intraoral Kodak Ultra speed films
of size 2 (31x41 mm), E-speed (Kodak H, New York, NY,
USA).

The first IOPAR was made by directing the position indi-
cating device (Fig. 1) at 0° vertical angulation. If any sign of
a close relationship to the IAN canal was observed, a second
IOPAR was taken by directing the position-indicating device
at a vertical angulation of —20°. The processed radiographs
were traced on the tracing paper.

The relationship of the IAN canal to an impacted mandibu-
lar third molar as determined by vertical tube-shift method
was recorded as follows: (1) Buccal, if the IAN canal ap-
peared to move upwards in relation to the root apex of the
impacted mandibular third molar in the IOPAR taken at —20°
vertical angulations as compared to IOPAR taken at 0° verti-
cal angulations.(Fig. 2. A); (2) Lingual, if the IAN canal ap-
peared to move downwards in relation to the root apex of the
impacted mandibular third molar in IOPAR taken at —20° ver-
tical angulations as compared to IOPAR taken at 0° vertical
angulations.(Fig. 3. A); (3) In line with the apex, if no change
was observed in the IAN canal position in relation to the root
apex of the impacted mandibular third molar in IOPAR taken
at —20° vertical angulations as compared to IOPAR taken at
0° vertical angulations.(Fig. 4. A)

CBCT examination (CS 9300; Kodak Carestream, Atlanta,
GA, USA) was performed with 90 kVp, 10 mA, 20 seconds
as exposure parameters, and cross-sectional images of the
mandibular third molar region (Fig. 2. B, 3. B, 4. B) were re-
corded.

The relationship as determined by the vertical tube-shift
method was further compared with the CBCT images. Sta-
tistical analyses were performed with the SPSS version 16.0
(SPSS Inc., Chicago, IL, USA). Sensitivity, specificity, posi-
tive predictive value (PPV), and negative predictive value

Fig. 1. Intraoral periapical radiography
exposure was made by directing the
position-indicating device at 0° (A) and
—20° (B) vertical angulations. Informed
consent was obtained from patient
willing to participate in the present
study.
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Fig. 2. A. Intraoral periapical radiog-
raphy at 0°, —20° by vertical tube-shift
method and their tracing showing the
inferior alveolar nerve (IAN) canal mov-
ing upwards predicting the canal as
buccal to the third molar root apex. B.
Cone-beam computed tomography of
the same patient as in Fig. 2A, show-
ing the IAN canal buccal to the third
molar root apex.
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(NPV) were calculated using CBCT as the gold standard. A
chi-square test was performed to evaluate the association be-
tween IOPAR localization and the CBCT impression results.

lll. Results

Out of our sample size of 50 cases, 49 cases were consid-
ered for statistical analysis and one case was excluded as the
patient appeared to have three roots in CBCT. The IAN canal

presented buccal in 35 cases, lingual in four cases, and in line
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with the apex of the third molar root in 10 cases using the
IOPAR vertical tube-shift method. For CBCT, the canal was
buccal in 36 cases, lingual in four cases and in line with the
apex in nine cases. A chi-square test revealed a statistically
significant association between IOPAR localization and the
CBCT impression results with a P-value<0.001.(Table 1)
The sensitivity, specificity, PPV, and NPV of the IOPAR
vertical tube-shift method was found to be 94.4%, 92.3%,
97.1%, and 85.7%, respectively, in localizing the IAN canal

buccal to root apex of the third molar tooth as compared to
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Fig. 3. A. Intraoral periapical radiog-
raphy at 0°, —20° by vertical tube-shift
method and their tracing showing
inferior alveolar nerve (IAN) canal mov-
ing downwards predicting canal lingual
to the third molar root apex. B. Cone-
beam computed tomography of the
same patient as in Fig. 3A, showing
the IAN canal lingual to the third molar
root apex.
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Table 1. IOPAR localization and CBCT impression association

CBCT impression

IOPAR localization x P-value
Buccal Lingual In line with apex
Buccal 34 (94) 0(0) 1(1D) 80.50 <0.001
Lingual 0(0) 4 (100) 0(0)
In line with apex 2 (6) 0(0) 8 (89)
Total 36 (100) 4 (100) 9 (100)

(IOPAR: intraoral periapical radiography, CBCT: cone-beam computed tomography)

Values are presented as number (%).
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Fig. 4. A. Intraoral periapical radiog-
raphy at 0°, —20° by vertical tube-shift
method and their tracing showing no
change in the inferior alveolar nerve
(IAN) canal position relative to the third
molar root apex. B. Cone-beam com-
puted tomography of the same patient
as in Fig. 4A showing no change in the
IAN canal position relative to the third
molar root apex.
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Table 2. Sensitivity, specificity, PPV, and NPV of the vertical localization technique for buccal placed IAN canal

IOPAR buccal CBCT-buccal CBCT-not buccal Total Sensitivity Specificity PPV NPV
Buccal 34 (94) 1(8) 35 0.944 0.923 0.971 0.857
Not buccal 2 (6) 12 (92) 14
Total 36 (100) 13 (100) 49

(PPV: positive predictive value, NPV: negative predictive value, IAN: inferior alveolar nerve, IOPAR: intraoral periapical radiography, CBCT:
cone-beam computed tomography)

Values are presented as number (%) or number only.
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Table 3. Sensitivity, specificity, PPV, and NPV of the vertical localization technique for lingual placed IAN canal

IOPAR lingual CBCT-lingual CBCT-not lingual Total Sensitivity Specificity PPV NPV
Lingual 4 (100) 0 (0) 4 1.000 1.000 1.000 1.000
Not lingual 0(0) 45 (100) 45
Total 4 (100) 45 (100) 49

(PPV: positive predictive value, NPV: negative predictive value, IAN: inferior alveolar nerve, IOPAR: intraoral periapical radiography, CBCT:

cone-beam computed tomography)
Values are presented as number (%) or number only.
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Table 4. Sensitivity, specificity, PPV, and NPV of the vertical localization technique for in line with apex placed IAN canal

IOPAR in line with apex =~ CBCT-in line with apex CBCT-not in line with apex Total  Sensitivity  Specificity PPV NPV
In line with apex 8 (89) 2(5) 10 0.889 0.950 0.800  0.974
Not in line with apex 1(11) 38 (95) 39
Total 9 (100) 40 (100) 49

(PPV: positive predictive value, NPV: negative predictive value, IAN: inferior alveolar nerve, IOPAR: intraoral periapical radiography, CBCT:

cone-beam computed tomography)
Values are presented as number (%) or number only.
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CBCT.(Table 2) For localizing the IAN canal lingual to the
root apex of the third molar tooth, the sensitivity, specificity,
PPV, and NPV of the IOPAR vertical tube-shift method was
100% compared to CBCT.(Table 3)

Sensitivity, specificity, PPV, and NPV value of the IOPAR
vertical tube-shift method was found to be 88.9%, 95.0%,
80.0%, and 97.4%, respectively, at localizing the IAN canal
in line with the root apex of the third molar tooth as com-
pared to CBCT.(Table 4)

IV. Discussion

The preoperative assessment of the third molar root apex
and the IAN canal can be done using conventional radio-
graphs as well as advanced imaging modalities, including
CBCT and CT. In oral and maxillofacial surgery practice,
OPG is the most widely used technique for evaluating the
lower third molar position and its relationship with the IAN
canal’. Several clinical studies have determined specific ra-
diographic signs, such as darkening of the root, narrowing or
diversion of the TAN canal and interruption of the superior
cortical line of the IAN canal wall, being highly suggestive
of the close proximity between the lower third molars and the
IAN canal """,

OPG has several projection-geometric limitations that may
decrease its accuracy. It only provides information regard-
ing the position of the AN canal in the vertical plane. OPG
has variable magnification, and lingual-positioned structures

are projected upward, producing a sharp image layer (fo-
cal trough) of limited width. Moreover, the IAN canal is
frequently positioned at the periphery of this focal trough,
located buccal or lingually”.

On the other hand, CBCT provides better three-dimension-
al images, which show the relationship between the third mo-
lar roots and all adjacent structures with a high resolution”.
Considering the high cost, limited availability, and higher
radiation exposure, CBCT is usually not the first radiographic
technique of choice for all impacted lower third molars.
Moreover, not all CBCT devices are alike. For example, the
variation in resolution might affect the outcomes, and the
results with one CBCT system cannot necessarily be gen-
eralized to all CBCT systems. Heurich et al.”” were able to
reconstruct the course of the IAN canal exactly with the help
of CBCT (New Tom, Marburg, Germany) in only 75 cases
out of 81 cases (93%) before lower third molar extractions.
In a study by Neugebauer et al.’ the vertical and horizontal
position of the root tip of the third molars relative to the IAN
canal could not be precisely identified in 1% and 2.8% of the
CBCT examinations, respectively. In another study, 3D Ac-
cuitomo CBCT was reported to give a high sensitivity (93%)
with a specificity of 77% in predicting exposure of the neuro-
vascular bundle'".

In comparison with advanced imaging modalities, IOPARs
are readily available at any basic dental set-up and provide
excellent image details when performed efficiently. They

involve minimum risk of exposure to ionizing radiation and
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are cost-effective. With the vertical tube-shift method, the
precise location of the IAN canal with respect to third molar
roots can be assessed.

No previous studies have validated the vertical tube shift
method for establishing the bucco-lingual relationship of the
IAN canal with respect to the lower third molars. Until now,
only two studies have assessed the performance of the verti-
cal tube shift method in localizing the IAN canal bucco-lin-
gually to third molar root apices. In 2010, Kositbowornchai
et al.’ reported the performance of the shift tube method in
comparison with CBCT in identifying this relationship. The
aim was to compare the ability of two radiographic methods:
the OPG in combination with a —20° angle IOPAR versus two
IOPARs at 0° and —20°. Another study was reported by Jasa
et al." in 2014 and evaluated the use of lateral oblique radi-
ography at two different angles (0° and -30°) for the bucco-
lingual topographic localization of the IAN canal with respect
to the lower third molars.

In our study, a buccal relationship of the IAN canal to the
lower third molar root apex was found to be present in 35
cases by the IOPA vertical tube-shift method as compared
to 36 cases on CBCT. The sensitivity, specificity, PPV, and
NPV of the vertical tube-shift method for buccal relation was
calculated as 94.4%, 92.3%, 97.1%, and 85.7%, respectively.
In contrast, the study by Kositbowornchai et al.’ reported a
much lower sensitivity (85.7%) and specificity (38.9%), which
included only 14 buccal placed IAN canals. Jasa et al."* re-
ported similar results as those found in our study, such as
sensitivity (91.3%), specificity (91.7%), PPV (95.8%), and
NPV (85.7%).

The studies by Kositbowornchai et al.’ and Jasa et al."* as
well as the present study reported a sensitivity, specificity,
PPV, and NPV of the vertical tube-shift method as 100%
for lingual relationships. These two previous studies had a
minimal number of lingual placed IAN canals 2 and 3. Even
in our study, a lingual placed IAN canal was present only in
four cases. This small incidence could be because of a lower
prevalence of lingual-placed IAN canals to the third molar
root apex .

Ten cases had an in line with apex relationship of the IAN
canal to the lower third molar root apex by the IOPA verti-
cal tube-shift method as compared to nine cases on CBCT.
The sensitivity, specificity, PPV, and NPV of the vertical
localization technique for the in line with apex relation was
calculated as 88.9%, 95.0%, 80.0%, and 97.4%, respectively,
whereas a 31.3% sensitivity and an 81.3% specificity was re-

ported by Kositbowornchai et al.’ as they evaluated 16 in line
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with apex IAN canals in their study. In Jasa et al.’s study',
the sensitivity, specificity, PPV, and NPV were reported to be
88.9%, 92.3%, 96.3%, and 81.8%. This similarity was found
to be nearly correlated with our study results.

The difference in results between the present study and
Kositbowornchai et al.” could be attributed to the involve-
ment of two observers in their study and also to the images
being interpreted twice.

In the present study, among buccal and in line with apex
relations, the probability of diagnosing the IAN canal buccal
to the third molar root apex (i.e., the sensitivity) was more
than in line with apex. At the same time, the probability of
the TAN canal not being in line with the apex (i.e., specific-
ity) is 3% more than not being buccal to the third molar root
apex.

PPV was found to be highest for lingual relation followed
by buccal and in line with apex, whereas NPV was highest
for lingual relation followed by in line with apex and buccal,
respectively. Therefore, the precision of diagnosing an TAN
canal as not being in line with the apex requires more than
simply not being buccal.

For the vertical tube-shift method to be efficient, the
change in vertical angulation parameter must be followed. In
order to observe the apparent movement of the AN canal in
the radiographic image, it is necessary to change the verti-
cal angle sufficiently as the distance between the IAN canal
and the third molar is less or they might be superimposed. In
our study, —20° vertical angulations for [OPA were found to
be adequate to interpret the images. In contrast, Jasa et al."
stressed that the vertical angle should be changed to a mini-
mum of —30°. This desired alteration could be because of the
lateral oblique radiograph used in their study, which can be
associated with image distortion or magnification.

Overall, Kositbowornchai et al.’s study6 commented that
a panoramic radiograph with vertical periapical tube shift
and two different vertical angulation periapical radiographs
provided a high potential for detecting the closeness of the
relationship of the third molar root and the IAN canal. In
contrast, Jasa et al."* stressed that lateral oblique radiographs
taken at 0° and —30° may be successfully used to determine
the bucco-lingual relationship between the mandibular canal
and the lower third molar.

The present study showed that the IOPA vertical tube-shift
method can be relied upon at par with CBCT to assess the
relationship of the IAN canal to the lower third molar root
apex. A —20° tube shift is sufficient to apply Richard’s tech-

nique for localization of the IAN canal with the third molar



root apex.

V. Conclusion

The present study revealed a highly statistically significant
association between the IOPA vertical tube-shift method and
the CBCT results. Thus, the vertical tube-shift method is a
reliable diagnostic adjunct in determining the relationship of
TAN to the third molar root apex.
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