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Inferior Alveolar Nerve Transposition in 
Conjunction with Implant Placement
Nicola Ferrigno, DDS1–3/Mauro Laureti, MD, DDS2,3/Stefano Fanali, MD, DDS1

Purpose: The aim of this prospective study was to determine the incidence of neurosensory distur-
bance and the cumulative survival and success rates of ITI solid-screw implants placed in conjunction
with an inferior alveolar nerve (IAN) transposition technique. Materials and Methods: 46 ITI implants
were placed in 15 patients following transposition of the IAN. In 4 patients nerve transpositioning was
performed bilaterally, so a total of 19 IAN mobilization surgeries were performed. Neurosensory dys-
function was objectively evaluated by using light touch (LT), pain (PT), and 2-point discrimination (2-DT)
tests. In addition, patients were asked to answer a short questionnaire to investigate individual feel-
ings of discomfort and advantages related to this surgical technique. The mean follow-up period was
49.1 months (range, 12 to 78 months). Results: The cumulative implant survival and success rates
were 95.7% and 90.5%, respectively. Only 2 implants were lost. Neurosensory disturbance (ie, distur-
bance registered by the LT, PT, and 2-DT tests) was experienced in 4 of 19 cases. However, at the time
of data analysis (12 to 78 months after surgery), all patients indicated that they would go through the
surgery again. Discussion: The IAN transposition technique, when used in the severely atrophied pos-
terior mandible, allowed placement of implants with adequate length and good initial stabilization. All
patients felt that they had received significant benefits from their new prostheses. Conclusion: Based
on the results of the present study, it can be concluded that lateral nerve transposition can be used as
a surgical procedure to enable ITI implant placement in the severely resorbed posterior mandible.
(More than 50 references.) INT J ORAL MAXILLOFAC IMPLANTS 2005;20:610–620
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Bone atrophy of the posterior mandible following
loss of dentition can represent a challenge for

oral surgeons. Many patients, in fact, reject the use of
removable prostheses, viewing them as a handicap
with respect to oral function and psychosocial
impact on quality of life. As a consequence, restora-
tion of oral function through oral surgery and place-
ment of implants is often welcome. Long-term stud-
ies have demonstrated that partially or completely
edentulous jaws can be restored successfully with
implant-supported fixed prostheses.1–6 However,
resorption of the alveolar ridge often leaves minimal
bone superior to the inferior alveolar nerve (IAN),
inhibiting placement of implants of favorable length.
Although good success rates have been achieved

with 8-mm short ITI implants (Institut Straumann,
Waldenburg, Switzerland),4,6 the placement of short
implants often represents a high risk.7–9 The use of 6-
mm implants seems promising,10 but sufficient scien-
tific and clinical trials have not yet been conducted.

One approach to avoid nerve injury when placing
implants in the severely atrophied posterior
mandible is to reposition the IAN laterally and then
place the implants medial to the nerve; this tech-
nique allows placement of longer implants and bet-
ter initial stabilization. In 1987, Jensen and Nock11

first documented restoration of the atrophic poste-
rior mandible using endosseous implants in conjunc-
tion with IAN transposition; since then, several modi-
fications of this method have been presented.12–17

There are 2 basic methods of nerve transposition.
One method involves transpositioning the nerve by
creating a window that includes the mental foramen
as well as the area of implant placement, then releas-
ing the nerve from the mental foramen and replac-
ing the nerve distal to its original location; the inci-
sive nerve is severed to allow transposition of both
the mental nerve and the IAN. In the second method,
the IAN is lateralized by repositioning it through a
posterior cortical window. Most of the studies on
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neurosensory disturbance and implant success rates
associated with IAN transposition found in the litera-
ture have been carried out using Brånemark System
implants (Nobel Biocare, Göteborg, Sweden) or cylin-
dric implants. To date, to the authors’ knowledge,
such a study has never been done with ITI implants.

The purpose of the present study was to determine
the incidence of neurosensory disturbance and the
cumulative survival and success rates of ITI solid-screw
implants placed in conjunction with IAN transposition.

MATERIALS AND METHODS

Between January 1996 and August 2002, a total of 15
patients, 6 male and 9 female, between 49 and 68
years old (average age, 58.1 years), were consecu-
tively enrolled in this prospective study and treated
with distal fixed partial dentures (FPDs) supported
by ITI implants placed in conjunction with an IAN
transposition technique. In 11 of 15 patients, nerve
transpositioning was performed unilaterally; in 4
patients, it was performed bilaterally. A total of 46 ITI
solid-screw implants were placed in conjunction
with 19 IAN transpositioning procedures. The present
study concerns only implants placed in conjunction
with an IAN transposition technique, even if the
same patient received other implants.

The medical status of patients regarding current
and previous diseases and medications was noted;
only healthy patients were considered suitable for
receiving treatment. Patients who presented with
poor oral hygiene, bruxism, heavy smoking habit (ie,
more than 10 cigarettes a day), or drug or alcohol
abuse were excluded, as were patients who had
already received and lost implants, patients who
received radiotherapy to the head and neck region
for malignancies, and patients who were undergoing
antiblastic chemotherapy.

Preoperative Workup
Preoperative workup included an assessment of the
IAN using panoramic radiographs and a computer-
ized tomographic scan,18 casts, a diagnostic waxup,
and surgical templates. The mean distance between
the crest of the ridge and the mandibular canal mea-
sured on the preoperative radiographs was 6.8 mm
(range of 6 to 8 mm). The patients were given oral
and written information regarding the risk of postop-
erative neurosensory dysfunction, and their written
informed consent was obtained.

Surgical Procedure
Local anesthesia was obtained by infiltrating 2% car-
bocaine containing 1:100,000 adrenaline. For 11

patients, intravenous sedation was used. A midcrestal
incision extending from the initial segment of the
anterior border of the mandibular ramus through the
retromolar pad to the first remaining tooth (usually
the canine) was made. After an anterior releasing
incision was made, a labial mucoperiosteal flap was
reflected, exposing the alveolar ridge and buccal cor-
tex. Care was taken during flap reflection to preserve
the integrity of the periosteum and the neurovascu-
lar bundle where it exits the mental foramen and
enters the soft tissue.

With a round diamond bur with a diameter of 1.5
mm and profuse irrigation, a rectangular osteotomy
approximately 8 by 30 mm (Fig 1a) was made 3 mm
posterior to the mental foramen on the lateral aspect
of the body of the mandible (Fig 1b). After removal of
the entire outer rectangular cortical window, small
curettes were used to carefully remove the
medullary bone lateral to the neurovascular bundle
along the entire length of the bony window. After
the neurovascular bundle was identified, it was care-
fully released from the inferior alveolar canal for the
entire length of the osseous window using small
curettes. The mental nerve was left intact. The neu-
rovascular bundle was then gently shifted to the side
and protected with a smooth instrument. It was kept
in that position just long enough to place implants
using the standard technique. Once the implants
were in place, the neurovascular bundle was reposi-
tioned so as to rest on the implants medial to the IAN
(Figs 2 and 3). Following IAN transpositioning, the
bone window was covered with a resorbable mem-
brane (Bio-Gide; Geistlich, Wolhusen, Switzerland) to
prevent mucosal penetration into the surgical site
and promote bone regeneration. When necessary, a
horizontal releasing incision was made in the perios-
teum to enable a tension-free closure. Concerning
the healing modality, the submerged approach was
utilized for all implants.

Postoperative Treatment and Healing Period
After surgery, all patients received oral antibiotics for
either 5 or 8 days, nonsteroidal analgesics for 3 to 5
days, and detailed instructions about oral hygiene
(mouth rinses with 0.2% chlorhexidine for 2 weeks).
Sutures were removed 8 to 15 days after surgery.

All implants had titanium plasma-sprayed (TPS) or
sand-blasted, large-grit, acid-etched (SLA) surfaces
and were placed in the mandible in conjunction with
IAN transposition. Implants were allowed a healing
period of 3 months for osseointegration to be
achieved before prosthetic rehabilitation began.

The prosthetic restorations comprised 13 splinted
3-unit FPDs, 4 splinted 4-unit FPDs, and 2 full-arch
restorations. As previously reported, some implants
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were connected to implants placed without an IAN
transposition technique; therefore, from the number
of suprastructures, no conclusion could be reached
regarding the number of implants assessed for the
study. Among the available ITI implant configura-
tions, in this study standard solid-screw implants
with a diameter of 4.1 mm were always selected.
Most of the placed implants had an SLA surface;
however, 12 implants with a TPS surface were used
during the first 2 years of the study period. Despite
the implant surface characteristics, 12-mm-long
implants were most frequently used (n = 23), fol-
lowed by 10-mm-long (n = 21) and 8-mm-long (n =
2) implants.

Clinical Examination
Follow-up visits were scheduled for 2 weeks and for
1, 2, 3, 6, 12, 18, and 24 months postoperatively dur-
ing the first 2 years, and annually thereafter. At each
annual recall patients were given a clinical and radio-
graphic examination to check pain and discomfort,

neurosensory dysfunction, peri-implant soft tissue
condition, and marginal bone loss.

Pain, Discomfort, and Neurosensory Dysfunc-
tion. One year postsurgery and at the time the data
analysis was made (the end of August 2003), all
patients were asked to verbally answer a short ques-
tionnaire (Table 1). Patients who had bilateral nerve
transpositioning were asked to answer the question-
naire both 1 year after the first surgery and 1 year
after the second surgery; the second surgery was
performed 3 to 4 months after the first one. Their
answers were considered separately for the 2 surg-
eries, so 19 answers were collected for each question.

Three tests were used to evaluate the neurosen-
sory dysfunction of the IAN19:

• Light touch (LT) test: This test was performed with
a soft feather that the patient could identify in a
control site (the upper lip; Fig 4). With the patient’s
eyes closed, a stimulus was randomly applied to the
test sites during 1 of 2 intervals, which were 10 sec-

Fig 1a With a round diamond bur 1.5 mm in diameter and pro-
fuse irrigation, a rectangular osteotomy approximately 8 by 30
mm was created on the lateral surface of the mandible.

Fig 1b The rectangular lateral window was made about 3 mm
posterior to the mental foramen (arrow).

Fig 2 Once the implants were in place, the neurovascular bun-
dle was repositioned to rest on the implants that resulted medial
to the IAN. Nothing was interposed between the neurovascular
bundle and the implants.

Fig 3 Radiograph taken 3 months after surgery. IAN transposi-
tion allows placement of longer implants and better initial stabi-
lization.

Ferrigno new  7/21/05  1:24 PM  Page 612



The International Journal of Oral & Maxillofacial Implants 613

Ferrigno et al

onds apart. The patient was asked to identify during
which time interval the stimulus had been applied.
Each site was tested in blocks of 10 trials. A
response of 80% or greater was considered normal.
Two sensitivity levels were used: 0 = normal sensi-
tivity and 1 = abnormal sensitivity.

• Pain test (PT): This test was performed using a
sharp explorer. This test was assumed positive when
patients could differentiate between the pressure
pain elicited by a blunt tip having the same diame-
ter as the explorer and the pain elicited by the
sharp explorer. Three sensitivity levels were used:
0 = normal sensitivity, 1 = decreased sensitivity, and
2 = no sensitivity.

• Two-point Discrimination Test (2-DT): A pair of
calipers was opened progressively in 2-mm incre-
ments until the patient could discriminate the caliper
ends as 2 separate points of contact. The following
scores were used: 0 = normal sensitivity (patients
could discriminate between the 2 tips at a distance
shorter than 14 mm); 1 = decreased sensitivity
(patients could distinguish between tips only when
the calipers were open between 14 and 20 mm); 2 =
no sensitivity (patients could not distinguish between
the tips even if they were more than 20 mm apart).

Each test site was made up of 2 areas; the upper
lip was used as the control area for each test (Fig 4).
Abnormalities in either test area detected by any 
single neurosensory dysfunction test or by a combi-
nation of the 3 tests were counted as neurosensory
disturbance for that particular test site.1

The total neurosensory disturbance (LT + PT + 2-
DT) is a sum of the neurosensory-disturbed sites.
Since a certain degree of nerve injury may be
expected to occur during the IAN surgical approach,
all of the neurosensory disturbances that faded away
in a short time (within 1 month) were not included.
Peri-implant Soft Tissue. The annual evaluation of
the peri-implant soft tissue condition included the
assessment of several clinical parameters using the
following indices:

• Modified Plaque Index (mPI): Determined on the
mesial, distal, buccal, and lingual surfaces of the
implants.20,21 For each implant, the mPI value was
calculated based on the average of the 4 values
obtained. The scores used were 0 = no plaque
detected; 1 = plaque recognizable only by running
a probe across the smooth marginal surface of the
implant; 2 = plaque visible to the naked eye; 3 =
abundance of soft matter.

• Modified Bleeding Index (mBI): Assessed at the
same surfaces.20,21 For each implant, the mBI value
was calculated based on the average of the 4 values
obtained. The scores used were 0 = no bleeding
when a periodontal probe is passed along the gin-
gival margin adjacent to the implant; 1 = isolate
bleeding spot visible; 2 = blood forms a confluent
red line on margin; 3 = heavy or profuse bleeding.

• Probing depth (PD): Measured to the nearest mil-
limeter with a Hu-Friedy PGF-GFS periodontal
probe (Hu-Friedy, Chicago, IL), at the same sur-
faces.20–22 For each implant, the PD was calculated
based on the average of the 4 values obtained.

Fig 4 Sites for neurosensory
dysfunction tests: T = control site,
L = lower lip, C = chin.

Table 1 Questionnaire

1. Did you have any sensitivity problem immediately after the
surgery?

2. Do you still have any sensitivity problems with your lower lip
or chin?

3. Has this sensitivity problem improved since the time of the
surgery?

4. Would you have the surgery again or would you recommend
this kind of surgery to your dear friend or relative?

5. Do you feel that you have received benefits from your new
prosthesis in terms of improved comfort, chewing efficiency,
and esthetics?

T

L

C
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• Distance between implant shoulder and
mucosal margin (DIM): Measured to the nearest
millimeter. In the presence of a subgingival implant
shoulder, the measurement was recorded as a nega-
tive value. Measurements were taken with the same
probe at the same surfaces.22 

• Attachment level (AL): Computed for each site by
adding PD and DIM.22

• Width of keratinized mucosa (KM): Measured in
mill imeters midbuccally and midlingually of
implants in the mandible.22 For each implant, the
KM value was calculated based on the average of
the 2 values obtained.

• Suppuration: Presence or absence evaluated for
each implant.

Marginal Bone Loss. The first radiographic
examination was made at the end of the healing
period, 3 months after surgery. For most patients a
panoramic radiograph was taken; periapical radi-
ographs were only used for patients with a mouth
floor that allowed the radiograph to be placed so as
to capture an image of the implant apex, which was
often located in the inferior cortex of the jaw. The
radiographs were analyzed for the presence of con-
tinuous peri-implant radiolucencies and the levels of
alveolar bone around the implants. Measurements
were made mesial and distal to the implant sites
using a transparent millimeter ruler. The distance
between the implant shoulder and the first visible
bone contact (DIB)22 was measured, as well as the
distance between the most coronal bone-implant
contact and the apex of the implant. The measure-
ments were made to the nearest 0.5 mm. To correct
the dimensional distortion, the apparent dimension
of each implant was measured on the radiograph
and compared to the actual implant length.1,18,23

Criteria for Success and Implant Classification
The implants were examined for successful tissue
integration using predefined criteria for success
defined taking into account the success criteria
established by Buser and colleagues22 and Albrekts-
son and colleagues.24 They were

1. Absence of persistent subjective complaints, such
as pain, foreign body sensation, and/or dysesthesia

2. Absence of a recurrent peri-implant infection with
suppuration

3. Absence of mobility
4. Absence of a continuous radiolucency around the

implant
5. Marginal bone loss less than 0.2 mm per year after

the first year of loading

First, distinction was made between implants that
had not achieved osseointegration defined as “early
failed implants” and those that had osseointegrated
defined as “successfully integrated implants.” Based
on the clinical and radiographic examination, each
implant was placed in 1 of 3 categories:

• Failure: An implant was regarded as a failed
implant if it had to be removed for any reason.

• Survival: An implant was classified as a surviving
implant if it was still in service but did not fulfill the
success criteria.

• Success: An implant was classified as a successful
implant if it fulfilled the criteria for success.

If a patient could not be followed at consecutive
annual examinations, the corresponding implants
were classified as dropouts.

Life Table Analysis
The statistical analysis included a life table analysis 
as described by Cutler and Ederer25 in 1958. To obtain
at least 1 year of follow-up for all 46 placed implants,
the data analysis was made at the end of August 2003.

Cumulative Survival Rate. This analysis calcu-
lated the annual survival rate and the cumulative
survival rate for the entire 6-year period. In this study,
survival rate was defined as the percentage of load-
bearing implants that did not fail, including implants
that exhibited a suppurative peri-implant infection at
the last annual examination.

Clinical Survival Rate. This analysis calculated the
annual success rate and the cumulative success rate
for the entire 6-year period. This analysis was more
strict than the survival rate analysis, since all implants
exhibiting a suppurative peri-implant infection at the
last annual control were considered failures.

RESULTS

Results of the neurosensory examination are
described in Table 2. The incidence of neurosensory
disturbance detected was 15.8% (3/19) by LT, 15.8%
(3/19) by PT, and 21.1% (4/19) by 2-DT. The total neu-
rosensory disturbance (LT + PT + 2-DT) was 21.1%
(4/19). After the 19 IAN transpositions, 9 patients expe-
rienced sensory recovery immediately after the local
anesthesia. Ten patients had neurosensory distur-
bance. In 6 cases, the patient experienced a total return
of sensation within 1 month. Two patients did not
experience complete recovery until 6 months post-
surgery, 1 patient waited 12 months to obtain 
complete recovery, and 1 patient was still experiencing
neurosensory disturbance at the time of data analysis.
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During the healing period, 2 implants were lost
and were classified as early failures. One implant was
lost as the result of nonintegration; another implant
was lost because of mobilization after the patient
sustained a spontaneous mandibular fracture 3
weeks after surgery. The patient who sustained the
fracture returned to the authors’ office complaining
of pain and swelling in the left region of the antego-
nial notch. Extraoral examination revealed small, firm,
nontender areas of submandibular swelling on the
left side of the mandible. Intraorally, there was little
evidence of inflammation or swelling at the implant

sites, but this was considered quite normal 3 weeks
postsurgery. A panoramic radiograph revealed a frac-
ture on the left side of mandible. Manipulation of the
mandible did not reveal any preternatural move-
ment at the fracture site. The patient was placed on
amoxicillin (1g 2 times daily) for 10 days and on non-
steroidal analgesics for 5 days. The patient was
advised to restrict his diet to soft, nonchewy foods
and to stop wearing the mandibular denture. When
the patient returned after 10 days, there was no evi-
dence of extraoral swelling and the surgical sites had
healed normally, except the site of the most posterior

Table 2 Results of the Neurosensory Evaluation

Time after Time to
surgery LT+PT+ sensory Implant

Patient no. Age (mo) Side Test area LT PT 2-DT 2-DT recovery (mo) loss

1 67 78 R L 1 0 1 1 12 0/2
C 0 0 0

2 56 73 R L 0 0 0 0 0 1/2
C 0 0 0

2 56 70 L L 0 0 0 0 0 0/3
C 0 0 0

3 51 70 R L 0 0 0 0 1 0/2
C 0 0 0

4 62 68 R L 0 0 0 0 1 0/2
C 0 0 0

5 55 67 L L 0 1 1 1 6 0/2
C 0 0 0

6 49 60 L L 0 0 0 0 0 0/3
C 0 0 0

6 49 57 R L 0 0 0 0 1 0/2
C 0 0 0

7 61 56 R L 0 0 0 0 1 0/3
C 0 0 0

7 61 52 L L 1 0 0 1 P 1/3
C 1 1 1

8 68 50 L L 0 0 0 0 0 0/2
C 0 0 0

9 59 45 L L 0 0 0 0 0 0/2
C 0 0 0

10 54 41 R L 1 1 2 1 6 0/3
C 0 0 2

11 58 37 R L 0 0 0 0 1 0/3
C 0 0 0

11 58 34 L L 0 0 0 0 0 0/2
C 0 0 0

12 67 27 R L 0 0 0 0 0 0/3
C 0 0 0

13 50 20 R L 0 0 0 0 1 0/2
C 0 0 0

14 62 15 R L 0 0 0 0 0 0/3
C 0 0 0

15 53 12 L L 0 0 0 0 0 0/2
C 0 0 0

Time after surgery = number of months from the time of surgery to the data analysis.
Side: R = right, L = left.
Test areas: L = lower lip, C = chin.
Time to sensory recovery = number of months from the time of surgery to the complete sensory recovery. 0 = immediately after local anesthesia, 
P = permanent, still present at the time of data analysis.

Neurosensory examination
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implant on the left side. This implant had penetrated
through the soft tissues and appeared mobile with-
out any evidence of suppuration. The implant was
removed, and after a month a panoramic radiograph
showed healing and consolidation of the fracture.

As only 2 implants were lost during the healing
period, the early failure rate was 4.3% (2/46). All the
other implants were considered to be successfully
osseointegrated. Therefore, 44 implants were consid-
ered suitable for prosthetic rehabilitation.

During the follow-up period, 2 implants were
treated with mechanical debridement (carbon fiber
curettes plus rubber cups and polishing paste; Hawe
Neos, Bioggio, Switzerland), antiseptic treatment
(local application of a 0.5% chlorhexidine dental gel
for 15 days), and oral antibiotics (ornidazole [Tiberal;
Roche, Basel, Switzerland] 500 mg twice daily or
metronidazole [Flagyl, Rhone-Poulenc, Paris, France],
350 mg 3 times daily, for 10 days) because they pre-
sented infection with suppuration in the peri-
implant sulcus and radiographic evidence of bone
resorption at the last annual examination.26,27

Implant infection was successfully controlled for the
2 implants.

During the study period, based on clinical and
radiographic examinations (Table 3), all the remaining
42 implants fulfilled the predefined criteria for suc-
cess (Table 2) and were classified as successful im-
plants. All the patients were followed at consecutive
annual examinations, so there were no dropout im-
plants. The life table analysis of the 46 placed im-
plants is shown in Tables 4 and 5. These tables show
cumulative survival and success rates at 80 months
(about 6.5 years) of 95.7% and 90.5%, respectively.

Concerning the peri-implant bone level data
obtained for mesial and distal sites, this study has
identified a mean bone loss pattern for ITI implants
placed in a submerged approach of 1 to 1.5 mm in
the first year following implant placement and less
than 0.1 mm in subsequent years.

The mean width of the measured KM around the
implants decreased from a mean of 2.6 mm in the
first year to 1.9 mm at the end of the study period, for
a rate of approximately 0.1 mm/y.

Patient answers to the questionnaire are summa-
rized in Table 6. Regarding question 1, although
numbness was reported by 10 patients immediately
after surgery, after a longer period, ie, at the time of
the data analysis, only 3 patients remembered this
discomfort as important. Regarding question 2, the
subjects’ responses and the objective tests (Table 2)
were not in agreement at the time of data analysis.
The neurosensory tests were more sensitive in
detecting neurosensory disturbance than the
patients’ evaluation. Regarding question 3, in no case

was anesthesia or burning paresthesia reported, and
the neurosensory disturbance did not increase since
the time of the surgery and did not seem to affect
the patients’ daily life. Regarding question 4, only the
patient who reported a mandibular spontaneous
fracture after surgery answered that he would have
declined the surgery had he known the conse-
quence prior to surgery. Regarding question 5, all
patients felt that they had received benefits from
their new prostheses in terms of improved comfort,
chewing efficiency, and esthetics.

DISCUSSION 

Avoiding IAN damage during dental implant surgery
is an important goal because of the forensic and eth-
ical issues as well as the neurologic sequelae that
may impair oral function.

Resorption of the posterior mandibular alveolar
ridge often leaves minimal bone superior to the IAN,
inhibiting the placement of implants of favorable
length. Higher failure rates have been associated
with short implants (< 10 mm)28; however, a high fre-
quency of nerve complications (14% after stage-1
surgery; 4% 3 years later) has been reported for
Brånemark System implants with a turned
(machined) surface stabilized bicortically on the
superior bony surface of the mandibular canal.29

In contrast, since bicortical stabilization is not nec-
essary for ITI implants when treating mandibular
posterior edentulous ridges, a security distance of 1
to 2 mm from the mandibular canal should be
respected whenever possible. This conservative con-
cept offers minimal risk of damaging the neurovas-
cular bundle.30 Nevertheless, the progressive bone
resorption that occurs after tooth loss can result in a
moderately or severely atrophied mandible; in such
cases, bone height posterior to the mental foramen
may be inadequate to allow such a security zone. In
this situation, even the placement of 6- or 8-mm ITI
implants can potentially injure the IAN. One
approach to avoiding nerve injury when placing

Table 3 Results of 46 Implants During the Study
Period

Parameter Min Max Mean SD

mPI 0 2 0.20 0.46
mBI 0 2 0.26 0.54
PD 1 5 2.76 0.80
DIM –2 1 –0.16 1.02
AL 1 4 2.60 0.94
KM 0.5 4 1.20 0.80
DIB 1.5 3.5 2.40 0.50
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implants in these situations is to reposition the IAN
laterally and then place the implants medial to the
nerve. The main risk of these surgeries is possible
prolonged neurosensory dysfunction because of a
certain degree of traction and/or pressure to the
neurovascular bundle.

It has been documented that traction causing
greater than a 5% increase in the length of the IAN can
lead to permanent neurosensory disturbance31 but
even slight traction to the nerve may produce a neu-
rosensory alteration.32 Neurosensory disturbances may
include, but are not limited to, anesthesia, paresthesia,
hypoesthesia, tingling sensation,and burning sensation.

Neurosensory disturbance may be evaluated by
specific neurosensory tests; in addition, from the clin-

ical point of view, patients’ answers to a question-
naire represent the best way to understand whether
a surgical technique is well tolerated and can really
benefit patients’ daily life.

In the present study, light touch and pain tests
were used to selectively discriminate for large-myeli-
nated, quick-adapting A alpha fibers, which consti-
tute 90% of the A axons. The 2-DT was used to selec-
tively study large-myelinated, slow-adapting A alpha
fibers, which constitute the remaining 10% of A
axons.33,34 The combined results of these 3 neurosen-
sory tests were useful in evaluating the total extent
of neurosensory deficit.

In no case was there prolonged anesthesia or burn-
ing sensation; these 2 situations are usually not well
tolerated by patients. Most of patients experienced
sensory recovery immediately after the local anesthe-
sia or within 1 to 6 months. This discomfort, however,
was well tolerated by patients because they were
informed regarding the risk of postoperative 
neurosensory dysfunction and knew that a certain
degree of nerve injury could be expected to occur dur-
ing this particular surgical approach. Consequently, at
the time of the data analysis, only 3 patients consid-
ered the initial discomfort as important.

The neurosensory tests detected that 1 patient
had to wait 12 months to obtain complete recovery

Table 4 Life Table Analysis of 46 Implants for Implant Survival

Time Implants Dropouts Implants Failures Survival Cumulative
interval at start of during under during rate within survival
(mo) interval interval risk interval period (%) rate (%)

0–12 46 0 46 2 95.7 95.7
12–24 44 0 44 0 100 95.7
24–36 39 0 39 0 100 95.7
36–48 34 0 34 0 100 95.7
48–60 26 0 26 0 100 95.7
60–72 13 0 13 0 100 95.7
72–80 4 0 4 0 100 95.7

Table 5 Life Table Analysis of 46 Implants for Implant Success

Time Implants Dropouts Implants Failures Survival Cumulative
interval at start of during under during rate within success
(mo) interval interval risk interval period (%) rate (%)

0–12 46 0 46 2 95.7 95.7
12–24 44 0 44 1 97.7 93.4
24–36 39 0 39 0 100 93.4
36–48 34 0 34 1 97.1 90.5
48–60 26 0 26 0 100 90.5
60–72 13 0 13 0 100 90.5
72–80 4 0 4 0 100 90.5

Table 6 Patients’ Answers to the Questionnaire

1 y after surgery Time of data analysis

Question Yes No Yes No

1 10 9 3 16
2 2 17 0 19
3 0 19 0 19
4 18 1 19 0
5 19 0 19 0
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and 1 patient still experienced neurosensory distur-
bance at the time of data analysis. Because the
patients’ answer to question 2 (Do you still have any
sensitivity problems with your lower lip or chin?)
may be used to evaluate patients’ feeling of neu-
rosensory disturbance, the results of question 2 were
compared with the total neurosensory disturbance
tests (LT + PT + 2-DT). Although at the time of data
analysis the results of the objective tests (LT + PT + 2-
DT ) and the subjects’ responses were mostly in
agreement (18/19 = 94.7%), 1 patient who showed
objective signs of hypoesthesia did not feel it or did
not give it subjective importance. Overall, the total
neurosensory disturbance tests (LT+PT+2-DT )
seemed to be more sensitive in detecting neurosen-
sory disturbance than was the patients’ evaluation.

The total neurosensory disturbance results of this
study (21.1%) can be considered quite satisfying if
compared with previous studies involving IAN trans-
position in conjunction with implant placement in
which a significantly higher percentage of neuro-
sensory disturbance (from 30% to 76.5%) was
reported.13,35,36 This difference is most likely the
result of the surgical technique used for nerve trans-
position. All 19 IAN lateralizations in the present
study were performed with only a single window
posterior to the mental foramen. In a recent compar-
ative study, the reported incidence of neurosensory
disturbance was significantly greater for the surgical
technique that released the mental nerve from the
mental foramen (77.8%) than for the surgical tech-
nique that did not release the mental nerve from the
mental foramen (33.3%).36 In a recent clinical study, a
new surgical technique involving the use of 2
osteotomies, 1 in the posterior edentulous area and
the other around the mental foramen, was
proposed.17 In this study the neurosensory distur-
bance incidence was particularly favorable; of the 10
patients who underwent repositioning of the IAN, 4
experienced sensory recovery immediately after the
local anesthesia and the other 6 patients experi-
enced total return of sensation within 3 to 6 weeks.

Concerning the type of implant used in this study,
some authors have postulated that repositioning of
the nerve directly against the implants resulted in
very close nerve-to-implant contact and that in this
situation the threads of an implant may be a source
of chronic irritation that could induce longstanding
edema and intraneural f ibrotic scar tissue
formation.37,38 In other words, the direct contact
between the IAN and the sharp implant threads
could potentially induce symptoms12,13,39; thus, cylin-
dric implants have been recommended when per-
forming lateral nerve transposition.17,31,36 Other
authors, considering the great advantage in using

threaded implants to obtain primary implant stabil-
ity during this destructive surgical approach, have
suggested interposing a barrier between the neu-
rovascular bundle and implants, such as autogenous
and/or allogenic bone graft40 or a resorbable mem-
brane.41 In this study, only solid-screw ITI implants
with a macroscopic shape showing sharp but not
wide threads were used. During the surgical proce-
dure, once the implants were in place, the neurovas-
cular bundle was repositioned so as to rest directly on
the implants that resulted medial to the IAN. This
approach was decided with the hypothesis that direct
but passive nerve-to-implant contact was unlikely to
damage the nerve. The neurosensory disturbance
incidence reported in the present study seems to con-
firm that the surgical technique used and not the
implant shape can cause possible nerve injury.

The most important complication of this study
was the mandibular fracture of a patient treated to
receive 8 implants to support a fixed full-arch pros-
thesis. The height of the residual mandible at the
point of the spontaneous fracture that the patient
sustained 3 weeks after surgery was about 13 mm.
Fortunately, only 1 distal implant was lost because of
mobilization so that it was possible to realize the
planned fixed full-arch prosthesis with the remaining
implants, ending the rehabilitation of the fractured
hemi-arch at the second premolar. Fracture may rep-
resent a risk associated with nerve transpositioning,
because the mandible is always weakened in the cre-
stal and lateral wall by the bone removal associated
with this surgical technique. It is also generally rec-
ommended that implants be placed in the inferior
cortex of atrophic mandibles to obtain maximum
stabilization42 However, the strongest area of the
atrophic mandible can be weakened when the infe-
rior cortex is penetrated.43

Concerning the marginal bone loss data obtained
for mesial and distal sites, it is important to note that
all implants were placed with a submerged approach
by placing them approximately 1 to 1.5 mm deeper
into the hard tissue when compared to the standard
nonsubmerged approach.44 The deeper placement of
ITI implants into the bone can lead to increased crestal
bone resorption, as demonstrated in experimental
and clinical studies.45–47 These studies demonstrated
that the vertical position of the implant shoulder, with
its microgap at the implant-abutment connection, has
a significant impact on crestal bone resorption. This
bone resorption is not a pathologic condition but a
physiologic reaction to the implant placement to cre-
ate a “biologic width” observed not only around nat-
ural teeth48 but also around dental implants.49–52

The marginal bone loss data are consistent with
other previous works53,54 and may suggest that sta-
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tistically this implant system did not show any radio-
graphically measurable bone loss following the ini-
tial period of bone loss associated with the soft tis-
sues’ reaching of the physiologic “biologic width.”

The overall amount of peri-implant KM around
the study implant decreased from a mean of 2.6 mm
in the first year postimplantation to 1.9 mm at the
end of the study period, at the rate of approximately
0.1 mm/y. Decreases in both buccal and lingual KM
were seen, although the rate of loss of lingual KM
was more than twice that of the buccal. This result is
consistent with data published by Weber and col-
leagues57 in 2000 but is in contrast with previous
works that reported a similar decreased width in oral
KM but an increase in buccal width.55,56

During a mean follow-up period of 49.1 months,
the cumulative survival and success rates of implants
were of 95.7% and 90.5%, respectively. This result is
consistent with the long-term success rates reported
for this implant placed in the partially or completely
edentulous posterior mandible without the use of
nerve-transpositioning surgery.4–6 Thus, a lateral
nerve transposition technique, when used in poste-
rior severely atrophied mandibles, can permit the
placement of implants with adequate length and
with good initial stabilization as used in routine sites,
with the same favorable prognosis.

CONCLUSION

Based on the results of the present study, it can be
concluded that

• Lateral nerve transposition can be used as a surgical
procedure to enable implant placement in the
severely resorbed posterior mandible.

• The overall incidence of neurosensory disturbance
was 21.1%. Only 1 of 19 IAN transposition proce-
dures resulted in an objective permanent hypoes-
thesia. This disturbance was slight and well toler-
ated by the patient.

• In spite of the objective neurosensory disturbance
identified during the study period, at the time of
data analysis (12 to 80 months after surgery), all
patients indicated that they would go through the
surgery again.

• All patients felt that they had received benefits from
their new prostheses in terms of improved comfort,
chewing efficiency, and esthetics.
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