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Outcome Assessment of Inferior
Alveolar Nerve Microsurgery:

A Retrospective Review
Edward R. Strauss, DMD, MD,* Vincent B. Ziccardi, DDS, MD,†

and Malvin N. Janal, PhD‡

Purpose: This retrospective study was performed to assess the clinical outcome of patients who have
undergone trigeminal nerve microsurgical repair of the inferior alveolar nerve.

Materials and Methods: This study includes all patients who underwent microsurgical repair of the
inferior alveolar nerve at the University of Medicine and Dentistry of New Jersey from July 1, 1998
through June 30, 2003. Each patient underwent a thorough evaluation of sensory nerve function that
included the type of injury, date of injury, and neurosensory testing. The evaluation was performed pre-
and postoperatively to assess sensory improvement. Through chart review and quantitative statistical
analysis, the outcome of inferior alveolar nerve microsurgical repair was assessed to ascertain which
sensory variables were statistically significant in showing improvement from microsurgical procedures.

Results: Thirty-two patients underwent microsurgical repair of their inferior alveolar nerve injury by
the same surgeon. The average period of time from initial nerve injury until primary surgical repair was
6.6 months. Four patients did not follow-up postoperatively and were excluded from the final data. Of
the remaining 28 patients, mean follow-up period was 9.5 months. It was determined that 26 patients
(92.9%) had statistically significant neurosensory improvement, with 14 reporting (50%) significant
improvement, 12 patients (42.9%) with slight improvement, and 2 patients (7.1%) demonstrating no
improvement. No statistical evidence was found to support that a decrease in time from injury to surgery
had improved results in this limited patient population.

Conclusion: Microsurgical repair provides an improvement in neurosensory function in patients that
present with an inferior alveolar nerve injury.
© 2006 American Association of Oral and Maxillofacial Surgeons
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he inferior alveolar nerve is susceptible to injury
rom maxillofacial trauma and iatrogenic causes in the
ractice of dentistry and oral and maxillofacial sur-
ery. Patients that experience these injuries often
omplain of sensory disturbances that affect their
veryday lives because of their effects on speech,
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1767
astication, deglutition, food and liquid incompe-
ence, and social interaction. Often these injuries re-
olve spontaneously; however, they may become per-
anent with varying degrees of sequelae.1,2 Although

he surgical outcome may improve sensory function,
he results generally fail to restore complete nerve
unction. It is possible to greatly increase neurosen-
ory function postsurgically, thus greatly improving a
atient’s quality of life.
Sensory deficits lasting 1 year or more are likely to

e permanent and attempts for microsurgical repair
re often unsuccessful after this time. Surgeons must
e aware of this complication and provide detailed

nformed consent to their patients because this is one
f the highest sources of malpractice litigation in oral
nd maxillofacial surgery.3 Presently, there is not a
tandardized protocol in the evaluation and manage-
ent of these patients other than referral to a surgeon

rained in trigeminal nerve microsurgery within ap-
roximately 3 months. In addition, the long-term re-

ults of microsurgery appear to be varied and often
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1768 OUTCOME OF INFERIOR ALVEOLAR NERVE MICROSURGERY
necdotal with most data reported as case series or
etrospective studies.4 The long-term results of surgi-
al treatment have been inconclusive in the current
nd past literature. Some studies reported that early
erve repair appears to provide better results than
oes late repair.5,6 This conclusion is not always sub-
tantiated, with some reports stating that timing may
r may not have an effect on the success of nerve
epair procedures.7 However, it is still recommended
y most surgeons trained in trigeminal nerve micro-
urgery to perform procedures within approximately
to 4 months to maximize outcomes.

aterials and Methods

Thirty-two patients underwent microsurgical repair
f their inferior alveolar nerve at the University of
edicine and Dentistry of New Jersey from July 1,

998 through June 30, 2003. The type of surgical
rocedure(s) performed was determined at the time
f surgery after complete external neurolysis was
ompleted and the nerve was dissected from its sur-
ounding tissues and examined under microscopic
uidance. Of the 32 patients, 4 were excluded from
he study because of lack of follow-up postopera-
ively. The remaining 28 patients underwent a thor-
ugh evaluation of sensory nerve function that in-
luded the type of injury, date of injury, and
eurosensory function testing. These neurosensory
esting modalities included: sensitivity to heat, cold,
ouch, vibration, 2-point discrimination, von Frey fil-
ments, direction, and pin prick perception. The eval-
ation was performed by the same clinician pre- and
ostoperatively to assess the patients’ progress. In
ddition, both the patient and surgeon rated the out-
omes, which were compared statistically. Through
hart review and quantitative statistical analysis, the
utcome of inferior alveolar nerve microsurgical re-
air has been analyzed to determine which variables
ere statistically significant in demonstrating im-
rovement postoperatively.

esults

Indications for trigeminal nerve microsurgery in-
luded patients with no improvement in serial neuro-
ensory exams in the 3 months following injury, com-
lete anesthesia of more than 3 months after injury, or
hose patients with a direct observed injury that was
isualized by the original surgeon. Eleven (39%) males
nd 17 (61%) females with an average age of 38.5
ears constituted the group (range, 17 to 67 years).
he average follow-up period postsurgically was 9.5
onths, with a range of 2 to 18 months. The mech-

nisms of injury are listed in Table 1. The most fre-

uent form of injury was caused by extraction of a c
hird molar (42.9%), followed by root canal therapy
17.9%) and implant placement (14.3%).

Surgical procedures performed on patients in-
luded external neurolysis, internal neurolysis, and
icrosurgical repair for those injuries requiring pri-
ary neurorrhaphy and excision of a neuroma. All
atients underwent external neurolysis, 11 patients
39.3%) had internal neurolysis performed in addition
o external neurolysis, and 12 patients (42.9%) addi-
ionally underwent primary microsurgical repair. Five
atients (17.8%) required only external neurolysis.
To facilitate statistical analysis, a common numeric

alue was assigned to the degree of deficit observed
n tests of hot, cold, wisp, vibration, stroke, direction,
nd pin prick, where “0” indicated normal, “1” indi-
ated a mild deficit, and “2” indicated a severe deficit.
hese scores were computed for all patients who had
alid preoperative and postoperative tests for each
ariable. Pre and post measures were then compared
y a paired samples t test. Mean improvement for
ot was 0.56 (P � .007), cold was 0.68 (P � .001),
inprick was 0.80 (P � .000), wisp was 0.76 (P �

001), vibration was 0.50 (P � .041), and directional
mprovement was 0.47 (P � .008). The improvement
n fine touch was indicated by a reduction in the
hreshold for perceptible stiffness of von Frey fila-
ents by 1.10 units (P � .001), and in 2-point dis-

rimination (using boley gauge measurements) of
.73 mm (P � .000) following surgery. Thus, all
easures showed significant improvement after sur-

ery, relative to presurgical neurosensory assessments
Table 2).

The average time from injury to surgery was 6.6
onths (range, 1 to 28 months). To determine
hether sensory function improved more among pa-

ients with shorter delays before surgery, the correla-
ion between latency to surgery and the sensory
hange was computed. While in the expected direc-
ion (r � 0.26; P � .21), sensory improvement in this
imited patient population was not significantly asso-

Table 1. MECHANISM OF INFERIOR ALVEOLAR
NERVE INJURY

Mechanism of Injury Total Percentage (%)

picoectomy 1 3.6
SSO 1 3.6
hird molar extraction 12 42.9

ncision & drainage 1 3.6
mplant placement 4 14.3
andible fracture 2 7.1

aceration 1 3.6
oot canal treatment 5 17.9
nucleation of cyst 1 3.6

trauss, Ziccardi, and Janal. Outcome of Inferior Alveolar Nerve
icrosurgery. J Oral Maxillofac Surg 2006.
iated with shorter times to surgery.
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STRAUSS, ZICCARDI, AND JANAL 1769
Each patient’s rating of global improvement was
ecorded and compared with that of their surgeon in

categories including no improvement, mild im-
rovement, and significant improvement. The sur-
eon’s assessment was based on standardized neuro-
ensory testing and the patient’s opinion as to their
erceived overall sensory improvement. Amongst pa-
ients, 53.6% reported mild improvement, 35.7% re-
orted significant improvement, and 10.7% reported
o appreciable improvement. The surgeons reported
ild improvement in 42.9% of the patients, significant

mprovement in 50.0%, and no improvement in 7.1%.
here was strong agreement between patients’ and
urgeon’s assessments of outcome (� � 0.75; P �
001). In all 4 cases of disagreements, the surgeon
ated improvement higher than the patient (Fig 1).

iscussion

Primary surgical repair of the inferior alveolar nerve
as been shown to be highly effective in restoring
ensory nerve function.4,8 Animal studies confirm that
euronal cells are capable of supporting axonal regen-
ration re-establishing functional connections with
istal nerves following trigeminal nerve microsur-
ery.9 Approximately 90% of the patients in this study
eported to have increased sensory nerve function
ostoperatively, including 35% who reported signifi-
ant improvement. Although the literature on inferior
lveolar nerve repair is limited, a few recent studies
ave shown that patients respond well to surgical
reatment. Pogrel4 reported that greater than 50% of
atients that undergo trigeminal nerve repair experi-
nce an improvement in sensation postoperatively. In
study performed by Lam et al,8 it was reported that
ore than 55% of patients receiving surgical repair for

nferior alveolar and lingual nerve injuries had an
verall postoperative satisfaction of good to excel-

ent. In that study, only 17% of patients surveyed rated
heir surgical outcome as poor. Robinson et al10 re-

Table 2. STATISTICAL ANALYSIS OF INDIVIDUAL NEURO
SENSORY IMPROVEMENT

Test
Presurgical

Mean
Postsurgical

Mean

ot 1.69 1.13
old 1.42 0.74
isp 1.47 0.71

ibration 1.38 0.88
pt 19.13 10.40

on Frey 5.10 4.00
irection 1.62 1.15
in 1.80 1.00

trauss, Ziccardi, and Janal. Outcome of Inferior Alveolar Nerve
iewed a group of patients that had undergone lingual
S
M

erve repair and determined that 82% reported a
core of 5 or better on a 10-point scale, regarding
ensory improvement on patients 12 months post
epair. The current study further supports the litera-
ure that patients can significantly improve neurosen-
ory function after nerve injury with the aid of surgi-
al intervention. Our own published data11 for lingual
erve microsurgery outcome assessment show mod-
rate to significant improvements in sensory function
ostoperatively.
If trigeminal microsurgery is performed before 1

ear, based on known neurologic responses to injury,
ecannualization or neurotization of distal end organs
an be expected to occur. Significant distal nerve
carring and atrophy will occur by 1 year, making
icrosurgical outcome less predictable.1,12 Several

uthors5,6 have supported earlier surgical repair for
ingual nerve injuries based on the premise that there
s no anatomic guidance for spontaneous regenera-
ion, in comparison to the inferior alveolar nerve that
as a bony canal to act as a conduit. Donoff5 has
dvocated early repair of trigeminal nerve injuries;
owever, he cites clinical evidence by Carmichael
nd McGowan13 that shows an extremely small im-

IGURE 1. Correlation of patient and surgeon perceived outcome
ssessments.

ORY TESTING MODALITIES AS INDICATORS OF

Mean
ifference SD N P Value

0.56 0.727 15 .007
0.68 0.749 18 .001
0.76 0.752 16 .001
0.50 0.894 15 .041
8.73 3.86 14 .000
1.10 0.95 15 .000
0.47 0.519 12 .008
0.80 0.516 14 .000

surgery. J Oral Maxillofac Surg 2006.
SENS

D

trauss, Ziccardi, and Janal. Outcome of Inferior Alveolar Nerve
icrosurgery. J Oral Maxillofac Surg 2006.
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1770 OUTCOME OF INFERIOR ALVEOLAR NERVE MICROSURGERY
rovement of neurosensory function in relation to
ime. Zuniga14 reported that outcome would not be
mproved if the mental nerve was treated sooner
ather than later. Gregg15 reported that there was no
onclusive evidence that early intervention in the
ase of inferior alveolar nerve injuries was better than
onsurgical management with delayed treatment (de-
ned as more that 3 months after injury) because the
ajority of inferior alveolar nerve injuries are known

o resolve spontaneously.
Sensory re-education may help some patients im-

rove their quality of returned sensation. Patients
ust be educated before surgery as to what can be

xpected after microrepair. Realistic expectations
hould be discussed for the postoperative period, and
atients must understand that a complete sensory
ecovery is unlikely. The primitive sensations medi-
ted by the C-fibers and A-delta fibers return first,
arked by the perception of pain and temperature,
hich usually begins to occur by 3 months post-

urgery.16 Patients may relate unpleasant sensations
nd the feelings of tingling, electrical shocks, and
rawling within the affected region. More complex
ensory functions such as vibration, fine touch, and
irectional sense can be delayed for up to 1 year.
herefore, serial examinations should be performed
ostoperatively to demonstrate to the patient the ar-
as of improvement. After examination, it is impor-
ant to discuss their improvement and review how
ertain abnormal behaviors such as tongue biting,
rooling, and food incompetence may have resolved.
ensory levels achieved by the end of the first year are
sually the maximum neurosensory levels obtained
y most patients.12

Microsurgical repair of the inferior alveolar nerve
an provide sensory improvement for many patients.
he high correlation between patient opinion and
urgical opinion as to perceived improvement in neu-

osensory function after trigeminal nerve microsur-
ery further supports the benefits of this interven-
ional surgical procedure.
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