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bstract

o the best of our knowledge there are no guidelines regarding the surgical management of dental implant-related injuries to the mandibular
erve. This review aims to investigate the success of different surgical interventions. Neurosensory injury to the mandibular branch of the
rigeminal nerve can occur during administration of local anaesthetic, elevation of the flap, preparation for osteotomy, and placement of
he implant. Surgical interventions include extraction of the implant, external decompression, internal neurolysis, excision of a neuroma,
eurorrhaphy, nerve grafting, and low-level laser therapy. The following electronic databases were searched: MEDLINE, EMBASE, and
he Cochrane Library. Primary outcome measures included patient-reported outcomes such as pain and altered sensation. A total of 185
ublications were obtained, of which 21 were included in the qualitative synthesis (2 randomised controlled trials (RCT), 9 controlled cohort
tudies, and 10 case reports/series). They were all screened in consideration of the exclusion criteria and appraised using the Cochrane
isk of bias tool, the Newcastle Ottawa scale, and the modified Newcastle Ottawa scale. Results were triangulated to evaluate their level of
greement. The extraction of dental implants less than 36 hours after injury to the mandibular nerve results in the most successful resolution
f neurosensory dysfunction. Various microsurgical techniques have shown less success in obtaining neurosensory recovery than extraction

f the implant. However, microsurgery is worthwhile, as it improves neurosensory dysfunction and reduces dysaesthesia in the majority of
atients. Direct suturing and external decompression can result in good neurosensory recovery, and nerve grafts are also successful whenever
ension-free direct suturing is not possible. Low-level laser therapy has been shown to achieve some neurosensory improvement.

 2020 Published by Elsevier Ltd on behalf of The British Association of Oral and Maxillofacial Surgeons.
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uidelines relating to the surgical management of mandibu-
ar nerve injuries that relate directly to dental implants are
acking. Neurosensory injury to the nerve can happen at
very step, such as during the administration of local anaes-
hetic, elevation of the flap, preparation for osteotomy, and
lacement.1 The morbidity and psychological distress that
uch injuries cause make it vital to establish the effects of the
vailable surgical interventions.2
Currently there is no consensus regarding optimum
urgical management.3 Many studies have different final
ssessment measures, which makes comparison difficult.4–6
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his review aims to investigate the success of the surgical
nterventions that aim to resolve neurosensory disturbances
hat arise from mandibular nerve injuries that are directly
elated to dental implants.

urgical  procedures  for  dental  implant-related  injuries

erve  exploration
one-beam computed tomography (CBCT) helps to locate

he inferior alveolar canal (IAC), and magnetic resonance
maging (MRI) can aid visualisation of the lingual (LN) or
andibular nerve (MN). However, the best view of an IAN
njury is gained through surgical exploration. This helps to
nd out whether the dental implant is in contact with the
erve or whether bony fragments or foreign bodies, such as

of Oral and Maxillofacial Surgeons.

https://doi.org/10.1016/j.bjoms.2020.04.012
http://www.sciencedirect.com/science/journal/02664356
https://doi.org/10.1016/j.bjoms.2020.04.012


7 d Maxillofacial Surgery 58 (2020) 795–800

g
o

R
I
e
o
f
h
a
I
i
i

E
F
d
o
s
d
n
t
a
b
c

E
C
g
n
t
m
b
n
s
o

r
i
t
t
o
c
t
r
s
r
a

N
T
i
c
l
a
t

i
i
c
i

N

S
s
n
m
(
s
G
a
d
i
t
s

L

L
i
a

R

S
(

96 L.M. Fee / British Journal of Oral an

raft materials, are impinging on it. It also confirms whether
r not scar tissue is associated.7

emoval  of  dental  implants
f an IAN injury is seen during the placement of implants, it is
ssential that the implant is removed within 36 hours. If fully
sseointegrated then a trephine burr is needed to cut circum-
erentially around it to facilitate removal. Reverse torque kits
elp to limit the amount of bone removed. Care is needed to
void pressing bone graft material on to the exposed nerve.
mmediate placement of a wider and shorter dental implant
s an option, but removal of an implant after osseointegration
s unlikely to resolve the nerve damage.2

xcision  of  neuroma
ollowing injury to the mandibular nerve by a dental implant,
isorganised axonal regeneration can lead to the formation
f a neuroma. These injuries arise from sectioning, crushing,
tretching, and laceration of the nerve. Direct injury from a
rill or contact of an implant with the IAN can also cause a
euroma to form and result in dysaesthesia. Partial transec-
ion of the nerve usually heals with the formation of a scar
nd misconduction of neuronal tissue. After a neuroma has
een removed, nerve grafts are often needed to restore the
ontinuity of the defect.3

xternal  or  internal  neurolysis
ollapse of the IAC due to impingement by the implant or
rafting material can cause compression of the IAN. External
eurolysis is where the nerve is released from its connective
issue bed and fibrotic tissue is removed. Injury to the nerve

ay cause scar tissue to form, which constricts the nerve,
locks transmission, and prevents neuronal recovery. Exter-
al neurolysis involves the removal of bone and soft tissue
urrounding the nerve, and repositioning of the nerve is an
ption whenever it is compressed by an implant.4

Internal neurolysis, which is a technique that involves
eleasing the neuronal fascicles from epineural fibrosis, is
ndicated in the presence of fibrosis, but it risks the forma-
ion of more scar tissue. Internal neurolysis involves opening
he epineurium and inspecting its internal structure to find
ut whether the decompression of individual neural fasci-
les is needed. If a continuity defect of these fascicles exists,
hen neurorrhaphy or nerve grafting is necessary for neuronal
econstruction. If the nerve is intact, external decompres-
ion and internal neurolysis are adequate. Internal neurolysis
equires great precision, as it risks appreciable scar formation
nd further damage to the fascicles.5

eurorrhaphy
his technique is also known as direct anastomosis or sutur-

ng. It is indicated when a nerve is transected and both its ends
an be sutured together without tension. Normally, defects of

ess than 1 mm can be repaired directly with epineural sutures,
nd this is the method of choice for repair of a witnessed nerve
ransection (Fig. 1).6

B
s
1

Fig. 1. Neurorrhaphy procedure29.

It is easier to repair the LN with direct neurorrhaphy than it
s to repair the IAN, as tension-free mobilisation and approx-
mation of the IAN are difficult. Transecting the incised nerve
an help to mobilise it, but there is a resultant loss of sensation
nvolving the lower anterior teeth and labial gingiva.8

erve  grafting

uccessful neurorrhaphy involves approximating the tran-
ected IAN in a tension-free manner. However, when this is
ot possible an interpositional nerve graft may be used. The
ost commonly used autogenous grafts are the sural nerve

SN) and greater auricular nerve (GAN). The SN is more
imilar in size to the trigeminal nerve and is longer than the
AN, but SN grafts have a distant donor site and leave an

nkle scar. The GAN is easily harvested along the sternoclei-
omastoid muscle 6 cm inferior to the ear lobe. The incision
s usually hidden within the natural crease of the neck, and
he loss of sensation in this area is rarely a problem. Multiple
trands of the GAN can be used if its diameter is too small.9

ow-level  laser  therapy

aser treatment before and after surgical interventions can
ncrease the speed of recovery of a mandibular nerve injury
nd reduce neurosensory disturbances.1

esults

tudies  on  the  extraction  of  dental  implants
Table  1)2,10–17
havsar et al reported a patient with a residual burning sen-
ation that was measured on a visual analogue scale (VAS) as
/10. After 12 months the numbness around the lips was 10%
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Table 1
Studies on the extraction of dental implants.

First author, year, and
reference

Time from injury to repair No. of
patients

Mean age
(years)

Duration of
follow up

Operation Success rate

Bhavsar 201510 24 hours 1 45 1 year Dental implant
extracted

Almost complete resolution of
altered sensation

Elian 200511 50 months 1 34 1 year Dental implant
extracted

Paraesthesia resolved

Givol 201312 2 patients treated
<12 hours post-injury
7 patients treated <24 hours
4 patients treated <48 hours
10 patients treated < 1 week
27 patients treated between 1
week and 12 months

92 58 1 year Dental implant
extracted

No symptoms resolved

Juodzbalys 201313 8 cases treated <36 hours 16 52 6 months Dental implant
extracted

8 cases completely healed

Khawaja 20092 Case 1: 18 hours post-injury
Case 2: 36 hours
Case 3: 2 days
Case 4: 4 days

4 49 3 months Dental implant
extracted

Cases 1 and 2 achieved almost
complete sensory recovery.
Cases 3 and 4 did not experience
any improvement

Leckel 200914 5 months 1 56 1 year Dental implant
extracted

Complete neurosensory
resolution

Park 201215 4 weeks – 9 months 2 56 4 months Dental implant
extracted

Complete neurosensory
resolution

Renton 201216 30 hours - 6 months 13 50.6 3 years Dental implant
extracted

No neurosensory resolution
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ahl 201817 3 months 1 58 

f its original size.10 Elian et al reported a considerable reduc-
ion in paraesthesia after removal of an implant 50 months
fter insertion.11 Clinical mapping and evaluation showed a
0% improvement at three months and a 60% functional sen-
ory recovery (FSR) at six months. The patient reported a
lower rate of FSR after six months.11 Givol et al showed no
esolution of symptoms in any of the patients.12 In this study
even patients had dental implants removed after less than
4 hours, and four after less than 48 hours. All other implants
ere removed more than 48 hours later.12 Juodzbalys et al

eported that eight patients had their dental implants removed
ess than 36 hours after insertion.13 Four cases of altered
ensation were attributed to damage from drilling to pre-
are for placement, and three to nerve damage that was not
elated to preparation or placement of the implant. Results
ndicated that eight patients healed completely, seven had
ersistent moderate sensory alteration, and one continued
o experience severe neurosensory disturbances.13 Khawaja
nd Renton showed that Cases 1 and 2 had their implants
xtracted within 18-36 hours after placement, and had com-
lete resolution of symptoms. However, Cases 3 and 4 had
heir implants removed two and four days postoperatively
nd both patients had persistent neuropathies.2 Leckel et al
ound that pain gradually disappeared over 12 months after
he dental implant was removed.14 Park et al reported that
emoval of the implant resulted in the relief of hypaesthesia

nd paraesthesia in Case 1, and complete resolution of paraes-
hesia in Case 2.15 Renton et al showed that in three patients
ho were referred within 30 hours, symptoms of neuropathy

i

n

ear Dental implant
extracted

Complete neurosensory
resolution

esolved over several weeks after their dental implants were
emoved. In 10 patients there was no resolution of neuropathy
fter implants had been extracted between three days and six
onths postoperatively.16 Sahl et al showed that the partial

xtraction of an implant that had breached the IAC avoided
ossible injury to a fully recovered IAN.17

tudies  that  reported  the  use  of  various  microsurgical
echniques  (Table  2)3,18–26

agheri et al showed that surgical interventions for IAN
njuries resulted in an acceptable improvement in 81.7%
f participants.3 The success rate for direct suturing was
8.9% and for external decompression was 85%. Autoge-
ous nerve grafting resulted in an 87.3% success rate. Gregg
howed that despite surgery, constant daily discomfort in the
ip and chin persisted in Case 1.18 Surgical decompression
esulted in partial FSR in Case 2, but paraesthesia and “burn-
ng” pain persisted. Lam et al showed that satisfaction was
ood in 55% of patients, fair in 28%, and poor in 17%.19

irect suture repair was completed in 70% of patients and
7% had neuromas present. Pogrel reported that 26 patients
ad excision and direct anastomosis, and 20 had nerve-
ap reconstructions.20 Results showed that 10 patients had
ood neurosensory improvement, 18 had some improvement,
nd 22 had no change in symptoms. One patient reported

ncreased neurosensory dysfunction postoperatively.

Strauss et al reported that all patients required exter-
al neurolysis, that 39.3% also had internal neurolysis,
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Table 2
Studies that reported the use of various microsurgical techniques (external decompression, internal neurolysis, neuroma excision and neurorrhaphy).

First author, year,
and reference

Time from injury to
repair

No. of
patients

Mean age
(years)

Duration of
follow up

Operation Success rate

Bagheri 20123 10.7 months 167 38.7 1 year 10.8% external
decompression
32.3% internal neurolysis
9% neuroma excised
9.7% neurorrhaphy
38.2% autogenous nerve graft

81.7% of patients achieved an
acceptable level of
neurosensory function

Gregg 200018 Case 1: 3 months
Case 2: 1 year

2 47.5 1 year Case 1: neuroma resected and
graft inserted
Case 2: surgical
decompression

Case 1: constant daily
discomfort persisted
Case 2: paraesthesia and
“burning” pain remained

Lam 200319 6.8 months 46 28 1 year Direct suture repair
Neuroma excised
Nerve graft

55% reported their surgical
outcomes as excellent or good

Pogrel 200220 4.5 months 51 No data No data 5 patients had decompression
26 patients had excision and
direct anastomosis
20 patients had nerve gap
reconstruction (2 patients had
autogenous vein grafts)

50% of patients experienced
neurosensory improvement

Strauss 200621 6.6 months 32 38.5 9.5 months External/internal neurolysis
Neurorrhaphy
Excision of a neuroma

53.6% experienced mild
improvement
35.7% experienced
significant improvement
10.7% reported no
improvement

Susarla 200522 4.5 months 19 25.8 1 year Neuromas excised in 78.9%
of patients
70% of nerve defects repaired
by direct suturing

84.2% experienced some
improvement
10.5% experienced no change
1 patient had a lower
neurosensory score than
preoperatively

Robinson 200823 28 months 25 40 1 year IAN decompression and
neurolysis

All patients achieved a 20%
improvement in neurosensory
status

Susarla 200724 21.9% of patients
were treated <90 days
Late repair was
considered > 90 days

64 28 1 year 77% repaired with direct
suture
23% had surgical exploration
with
decompression/neurolysis

93% of patients achieved full
recovery after early surgical
repair
Complete recovery in 62.9%
of patients in the late repair
group

Kim 201125 No data 3 No data No data End-to-end repair of IAN
defects using the nerve
sliding method

No FSR data provided but no
neurological problems from
transection
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iloro 200526 No data 26 32 2

nd 42.9% direct suture repair.21 The results indicated that
mprovement was mild in 53.6% of patients, substantial in
5.7%, and there was no improvement in 10.7%. Susarla et al
eported that 84.2% of patients experienced neurosensory
mprovement; there was no change in 10.5%, and one patient
ad a lower neurosensory score postoperatively.22 Neuromas
ere found in 78.9% of operations and nerve defects were

epaired by direct suturing in 70% of patients.22 Robinson
t al conducted a study in which delayed surgical interven-

ions generally occurred at 28 months. There was typically

 20% improvement after microsurgical interventions.23

he IAN surgery resulted in a considerable reduction K
t

hs Sural nerve grafting
completed

All cases had successful
outcomes

n pain, but the overall level of improvement was not
ignificant.

Susarla et al showed that 93% of patients in the early repair
ohort achieved complete FSR compared with 62.9% in the
ate cohort.24 In the successful early repair (less than 90 days)
roup 85.7% of patients had direct suture repair. Only 6/14
atients in the early group compared with 37/50 in the late
roup had neuromas excised.

erve  grafting  (Table  2)25,26
im et al reported three nerve repairs using the “nerve-sliding
echnique” for gaps of 10 mm and there were no neurosen-
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Table 3
Low-level laser treatment studies.

First author, year, and
reference

Time from injury to
repair

No. of
patients

Mean age
(years)

Duration of
follow up

Intervention Success rate

Khullar 199627 No data 13 38 2 years Low-level laser
treatment

Some significant
improvement
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hullar 199628 No data 18 38 

ory disturbances after incisive nerve grafting.25 Miloro and
toner reported the results of a questionnaire regarding the
uccess of SN grafting, and all patients were satisfied with
he level of FSR achieved.26

ow-level  laser  therapy  (Table  3)27,28

hullar et al reported some evidence of FSR measured by
AS scores within the laser group.27 In another paper they
howed a subjective improvement in FSR in the laser group.28

owever, data were missing regarding this outcome in Meth-
ds and Results. The number of patients was small and the
vidence included only those with partial neurosensory loss.

iscussion

our studies that involved the extraction of dental implants
fter injury to the mandibular nerve included patients who
chieved complete FSR.14,15,17,18 Early removal less than
6 hours after placement resulted in the most success.2,11,15

ome studies reported that removal after more than 36 hours
id not result in successful FSR.2,12,16 Overall, in the
ine studies on the extraction of dental implants that
ncluded 131 patients, complete FSR was achieved in 20
15.3%).2,10–17 Permanent neurosensory dysfunction per-
isted in 111 (84.7%).

Some studies on the late extraction of implants, however,
eported successful FSR. Sahl et al described complete FSR
fter the removal of implants at two months.17 Similarly Park
t al reported complete FSR after two extractions of den-
al implants at four weeks and nine months.15 Leckel et al
lso reported the disappearance of neurosensory dysfunc-
ion when dental implants were extracted five months after
lacement.14

Only one study on microsurgical techniques reported that
articipants (68.7%) achieved complete FSR.25 Overall, the
emaining studies reported acceptable levels of improvement
n FSR in 69% of patients. Papers that involved direct suturing
eported the most success in terms of FSR.3,20–22,26

Studies that involved microsurgical techniques showed
ess success in obtaining complete FSR than those that
nvolved the extraction of dental implants. Within the

icrosurgical studies the technique that resulted most suc-

essfully in some neurosensory improvement was direct
uturing.3,20–23,25 External decompression also resulted in
orthwhile improvements in FSR,3,21,22,24,25 as did nerve

N
r

6 months Low-level laser
treatment

No improvement

rafting techniques.3,21,23,25,27 However, low-level laser
herapy resulted in only some improvement.12,28

Overall, a large number of patients in 15/21 studies con-
inued to experience permanent neurosensory disturbances
fter surgical interventions.2,3,11,13,14,16,19–26,28 Four studies
hat involved extractions of dental implants,12,15,17,18 one that
xclusively evaluated nerve grafting,26 and one that assessed
arious microsurgical interventions25 reported patients who
chieved complete FSR. Overall, surgical interventions had a
ow and unpredictable level of success in achieving complete
SR after mandibular nerve injuries directly related to dental

mplants.

onclusions

he early removal of dental implants less than 36 hours after
njury to the mandibular nerve achieved complete FSR most
uccessfully. Late extraction of implants had a lower suc-
ess rate in terms of FSR, but is still a worthwhile treatment.
icrosurgical techniques were less successful in obtaining

SR than the extraction of implants, but microsurgery is still
orthwhile, as it improved neurosensory dysfunction and

educed dysaesthesia in most patients. Direct suturing had
he best outcome, and external decompression also resulted
n good neurosensory improvement. If excision of a neuroma
s necessary with direct suturing, a reduced level of FSR can
e achieved. Nerve grafting had good success rates whenever
ension-free direct suturing was not possible, and low-level
aser therapy resulted in some improvement in FSR.

Overall, surgical interventions had low levels of success
n achieving complete FSR in these cases with large numbers
f participants continuing to report permanent neurosensory
isturbances. A short duration of time between the injury and
epair increased the likelihood of complete FSR. There was a
educed chance of surgical interventions achieving complete
SR in cases that involved severe mandibular nerve injuries
nd in patients who reported painful preoperative symptoms,
ut increased age did not affect success.

thics  statement/confirmation  of  patients’  permission
o ethics approval required. No patients’ permission
equired.
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