A multivariate statistical analysis
on variables affecting inferior
alveolar nerve damage during
third molar surgery
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IN BRIEF

® |AN exposure during third molar surgery
cannot be considered a 'warning sign’ of
nerve damage.

® The crown luxation should preferably be
performed in a direction ipsilateral to the
IAN running.

® Difficult surgeries, multi-rooted teeth
and changes in IAN running in relation
to tooth roots are real predictors of IAN
damage.

Aim The risk factors associated with inferior alveolar nerve damage during third molar surgery were investigated.
Material and methods Surgeries performed during a period of 50 months by a single expert surgeon were reviewed. Only
those surgeries that met the selected inclusion criteria were considered for this study. The following tests were applied for
the statistical analysis: the Kolmogorov-Smirnov test, the principal components analysis, the Mann-Whitney U test, the
two-tailed exact Fisher test and the Bonferroni sequential correction. Results The surgical difficulty index, multi-rooted
third molars and changes in the inferior alveolar nerve running in relation to the tooth roots are predictors of nerve
damage. Conclusions Computed tomography is mandatory when the nerve is superimposed on the tooth root on the
ortopantomography. Scientific rationale for study Lower third molar extraction is one of the most common procedures
in oral and maxillofacial surgery, and it is burdened by the risk of inferior alveolar nerve damage. Understanding which
factors are able to predict this complication is therefore essential in correctly programming surgery. Principal findings
Surgical difficulty index, multi-rooted third molars and changes in inferior alveolar nerve running in relation to the tooth
roots are predictors of nerve damage. Practical implications If, on the orthopantomography, the nerve is superimposed
on the tooth root, a computed tomography is mandatory to define all of these variables.

INTRODUCTION

Lower third molar extraction is one of the
most common procedures in oral and max-
illofacial surgery,'? and it is burdened by a
0.26-8.4% risk of inferior alveolar nerve
(IAN) damage.*® Fortunately, the damage
is mostly temporary and it spontaneously
resolves within six months, while in less than
1% of cases sensory alterations persist.”*™!!

The most important predisposing factor
of IAN damage seems to be close proxim-
ity between the nerve and the third molar
roots.*!" Many studies have found a posi-
tive correlation between some orthopanto-
mographic signs and nerve damage, but the
data were not univocal.*¢!%12-2!

Three out of the seven radiographic
aspects that were proposed by Rood and
Shehab'* in 1990 are suggestive that a close
relationship between the nerve and tooth
roots seems to be strongly predictive of
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surgical nerve damage: mandibular canal
deviation, root darkening and morphologi-
cal root alterations.®

Other factors or conditions affecting the
risk of nerve damage seem to be patient age,
horizontal tooth position, deep impaction,
local haemorrhage, intra surgical nerve expo-
sure and lingual split technique.>7'%1417:22

There is not a unanimous consensus con-
cerning the role that the surgeon’s experience
may play in the risk of AN damage.®'*?>?

Coronectomy has been proposed to com-
pletely avoid the risk of nerve damage.
However, this technique does not seem to
represent a broad consensus because it is
burdened with limited complications and
because of the prognostic dilemma related
to an incomplete intervention.'*-2

The preoperative diagnostic usefulness of
computed tomography is still debated due
to its high biological and economic costs
compared to the low incidence rate of IAN
damage'.’s,S,lO,l1,14,17719,21,27732

Perfect knowledge of the factors that
affect the risk of nerve damage is important
for adequately programming surgery and for
obtaining informed consent from the patient.

Therefore, the aim of the present study
is to evaluate whether any of the following
factors are associated with a high risk of IAN
damage during lower third molar surgery:
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e Patient-related factors, including gender
and age

e Radiographic signs, including
orthopantomography (OPG), which
determines the risk markers, Pell and
Gregory class, impaction depth (Modified
Winter’s Classification), root morphology
and tooth position, and computed
tomography (CT), which determines
mandibular canal position in relation
to each tooth root and the cortical bone
presence/absence separating the nerve
from the tooth

e (Clinical/surgical factors, including the
maximum mouth opening, impaction
type, IAN intra-operative exposure,
intra-operative haemorrhage, real
post-surgical root anatomy and the
impression of the mandibular canal on
the tooth root

e QOther factors including the surgical time
and difficulty index.

MATERIALS AND METHODS

Third molar surgical extractions performed
in an outpatient setting under local anaes-
thesia from 1 March 2008 to 30 June 2012 at
the Complex Operative Unit of Oral Surgery,
Department of Odontostomatological and
Maxillofacial Sciences, ‘Sapienza’ University
of Rome, by a single expert surgeon (RP)
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were retrospectively reviewed. The inclusion
criteria were the following:
e Complete clinical and radiographic
documentation
e Availability of both OPG and CT exams
of each case to be revaluated
The presence of an OPG superimposition
between the third molar roots and the
upper half of the mandibular canal, in
association or not with one or more
radiographic signs are among those
proposed by Rood and Shehab!
Surgical technique with a buccal
approach and the following
requirements: luxation of the upper
portion of the tooth in the direction
ipsilateral to the IAN running to
limit nerve compression; use of a
magnification device (Zeiss 4 x 300)
during inspection of the residual
bone cavity while searching for IAN
identification, due to surgical exposure
Patients’ consent to statistical treatment
of their clinical and radiographic data
collected upon surgery
Radiographic evaluation that was
independently performed by two
different surgeons (RP, MS); in the case
of different interpretation, the evaluation
of a third investigator was scheduled.

For each surgery, a difficulty index was
calculated assigning a score of 1-3 to each
of the following six variables: tooth incli-
nation (mesio-angular/vertical = 1, hori-
zontal = 2, disto-angular = 3), impaction
depth (Modified Winter’s Classification:
A/B=1,C1 =2, C2 = 3); Pell and Gregory’s
class (I = 1, II = 2, IIT = 3), root morphol-
ogy (fused or separated but non-diver-
gent = 1, separated divergent = 2, with
apical anomalies = 3), IAN/root relationship
(not present = 1, present on the horizontal
plane = 2, imbrications = 3); and maximum
mouth opening (>4 cm = 1; 3-4 cm = 2;
<3 c¢m = 3). Therefore, for each extracted
third molar, a total score between 6-18 was
obtained.*

For statistical analysis, the ‘damage/no
damage’ dependent binary variable was
used. This variable showed an unusual dis-
tribution with only 6/74 cases of damage
differing by either a binomial distribution
(k-s: d = 0.919; p <0.01) or by a Poisson
distribution (k-s: d = 0.922, p <0.01), and
therefore a non-parametric analysis was
used. The principal component analysis*
(PCA) was first performed on the following
quantitative explanatory variables: age of
the patients, number of OPG risk signs, num-
ber of third molar roots on the OPG and CT
images, maximum mouth opening, surgical
difficulty index and surgical time.

The PCA is a multivariate analysis that
allows to replace the original explanatory
variables with a lower number of compound
variables called ‘factors’, linearly independ-
ent between them (correlation = 0), and thus
it allows to reduce the number of statistical
tests to be carried out, decreasing the risk of
incurring spurious significance. Specifically,
the factors represent a linear combination
of the original variables, that is, they rep-
resent that part of the data variability that
is common to each of the original variables.
In other words, each factor ‘captures’ the
common part of each original variable and
‘discards’ its specificity. The factors are all
constructed by combining the same original
variables but differ in relation to the regres-
sion coefficient associated with each original
variable which is in turn proportional to the
correlation between the same factor and that
variable. They have a mean value of zero
and a standard deviation of one. Normally,
the PCA provides a factor for each of the
original variables, but since the first two
factors, taken together, generally explain
at least 70% of the total data variability,
they can be used alone. However, because
in the present case the first two PCA factors
explained only 51% of the total data vari-
ability, the first four factors were therefore
used for the analysis because they together
explained approximately 80% of the total
data variability. The Mann-Whitney test was
then used to verify the association between
each of these factors and the ‘IAN damage’
dependent variable.

Finally, the two-tailed exact Fisher test
was used to evaluate the effect of the fol-
lowing qualitative explanatory variables on
the probability of [AN damage: gender, pres-
ence/absence of OPG risk signs, change of
nerve position with respect to third molar
(yes/no), presence of cortical bone between
the nerve and the tooth (continuous/inter-
rupted), surgical IAN exposure (yes/no),
nerve impression on the tooth root (yes/no),
ostectomy (yes/no), odontotectomy (yes/no),
CT IAN position with respect to the third
molar (L = lower, B = buccal, L = lingual,
IR = inter-radicular), third molar position
(V = vertical, D = disto-angular, M = mesio-
angular, H = horizontal), root anatomy
(fused/slightly divergent, highly divergent,
imbricated), Pell and Gregory Class (I, II, I1I),
impaction depth (A-B/C1/C2), and impaction
type (partial, osteo-mucosal, osseous).

When a series of different tests is carried
out on the same data, a significant result is
likely to be found due to the effect of chance.
To prevent this, the ‘Bonferroni sequential
correction’ was applied to ‘adjust’ the signifi-
cance level (o = 0.05) of all the significant
variables and to avoid false positives.
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RESULTS

During the reporting period, 74 lower third
molar extractions satisfied all inclusion
criteria of the study. In all cases the radio-
graphic evaluations performed by the two
surgeons coincided.

Surgery was performed on 63 patients, of
which 23 were males (36.5%) and 40 were
females (63.5%). All patients were symp-
tomatic because of third molar impaction.
Eleven patients underwent two surgeries in
different time periods. To meet the objec-
tives of the study, each lower third molar
was considered a statistical unity. The age
of the patients at the time of surgery was
between 16 and 57 years, with an average
age of 24.8 + 6.37. Temporary nerve impair-
ments (9-22 days) occurred in six cases
(8.1%); they were clinically diagnosed with
the tactile test using a 27-gauge needle tip
and personally followed once a week until
resolved, that is, when the patient reported
to perceive the pin-prick in the affected
side in the same way as healthy side. In
none of the cases intra-operative haemor-
rhage occurred and the real tooth anatomy
always coincided with that visualised on
CT images.

Sample characteristics for the selected
variables are listed in Tables 1 and 2.

Factor one of the PCA (Table 3) showed
a strong negative correlation with the root
number that was observed on the OPG
(-0.844) or on CT (-0.855) images, while it
had a weak positive correlation with either
the difficulty index (0.511) or the patient age
(0.493). Therefore, teeth with highly negative
factor one scores were multi-rooted, easy
to extract and were extracted from young
patients. Moreover, the number of roots
detected with OPG was strongly related to
that detected with CT. Specifically, they co-
varied in the same direction.

Factor two of the PCA (Table 3) showed a
negative correlation with the difficulty index
(-0.577), the surgical time (-0.517) and the
number of roots, (-0.490 OPG; -0.449 CT),
while it had a positive correlation with the
mouth opening (0.460). Therefore, teeth with
high factor two scores were associated with
difficult and long-lasting surgeries, patients
with limited mouth opening capability and
with multi-rooted teeth. Factor two was
also significantly associated with IAN dam-
age (p = 0.0016) in that ‘no nerve damage’
was associated with higher factor two val-
ues (medium rank: 2709), whereas ‘nerve
damage’ was associated with lower factor
two values (medium rank: 66.00, Fig. 1).
Therefore, IAN damage was significantly
more likely to occur during more difficult
extractions of multi-rooted teeth, whereas
these types of teeth did not significantly
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Table 1 Third molars by qualitative variables

Patient gender M 23 (38.0)
F 46 (62.0)
Tooth inclincation Mesial 45 (61.0)
Vertical 9 (34.5)
Horizontal 13 (18.0)
Distal 7 (9.0)
Pell and Gregory's class | 1(1.4)
1] 70 (94.6)
1] 3(4.0)
Impaction depth A 11 (14.8)
B 56 (75.7)
1 6(8.1)
C2 1(1.4)
Root morphology a 63 (86.9)
b 4 (4.8)
C 7 (8.3)
Nerve impairments Yes 6(8.1)
No 68 (91.9)
Relationship with the IAN 1 0 (0.0)
2 70 (94.6)
3 4(5.4)
IAN surgical exposure Yes 31(41.9)
No 43 (58.1)
IAN root impression Yes 29 (39.2)
No 45 (61.8)
IAN/3M position change Yes 5(6.8)
No 69 (93.2)
OPG risk signs Present 56 (75.7)
Absent 18 (24.3)
IAN canal wall Continuous 49 (66.2)
Interrupted 25 (33.8)
4 —
O Median
3 [ |25%-75%
I Min-Max B
2 —
’I —
N
= o]
o L .
= 0
=
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Fig. 1 Relationship between ‘lAN damage' and ‘factor 2" Lower values of factor 2 indicate
more difficult surgeries and multi-rooted teeth, whereas higher values indicate easier surgeries
in single-rooted teeth. Smaller squares in the centre represent the median values on 'factor

2. Boxes represent values comprising the second and third quartiles; vertical axes indicate the
minimum and maximum values of 'factor 2'
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Table 2 Third molars by quantitative variables

Surgical time (min) 14.46 + 9.9
Mouth opening (mm) 4590 + 0.75
Patient age 24.80 + 6.37
Difficulty index (6-18 scale) | 8.85 + 1

affect the probability of nerve damage if
associated with more simple surgeries (fac-
tor one of the PCA).

It is important to note that while the
factor one represented teeth with multiple
roots associated with not difficult extrac-
tions or teeth, with one root associated
with difficult extractions, the factor two
represented teeth with multiple roots asso-
ciated with difficult extractions or teeth
with one root associated with not difficult
extractions.

Factor three of the PCA (Table 3) was
strongly positively related with maximum
mouth opening (0.693) and surgical time
(0.633). This represented the cases in which
the surgery time was long-lasting, although
the patients presented with a large mouth
opening that facilitated surgery.

Factor four of the PCA (Table 3) was
strongly negatively related only to the
number of risk signs detected on the OPG
(-0.884).

As for qualitative variables, only ‘IAN/third
molar position change’, ‘depth’ and ‘impac-
tion type’ were significantly associated with
nerve damage. Specifically, the probability of
damage seems to increase when IAN position
changes with respect to the third molar roots
(p = 0.0029) and when the tooth is superfi-
cially impacted (p = 0.0057) and is completely
in the bone (p = 0.0228).

Lastly, the ‘Bonferroni sequential correc-
tion’ for the 18 performed tests showed that
only ‘factor two’ and ‘IAN/third molar posi-
tion change’ could be considered statistically
significant variables (Table 4).

DISCUSSION

In the present study, the percentage of sen-
sitivity impairments (8.1%) was at the upper
end of the range reported in the interna-
tional literature (0.26-8.4%),*® although all
of the procedures were performed by the
same expert surgeon. However, the study
sample was comprised only of third molars
with a high risk of IAN damage, due to
the radiographic superimposition between
the third molar roots and the mandibular
canal, and, in all cases, the symptoms com-
pletely disappeared within 22 days; there-
fore, all of the lesions can be classified as
‘neuropraxia’

Although four out of six patients with
IAN alterations were females, no significant




Table 3 Factor-variable correlations (factor loadings), based on Pearson’ correlations. Weak
to high correlations (positive >0.4 and negative <—0.4) are highlighted in bold and were used

to interpret the meaning of the PCA factors

Table 4 ‘Bonferroni sequential correction’
for selected variables. a. = significance level
(0.05); K = 18 performed tests

Age 0.492921 -0.310032 0.371270 -0.182124
Number of risk signs on OPG 0.303195 -0.191551 0.013087 -0.884008
Number of tooth roots on OPG -0.844305 -0.490434 0.007031 -0.058658
Number of tooth roots on CT -0.854738 -0.449057 0.003682 -0.114888
Mouth opening -0.333802 0.459797 0.692834 -0.082632
Difficult index 0.511258 -0.577214 -0.227622 0.204805
Surgery time 0.267961 -0.516556 0.633495 0.290278

Table 5 Referred sensitive impairments related to IAN exposures

Sedaghatfar et al. 2005° 3/24 (12.5%)
Tantanapornkul et al. 2007 6/27 (22.29%)
Tay et al. 2004% 38/187 (20.3%)
Nakayama et al. 2009% 7/19 (36.8%)
Ghaeminia et al. 2009% 4/23 (17.4%)
Present study 2/31 (6.5%)

statistical correlation was found between
gender and nerve damage. Variable
results were previously reported as gender
concerns.>'1>2

Smaller mandible dimensions may explain
the greater incidence of IAN damage in
females due to a more strict relationship
between third molar roots and IAN."

The age of patients at the time of surgery
was also not found to be statistically related
with IAN damage as well.>!*152223.35-38

Given that mandibular extraction was
previously found to be more simple and
the healing process was better in young
patients than in older ones, many authors
suggest performing this type of surgery dur-
ing adolescence when third molar roots are
not completely mineralised, which thereby
reduces the risk of nerve damage due to
apical compression.”!*?>3%

None of the radiographic signs proposed
by Rood and Shehab'were significantly
related with the risk of AN damage, even
when more than one sign was simultane-
ously present. In fact, the OPG was previ-
ously found to be unsuitable for predicting
nerve damage due to its low sensibility and
high specificity in defining the relationship
between the third molar and the JAN.>>10141719

Intra-operative IAN exposure was not
found to be related to nerve injury, in con-
trast to what many other authors have pre-
viously reported (Table 5).313:14162228.36.38-41 Tpy
the present study only a 6.5% incidence of

IAN damage was found in the cases of nerve
exposure, compared to a 9.3% incidence
when the nerve was not exposed.

It seems logical that the risk of nerve dam-
age is higher if the nerve is not exposed
during surgery. If ostectomy is limited and/
or the root axis is inclined, resulting in the
nerve not being exposed, a slightly more
intense force is necessary for root luxa-
tion, which results in an increased risk of
nerve compression. Therefore, inferior alve-
olar nerve exposure cannot be considered
a ‘warning sign’ of nerve damage but only
a clinical confirmation of the close spatial
relationship between the tooth and the nerve
trunk. However, IAN visibility can be hin-
dered by the following conditions: a narrow
ostectomy for extraction, inclination of the
alveolar walls, blood clotting on the bottom
of the alveolar cavity, and identification dif-
ficulties when viewed at life-size.

The first two conditions are unavoidable.
The third condition can be avoided by look-
ing for the IAN immediately after the root
extraction is completed and a saline irriga-
tion is performed. The fourth condition is
limited by using a magnification tool during
surgery as in the present study sample.

Contrary to previous reports,*>”*** no
significant correlation was found between
nerve damage and the absence of the cor-
tical bone to separate the nerve from the
tooth, ie an interruption of the IAN canal
wall, or between nerve damage and nerve
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Factor 2 0.0006
IAN/third molar position change 0.0029
Impaction depth 0.0057
Impaction type 0.0228

Comparison values

a/K = 0.0028
a/K-1 = 0.00294
a/K-2 = 0.0031
a/K-3 = 0.0033

impression on the tooth root. Nevertheless,
in the present study, a specific extraction
technique was always used to avoid nerve
compression. Specifically, the tooth crown
was always pushed ipsilaterally towards the
root side, which was in contact with the
nerve. However, to the best of the authors’
knowledge, no technical suggestions were
ever previously reported.

According to Maegawa et al.”’ and
Ghaeminia et al.,* the lingual position of the
nerve to the third molar seems to be more
liable to nerve damage (67%), although no
statistical correlation was found. This result
seems to contradict the expectations of the
surgeon in that the luxative movements on
tooth crowns directed ipsilaterally to the
nerve position are more difficult to per-
form when the nerve is buccal because an
effective fulcrum for the elevator action is
missing on the lingual side.

Although non univocal results were found
by different authors with reference to the
possible correlation between nerve damage
and some third molar topographic variables
such as position, Pell and Gregory class, and
the type and depth of tooth impaction, both
the full and deep impaction and the horizon-
tal position were previously associated with
a greater risk of nerve damage.>”!421-233637

The present study did not show a sig-
nificant correlation between third molar
anatomic-topographic variables and nerve
damage. However, all such variables were
used to define the difficulty index of third
molar surgery, which contrarily, resulted in
statistical significance related to the risk of
nerve damage. To the best of the authors’
knowledge, no other authors have found a
statistically significant relationship between
nerve damage and the difficulty index of
surgery. Specifically, contrary to the study
carried out by Jeries ef al.,” no correlation
was found between IAN damage and the
horizontal position of the impacted third

BRITISH DENTAL JOURNAL
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Fig. 2 Relationship between 'IAN damage’ and ‘IAN/third molar position change’. Percentage of
‘IAN damage' in the cases of ‘change' and 'no change' of the IAN/third molar position
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Fig. 3 Relationship between ‘IANdamage’ and ‘impaction depth' Percentage of IAN damage in
the cases of A, B, and C1 depth. C2 depth is missing because it only included one case
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Fig. 4 Relationship between 'IAN damage’ and ‘impaction type’ Percentage of IAN damage in
the cases of partial, osteo-mucosal and total bone impaction

molar because, as argued by the authors,
greater bone removal is required for this
condition, thus reducing the luxative force
needed for extraction.

The presence of more than one root was
the only anatomic variable related to IAN
damage, but this variable was not included

BRITISH DENTAL JOURNAL

among those considered in calculating the
total difficulty index. Moreover, no cor-
relation was found between surgical time
and nerve damage. Therefore, it is sug-
gested from this study that highly difficult
surgeries with a high risk of nerve damage
are not necessarily associated with long

© 2015 British Dental Association. All rights reserved
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surgical times.

As for the qualitative variables, the greater
risk related to superficial impaction can be
explained by underestimation of the dif-
ficulty of tooth extraction prompting the
surgeon to perform a luxative movement
mainly directed in an upper and distal
direction, regardless of the root-nerve rela-
tionship. As for the greater risk related to
complete bone impaction, this condition
usually involves a high undercut and, con-
sequently, a high resistance to tooth luxation
especially when the cavity obtained around
the tooth is not wide enough to reduce the
amount of the removed bone. In this last
case, the force required for tooth luxa-
tion may be too strong, resulting in high
compression on the adjacent nerve.

As for the TAN/third molar relationship,
dissimilar to the results reported by de Melo
Albert et al.,"”* the IAN did not always main-
tain the same spatial relationship with the
tooth roots in this study (five cases = 6.7%).
This has proven to be a significant risk factor
for nerve damage. Actually, it is possible that
tooth luxation caused nerve compression in
case the surgeon decided not to perform root
separation due to the limited superimposi-
tion between the nerve and the root (one
out of five cases with IAN damage in multi-
rooted teeth and TAN/third molar position
change). Moreover, it is possible that nerve
compression occurred when tooth luxa-
tion was directed upwards in the presence
of slight lingual or buccal curvatures of the
roots or when a close contact with one of
the roots was present but not radiographi-
cally evident, as the nerve impression on the
extracted root showed.

Despite the low rate of nerve damage in
lower third molar surgery and the biological
costs, which additional radiological exams
incur, CT must be considered as an important
tool in programming this type of surgery
when a superimposition between the IAN
and the third molar roots is clearly evident
on OPG. Moreover, because the identifica-
tion of any change in the nerve running in
relation to the tooth root can be assumed to
be a predictor of nerve damage, CT allows
the surgeon to obtain true informed consent
from the patient.

Results of the present study are not gen-
eralisable because surgeries were performed
only by one surgeon and because the present
analysis was strongly affected by the low
frequency of IAN damage. A prospective
study involving more than one surgeon, with
different surgical experience, and a wider
third molar sample should therefore be ana-
lysed to confirm the present results. In con-
clusion, within the limits of the study, it can
be asserted that the surgical difficulty index,
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multi-rooted third molars and changes in
IAN running in relation to the tooth roots are
predictors of nerve damage. If, on the OPG,
the nerve is superimposed on the tooth root,
a CT should be mandatory to define all of
these variables and to obtain true informed
consent from the patient and to correctly
programme the surgery to reduce the risk of
nerve damage.
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