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Abstract

Background: The purpose of this study was to analyze medium-to-long-term implant success and survival rates,
and lower lip sensory disturbance after placement of dental implants with simultaneous inferior alveolar nerve (IAN)
repositioning.

Methods: Fifteen patients (3 men, 12 women) treated in two centers were included in this retrospective study. The
ages of the participants ranged from 19 to 68. A total of 48 dental implants were placed in 23 posterior mandibular
segments simultaneously with IAN transposition or lateralization. The residual bone above the IAN ranged from 0.5
to 7.0 mm. Crestal bone changes were measured using cone beam computed tomography (CBCT) images.
Disturbance of the IAN was evaluated subjectively using a modified questionnaire.

Results: The healing process was uneventful in fourteen patients. In one patient, spontaneous fracture of the
operated mandible occurred on tenth day after the surgery. The implant in the fracture line was removed at the
time of open reduction and fixation. One more implant was lost after 5 years of loading. Therefore, the overall
dental implant survival rate was 95.8%, whereas all implants in function were judged as successful after a follow-up
period of 1 to 10 years. Transient neurosensory disturbances (ND) were observed in all patients who underwent IAN
lateralization and IAN transposition. At follow-up times of 3 years, 5 years, and 10 years, weak hypoesthesia
remained in two subjects treated with IAN transposition. None of the patients developed neuropathic pain after the
procedure.

Conclusions: Within the limitations of this study, we conclude that reconstruction of severely resorbed mandibles
with dental implants in conjunction with IAN repositioning is an effective and reliable technique. Although
neurosensory disturbances are the most common complication after surgery, they tend to resolve over time.
Advanced surgical skills are required to perform this technique.

Keywords: Inferior alveolar nerve transposition, Inferior alveolar nerve lateralization, Dental implant survival rate,
Dental implant success rate, Neurosensory disturbance
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Background

Implant placement in severely resorbed posterior man-
dibles (classes V and VI of Cawood-Howell classifica-
tion) is challenging because of the insufficient bone
volume, diminished amount of attached and unattached
mucosa, and superficial location of the inferior alveolar
nerve [1]. Several treatment strategies have been
proposed in the literature to address this problem
including placement of short implants, vertical ridge
augmentation, sandwich osteotomy, and distraction
osteogenesis. Another option is to expose the IAN,
displacing it laterally from the canal with nerve
lateralization or transposition [2, 3].

The main advantages of this technique are:

1. Dental implants are inserted simultaneously in a
single procedure. Therefore, it reduces the number
of surgeries, overall cost of treatment, and shortens
treatment time [4].

2. Dental implants are placed in native bone,
eliminating the need for vertical ridge
augmentation, which may be subject to resorption
over years [5, 6].

3. This is an appropriate technique for situations
where the IAN is located in the superior part of the
body of the mandible, and even mild atrophy of the
edentulous alveolar process will bring the alveolar
ridge within close proximity of the neuro-vascular
bundle. The incidence of “high” IAN locations
ranges from 14.6 to 30.7% [7, 8].

However, there are some limiting factors and disad-
vantages of the technique:

1. IAN lateralization/transposition requires advanced
skills in surgical nerve handling and management of
complications [9].

2. The risk of specific complications, such as fracture
of the mandible and damage of the IAN at the time
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of repositioning, or during vestibuloplasty in the
second stage [9-11].

3. Due to the transverse pattern of bone atrophy, the
maxillary arch becomes narrower and the
mandibular arch becomes broader [1]. In such a jaw
relationship, dental implants have to be placed and
restored in posterior crossbite in order to decrease
axial loading and reduce the shear stress on
retaining screws [12, 13]. (Figs. 1, 2, 3)

The purpose of this study was to analyze medium-to-
long-term implant success and survival rates, and lip
sensory disturbance after placement of dental implants
in combination with IAN repositioning.

Methods

The authors conducted a retrospective evaluation of the
treatment results of 15 patients with bone defects of the
posterior mandible who underwent implant placement
with IAN repositioning in two centers from December
2009 to September 2019. Bone height above the man-
dibular canal was assessed using CBCT, and all mandi-
bles were ranked as class V or class VI according to
Howell-Cawood classification. Subjects included in the
study were free of active infections, insulin-dependent
diabetes, and had no history of radiotherapy, chemother-
apy, or oral cancer surgery. All patients provided written
informed consent and received a modified questionnaire
proposed by Hashemi HM [14] to register any neurosen-
sory disturbances (ND) after the operation (Fig. 4).

The surgical protocol and postoperative medications
were standardized across the participating centers. The
operations were performed under a combination of local
anesthesia and intravenous sedation. A triangular muco-
periosteal flap, as well as an envelope flap (without a ver-
tical releasing incision), were used to expose the alveolar
crest and lateral body of the mandible of the edentulous
area. A full corticotomy was performed with a piezoelec-
tric saw creating a rectangular bony window lateral to

Fig. 1 CBCT scan before surgery. a A panoramic view. b A coronal view
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Fig. 2 CBCT scan 2 years after surgery. a A panoramic view. b A coronal view

the inferior alveolar canal. The bony window was re-
moved by exposing the inferior alveolar canal. The neu-
rovascular bundle was mobilized from the canal and
retracted laterally while the implants were installed (Figs.
5,6,7,8,and 9). In cases of nerve transposition (distali-
zation), the osteotomy window was extended anteriorly
to expose the mental foramen and incisive branch. The
incisive branch was then severed, and the IAN was freed
from the canal and moved laterally. In certain patients
with “high” IAN locations combined with considerable
bone resorption, titanium miniscrews were placed half-
way on the lateral side of the mandible at the osteotomy
lines to maintain the displaced neurovascular bundle in
a new position and indicate its new location [11] (Figs.
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20). The space
between the implants and neuro-vascular bundle was
grafted, and the muco-periosteal flaps were repositioned
and sutured with resorbable sutures. Additional horizon-
tal bone augmentation was performed in five cases sim-
ultaneously with IAN repositioning and implant
placement by means of guided bone regeneration (GBR)
or autogenous onlay block grafts (Figs. 7 and 9). In all
cases, cortical bony windows (after creating access to the

IAN) were utilized as a source of the autogenous bone
for bone augmentation. The healing time before the sec-
ond stage was 6 months. The function of the IAN was
evaluated according to patients’ subjective reports 2
weeks, 1 month, 3 months, 6 months, 1 year, 3 years, 5
years, and 10 years after the operation. Changes in the
peri-implant crestal bone level were measured using
CBCT images during follow-up visits for a period of 1 to
10 years.

Results

Overall, 23 IAN repositioning surgical procedures with
simultaneous implant placement were performed in 15
patients (12 women, 3 men). Among them, 17 patients
underwent [AN lateralization and 6 patients underwent
IAN transposition. Patient ages ranged from 19 to 68
years. A total of 48 dental implants were installed. The
mean residual bone height above the IAN was 4.3 mm
(range, 0.5 to 7.0 mm). The mean follow-up time was
5.1 years (range, 1-10 years). One implant was removed
due to spontaneous mandibular fracture 10 days after
surgery, and one more implant was lost after 5 years of
loading. Therefore, the implant survival rate was 95.8%,

Fig. 3 The intraoral view of the final restoration. Notice bilateral posterior crossbite. (Prosthodontist: Renat Aubov)
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The Questionnaire

Name Side Date of operation
1. Have you experienced any sensory disturbances of the lower lip or chin after the operation?

Yes O No O

2. Ifyes, what type:

O Anesthesia O Burning O Pain
O Hypoesthesia O Tickling O Other

3. How long do the sensory disturbances persisted? (Fill the Table)

2weeks | 1month |3 months | 6 months | 1year 3 years 5 years 10 years

Normal

Light
hyposthesi

a

Moderate
hyposthesi

a

Anesthesia

4. Are you satisfied with the results of the operation?

Yes O No O

Fig. 4 A questionnaire to register neurosensory disturbances after the operation
A

Fig. 5 A full corticotomy perfo
A\

rmed with a piezoelectric saw creating a rectangular bony window lateral to the inferior alveolar canal
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Fig. 6 The neurovascular bundle is mobilized from the canal and retracted laterally while the implants are installed

J

and the implant success rate, according to Clementini’s
[15] criteria, was also 95.8%. All patients reported transi-
ent numbness during the first 2 weeks after surgery. By
the end of the third month, only three patients experi-
enced moderate mental nerve hypofunction. After 1
year, two subjects reported weak hypoesthesia. At the 3-,
5-, and 10-year follow-ups, weak hypoesthesia remained
in 2 subjects treated with IAN transposition (Tables 1
and 2). According to the survey, all patients were com-
pletely satisfied with the results of the operation.

Discussion

Rehabilitation of severely resorbed posterior mandibles
with dental implants can be performed using two differ-
ent strategies: vertical bone augmentation in order to
gain alveolar height for longer implants, or utilizing the
residual native bone by placing either short implants or
longer implants simultaneously with IAN repositioning.

The success of bone augmentation largely depends on
the blood supply to the recipient site, quality of the soft
tissues, availability of autogenous bone, and/or growth
factors, age, and health status of the patient. The amount
of osteoprogenitor cells in the bone marrow, and as a
consequence, the osteogenic potential of the autogenous
bone declines dramatically with age [16—18]. Moreover,
many patients with severe bone defects have a previous
negative dental implant experience. Therefore, the blood
supply and quality of soft tissues in these areas are im-
paired, and the availability of the bone for harvesting is
limited. All the abovementioned factors can negatively
affect bone regeneration. In addition, the total cost of
bone augmentation could be significantly higher than
IAN repositioning, especially when growth factors or
additional autogenous bone-graft donor sites are utilized.
As a result, IAN repositioning with dental implant place-
ment is a valuable option for patients whose medical

-

.

Fig. 7 Additional horizontal bone augmentation is performed by means of GBR

N
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is installed
A\

Fig. 8 Another case of nerve lateralization. The neurovascular bundle is mobilized from the canal and retracted laterally while the implant

condition or physiology (age, etc.) necessitates a reduc-
tion in the number or extensiveness of surgical steps in
order to achieve stable, functional results following
treatment.

Short implants are an acceptable alternative in patients
with lowered bone height in the posterior mandibles.
However, it is often challenging to place them without
damaging the IAN when the bone height is less than 8
mm above the canal. In our study, the mean residual
bone height above the IAN was 4.3 mm (range, 0.5 to

7.0 mm). Another limiting factor is poor bone quality in
the posterior segments of severely resorbed mandibles
due to osteoporosis. Therefore, it may be extremely diffi-
cult to achieve monocortical primary stability of short
dental implants at the time of installation, which is one
of the most important criteria for successful osseointe-
gration [19].

In contrast, poor bone quality in combination with ex-
tensive resorption poses a serious risk of rare potential
complications such as mandibular fracture, as IAN

access to the IAN) is utilized as a source of autogenous bone

Fig. 9 Additional horizontal bone augmentation is performed by means of autogenous onlay block graft. The cortical bony window (after creating
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Fig. 10 CBCT scan before surgery. A panoramic and cross-sectional view

repositioning with implant placement does not restore
the alveolar ridge anatomy, but rather weakens the basal
bone [4, 20, 21].

One patient in our study experienced a spontaneous
fracture of the mandible while yawning 10 days after sur-
gery. The implant in the fracture line was removed at the
time of open reduction and fixation. After 2 months, two
implants on both sides of the fracture line were used for
final prosthetic rehabilitation, which also acted as
reinforcement to fix the mandibular fracture (Fig. 21a—c).

Some authors believe that surgery of the neurovascular
bundle changes the blood supply to the lateral mandible
and consider it as the main reason for delayed bone frac-
tures. However, as the inferior alveolar artery mainly sup-
plies the teeth of the mandible, gingivae, and the skin over
the chin and lower lip, its role in the blood supply to the
lateral mandible is not critical [22, 23]. Moreover, with the

increase of age and with the loss of teeth, the importance
of the inferior alveolar artery in blood perfusion of the
lower jaw decreases, and the blood supply to the mandible
mostly depends on the periosteum [22, 24, 25]. We sup-
pose that the fracture on tenth day after surgery occurred
due to loss of bone structural integrity after surgical
trauma. Our assumptions coincide with other reports in
the literature on the same subject [26—30].

Regardless of the potential risks and in light of the afore-
mentioned discussion, IAN transposition or lateralization
in combination with dental implant placement is an at-
tractive treatment modality in cases of severely resorbed
posterior mandible. Although postoperative neurosensory
disturbances are the most common adverse effects of this
procedure, they resolved over time, and none of the pa-
tients developed neuropathic pain after the procedure.
The diagnosis of neurosensory dysfunction of the IAN is

Fig. 11 A full corticotomy performed with a piezoelectric saw creating a rectangular bony window lateral to the inferior alveolar canal. The
osteotomy window was extended anteriorly to expose the mental foramen and incisive branch
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freed from the canal and moved laterally
(.

Fig. 12 The bony window is removed and the neurovascular bundle is mobilized from the canal. The incisive branch is severed, and the IAN

based on subjective clinical sensory testing and objective
sensory tests. According to Loescher et al. [31], a patient’s
subjective report is the most sensitive measure of sensory
abnormalities, as objective testing may not diagnose minor
ND. Moreover, patient complaints are the main incentive
for seeking further recommendations or treatment of their
postoperative altered IAN sensation. Therefore, in the
present study, the postoperative function of IAN was eval-
uated subjectively using a modified questionnaire. In our
patients, ND after IAN transposition was higher and

remained longer than after IAN lateralization, as [AN
transposition appeared to be a more invasive procedure.
This assumption is supported by systematic reviews of the
same subject [4, 10].

Conclusions

Within the limitations of the present study, we conclude
that reconstruction of severely resorbed mandibles with
dental implants in conjunction with IAN repositioning is

and indicate its new location

\

Fig. 13 The neurovascular bundle is mobilized from the canal and retracted laterally while the implants are installed. Two titanium miniscrews
are placed halfway on the lateral side of the mandible at the osteotomy lines to maintain the displaced neurovascular bundle in a new position
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Fig. 14 CBCT scan after surgery. A panoramic and cross-sectional view

Fig. 15 Intraoral view at the time of second-stage surgery. Notice a lack of keratinized gingiva
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A

Fig. 16 A split thickness flap is separated exposing the periosteum.
Two titanium miniscrews indicate the new location of the
displaced IAN

.

[N

Fig. 18 Intraoral view at the time of uni abatment placement
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Fig. 19 a, b Final restoration. (Prosthodontist: Evgeniy Shor)
N

Fig. 20 CBCT scans 2 years after the delivery of the final prothesis
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Table 1 Evaluation of patient sensitivity alterations after IAN transposition

2 weeks 1 month 3 months 6 months 1 year 3 years 5 years 10 years
Normal 0 0 2 3 4 4 2 n/a
Light hyposthesia 0 4 2 1 2 2 0 n/a
Moderate hyposthesia 5 2 2 2 0 0 0 n/a
Anesthesia 1 0 0 0 0 0 0 n/a
Total sites 6 6 6 6 6 6 2 n/a
Total patients 4 4 4 4 4 4 1 n/a

Table 2 Evaluation of patient sensitivity alterations after IAN lateralization

2 weeks 1 month 3 months 6 months 1 year 3 years 5 years 10 years
Normal 1 2 14 14 14 17 8 1
Light hyposthesia 4 13 3 3 3 0 0 0
Moderate hyposthesia 10 2 0 0 0 0 0 0
Anesthesia 2 0 0 0 0 0 0 0
Total sites 17 17 17 17 17 17 8 1
Total patients " " " 11 1" 1 6 1
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Fig. 21 a A panoramic view of CBCT scan after IAN lateralization with implant placement. b A panoramic view of CBCT scan after open reduction
and fixation of the mandible. ¢ A panoramic view 1 year after the delivery of the final prothesis

an effective and reliable technique, despite the complex-
ity and risks of specific complications, such as a spon-
taneous fracture of the mandible. Although the
probability of ND is high, in most cases, it resolves
within several months after the operation. Patients toler-
ated the surgery well and indicated that they would go
through it again, considering the benefits they received.
Advanced surgical skills are required to perform this
technique.
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