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Abstract
Trigeminal nerve injuries are common and there is currently no consensus on both timing and type of intervention to
achieve the best outcomes. A systematic review was performed to compare the outcomes of the many different types of
therapeutic interventions for nerve injury. PubMed, EBSCO, and Cochrane Review databases were used to search for
studies published from January 1, 2000 to December 31, 2019. Included studies detailed treatment of an injury to per-
ipheral branches of the trigeminal nerve, either known transection or injury causing persistent alteration in sensation. The
primary outcome was functional sensory recovery via the Medical Research Council scale. Twenty studies were included,
detailing outcomes of 608 subjects undergoing intervention for 622 nerve injuries. Surgical interventions were able to
achieve functional sensory recovery in approximately >80% or more of the subjects. There was heterogeneity among how
procedures were performed, timing to intervention, and methods of measuring recovery. The data of this study supports
the ability of surgical intervention to achieve functional sensory recovery in a significant number of subjects, and found
evidence for better outcomes with intervention closer to the time of injury.
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Introduction

Peripheral injuries and lesions of the trigeminal nerve are

frequent and can result in permanent neurosensory disor-

der. The most common etiology of injuries are dental pro-

cedures, causing approximately 60% of all injuries, with

the most common cause secondary to extraction and other

oral surgery procedures.1,2 The systematic review of Lin

et al showed an incidence of altered sensation after

mandibular implant surgery of 3%2 with variable incidence

described in literature included between 0 to 15%3 and 0 to

40%.4 Injuries of the inferior alveolar and lingual nerves

are also well-described complications of both orthognathic

surgery and mandibular resections due to benign or malig-

nant pathologies.2 The clinical presentation is variable

from hypoesthesia to anesthesia, and includes bothersome

symptoms such as paresthesia, dysesthesia and hyperalge-

sia, often defined with the more generic term of “altered

sensation.”5 Despite the frequency of these injuries there is

no common and standardized therapeutic approach regard-

ing treatment methods, biomaterials, or timing of repair.

Treatment remains controversial, varying from a wait-

and-see approach, to early surgical intervention,6 delayed

surgical treatment, or medical treatment. Surgical interven-

tion creates additional risk for the patient, as well as further

financial burden. The indications for intervention can vary

widely among patients, as the need for surgery is often

based on subject suffering balanced by what is acceptable

to each patients’ quality of life. The primary aim of this

systematic review is to evaluate in a population of patients

with peripheral mandibular “sensory impairment”
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secondary to nerve injury, the different available surgical

interventions and to contrast outcomes, specifically the

ability to achieve a functional sensory recovery.

Materials and Methods

A systematic review was conducted in accordance with the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA guidelines),7 to review studies

published from January 1, 2000 to December 31, 2019

[20 years] to evaluate all available treatment modalities and

their ability to achieve a functional sensory recovery after

oral and maxillofacial surgery procedures damaging the

inferior alveolar or lingual nerves.

Search Methods

Studies were selected from a broad search of PubMed,

EBSCO, and Cochrane Library with search keywords cov-

ering any variation of the terms peripheral trigeminal

nerve, sensory disturbance/deficit/pain, all possible etiolo-

gies of injury, medical, laser, or surgical modalities. Search

keywords used were: (“inferior alveolar nerve” or

“mandibular nerve” or “trigeminal nerve” or “lingual

nerve”) AND (“sensory disturbance” or “taste disorder”

or “neurosensory deficit” “altered sensation” or

“hyperalgesia” or “hypoesthesia” or “paresthesia” or

“hypoesthesia” or “paraesthesia” or “injury” or “damage”

or “lesion”) AND (“anesthesia” or “dentoalveolar surgery”

or “sagittal split ramus osteotomy” or “orthognathic

surgery” or “implant surgery” or “endodontic therapy”)

AND (“repair” or “surgery” or “anastomosis” or “graft”

or “sleeve” or “sliding” or “release” or “medical” or

“antidepressant” or “antiepileptic” or “laser”) or

(“trigeminal nerve repair”). Articles were selected inde-

pendently at each stage of the review by 2 authors

(A.W., R.P.), first based on inclusion criteria: 1) an injury

to peripheral branches of the trigeminal nerve, either

known transection or injury causing persistent alteration

in sensation, and 2) studies with an objective measure of

nerve recovery or patient satisfaction. Studies were

excluded for the following: 1) cadaveric or non-human

subjects, 2) studies treating suspected nerve injuries pro-

phylactically, nerve injuries from trauma, or nerves that

were planned to be transected and reconstructed at the

same time for oncologic resection, 3) papers that reported

pooled outcomes of multiple different interventions,

making it impossible to differentiate which treatment/

intervention correlated with which outcome data, 4) a full

text copy was not available in English, and 5) abstracts,

case reports, case series with <5 subjects, technical notes

and letters to the editor. Disagreement between the 2

authors was decided by the senior author (S.S.). Included

studies and results of manual search were then submitted to

a third round for evaluation of the full text.

The primary outcome was functional sensory recovery

(FSR) after intervention, as defined by the Medical

Research Council scale (MRC), which is denoted by a score

of S3 or higher8,9 (Figure 1). This outcome was either

provided in the study, or secondarily assessed by the

authors based on available information in the results. Sec-

ondary outcomes were patient satisfaction, patient and sur-

geon subjective evaluation, neurosensory testing outcomes,

and pain scores.

Quality Assessment

The papers included after the final evaluation round were

then appraised for quality according to the Cochrane

reviewers’ handbook Section 6.7.1 to assess their risk of

bias.10 If the papers met 7 out of 7 criteria, the bias was low,

6 out of 7 moderate, and <6 out of 7 bias was high. All

articles classified into 5 levels of evidence utilizing guide-

lines from the Journal of the American Medical

Association.

Statistical Analysis

Data was extracted by 2 independent authors, and pooled

after the accuracy of data collection was verified. Basic

statistical analysis was performed utilizing MedCalc Sta-

tistical Software version 19.2 (MedCalc Software Ltd,

Ostend, Belgium), via t-test, ANOVA, and Fisher exact

test. P values <0.05 were considered statistically

significant.

Results

Search Strategy

The search for articles, utilizing PubMed, EBSCO, and

Cochrane was completed on 1 January 2020. A flowchart

demonstrating included studies, according to PRISMA

Figure 1. The British Medical Research Council (MRC) Score of
Sensory Recovery. A postoperative score of S3 or higher indi-
cates functional sensory recovery. This is the most commonly
used scale for measuring nerve recovery.
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guidelines, at each stage of the systematic review is shown

in Figure 2. PubMed was searched first and found 424

articles. EBSCO found 144 new articles (74 duplicates with

PubMed), and Cochrane found 49 new articles (3 dupli-

cates). This resulted in 617 possible studies after round 1.

Eligibility of the Studies

As part of the eligibility assessment, 566 articles were

excluded after reviewing the title and abstract, leaving 49

articles. Manual search resulted in 24 additional studies,

found through a search with Google Scholar, a review of

the references of included papers, and gray literature,

resulting in 73 possible studies in total after round 2. These

73 articles were then read in full, and at the end of this more

thorough analysis a total of 20 papers were included for the

final systematic review (Figure 2). The level of agreement

between the 2 authors for the eligibility assessment was

measured at kappa¼0.96, an almost perfect level of

agreement.

The risk of bias was considered high in 12 studies,

moderate in 6, and low in 3. The source of bias in the

majority of the studies was from poor description of

patient selection process, follow-up and drop outs, and

reporting of the clinical and demographic information.

There was 1 level 1 evidence study, which was a rando-

mized controlled trial. There were 9 level 3 evidence

studies, all cohort studies, and 10 level 4 evidence studies,

which were all case series, and most were retrospective.

Of note, none of the studies were funded, but some did

have one more surgeon participating in the study that was

a paid consultant for Axogen.11-13

Data Extraction

From the 20 studies included it the systematic review, 12

were included from the main search, and 8 from the manual

search. A summary of included studies is detailed in

Table 1. The studies were all published between 2000 and

2018, and all but 1 was a single center study. From these 20

Figure 2. Flow chart of study selection. Systematic review was conducted in adherence to PRISMA guidelines.

Weyh et al. 339



T
a
b

le
1
.

Su
m

m
ar

y
o
f
In

cl
u
d
ed

St
u
d
ie

s.

A
u

th
o

r
Y

e
a
r

T
it

le
Jo

u
rn

a
l

L
e
v
e
l

o
f

E
v
id

e
n

c
e

S
tu

d
y

D
a
te

s
N

S
e
x

A
g
e

(y
e
a
rs

)

L
a
se

r
T

h
e
ra

p
y

1
M

ilo
ro

2
0
1
8

D
o
es

lo
w

-l
ev

el
la

se
r

th
er

ap
y

af
fe

ct
re

co
ve

ry
o
f
lin

gu
al

an
d

in
fe

ri
o
r

al
ve

o
la

r
n
er

ve
in

ju
ri

es
?

J
O

ra
lM

ax
ill
of

ac
Su

rg
I

N
/A

2
8

9
M

:
1
9

F
N

/A

S
u

rg
ic

a
l

In
te

rv
e
n

ti
o

n
w

it
h

o
u

t
G

ra
ft

s
o

r
C

o
n

d
u

it
s

2
R

o
b
in

so
n

2
0
0
0

P
ro

sp
ec

ti
ve

,
q
u
an

ti
ta

ti
ve

st
u
d
y

o
n

th
e

cl
in

ic
al

o
u
tc

o
m

e
o
f
lin

gu
al

n
er

ve
re

p
ai

r
B
r

J
O

ra
lM

ax
ill
of

ac
Su

rg
II
I

1
9
9
0
-1

9
9
8

5
3

1
5

M
:
3
8

F
3
0

(1
6
-5

4
)

3
La

m
2
0
0
3

P
at

ie
n
t

sa
ti
sf

ac
ti
o
n

af
te

r
tr

ig
em

in
al

n
er

ve
re

p
ai

r
O

O
O

E
II
I

1
9
9
7
-2

0
0
0

4
6

1
1

M
:
3
5

F
2
8
+

1
2

4
G

re
en

w
o
o
d

2
0
0
5

O
b
se

rv
at

io
n
s

o
n

th
e

ex
p
lo

ra
ti
o
n

an
d

ex
te

rn
al

n
eu

ro
ly

si
s

o
f
in

ju
re

d
in

fe
ri

o
r

al
ve

o
la

r
n
er

ve
s

In
t
J
O

ra
lM

ax
ill
of

ac
Su

rg
IV

N
/A

1
2

3
M

:
9

F
3
3
.8

+
1
0
.4

5
St

ra
u
ss

2
0
0
6

O
u
tc

o
m

e
as

se
ss

m
en

t
o
f
in

fe
ri

o
r

al
ve

o
la

r
n
er

ve
m

ic
ro

su
rg

er
y:

a
re

tr
o
sp

ec
ti
ve

re
vi

ew
J
O

ra
lM

ax
ill
of

ac
Su

rg
IV

1
9
9
8
-2

0
0
3

2
8

1
1

M
:
1
7

F
3
8
.5

(1
7
-6

7
)

6
P
o
gr

el
2
0
0
7

D
am

ag
e

to
th

e
in

fe
ri

o
r

al
ve

o
la

r
n
er

ve
as

th
e

re
su

lt
o
f
ro

o
t

ca
n
al

th
er

ap
y

J
A
m

D
en

t
A
ss

oc
II
I

1
9
9
1
-2

0
0
5

1
1

N
/A

7
Le

u
n
g

2
0
1
6

Lo
n
gi

tu
d
in

al
tr

ea
tm

en
t

o
u
tc

o
m

es
o
f
m

ic
ro

su
rg

ic
al

tr
ea

tm
en

t
o
f
n
eu

ro
se

n
so

ry
d
ef

ic
it

af
te

r
lo

w
er

th
ir

d
m

o
la

r
su

rg
er

y:
a

p
ro

sp
ec

ti
ve

ca
se

se
ri

es
PL

oS
O

ne
II
I

2
0
0
9
-2

0
1
2

1
2

2
M

:
1
0

F
2
8
.3

+
5
.0

A
u

to
g
ra

ft
O

n
ly

S
tu

d
ie

s

V
ei

n
A
ut

og
ra

ft
8

P
o
gr

el
2
0
0
1

T
h
e

u
se

o
f
au

to
ge

n
o
u
s

ve
in

gr
af

ts
fo

r
in

fe
ri

o
r

al
ve

o
la

r
an

d
lin

gu
al

n
er

ve
re

co
n
st

ru
ct

io
n

J
O

ra
lM

ax
ill
of

ac
Su

rg
IV

N
/A

1
5

N
/A

9
Jo

n
es

2
0
1
0

T
h
e

u
se

o
f
ve

in
gr

af
ts

in
th

e
re

p
ai

r
o
f
th

e
IA

N
fo

llo
w

in
g

su
rg

er
y

A
us

t
D

en
t

IV
N

/A
5

3
M

:
2

F
N

/A
1
0

Fu
jit

a
2
0
1
4

O
u
tc

o
m

e
fo

llo
w

in
g

lin
gu

al
n
er

ve
re

p
ai

r
w

it
h

ve
in

gr
af

t
cu

ff
:
a

p
re

lim
in

ar
y

re
p
o
rt

J
O

ra
lM

ax
ill
of

ac
Su

rg
IV

2
0
0
2
-2

0
1
2

1
0

2
M

:
8

F
3
9
.2

(1
7
-5

5
)

A
ll
o

g
ra

ft
O

n
ly

S
tu

d
ie

s

1
1

Z
u
n
ig

a
2
0
1
5

Se
n
so

ry
o
u
tc

o
m

es
af

te
r

re
co

n
st

ru
ct

io
n

o
fl

in
gu

al
an

d
in

fe
ri

o
r

al
ve

o
la

r
n
er

ve
d
is

co
n
ti
n
u
it
ie

s
u
si

n
g

p
ro

ce
ss

ed
n
er

ve
al

lo
gr

af
t—

a
ca

se
se

ri
es

J
O

ra
lM

ax
ill
of

ac
Su

rg
IV

2
0
0
7
-2

0
1
3

2
1

1
1

M
:
1
0

F
3
3
.3

+
1
7
.0

1
2

Y
am

p
o
ls

ky
2
0
1
7

E
ff
ic

ac
y

o
f
ac

el
lu

la
r

n
er

ve
al

lo
gr

af
ts

in
tr

ig
em

in
al

n
er

ve
re

co
n
st

ru
ct

io
n

J
O

ra
lM

ax
ill
of

ac
Su

rg
IV

2
0
0
8
-2

0
1
4

1
6

3
M

:
1
3

F
3
2
.6

(1
6
-6

2
)

C
o

n
d

u
it

O
n

ly
S

tu
d

ie
s

1
3

P
it
ta

2
0
0
1

U
se

o
f
G

o
re

-T
ex

tu
b
in

g
as

a
co

n
d
u
it

fo
r

in
fe

ri
o
r

al
ve

o
la

r
an

d
lin

gu
al

n
er

ve
re

p
ai

r:
ex

p
er

ie
n
ce

w
it
h

6
ca

se
s

J
O

ra
lM

ax
ill
of

ac
Su

rg
IV

N
/A

6
1

M
:
5

F
3
4

(2
1
-4

9
)

1
4

Fa
ro

le
2
0
0
8

A
b
io

ab
so

rb
ab

le
co

lla
ge

n
n
er

ve
cu

ff
(N

eu
ra

G
en

)
fo

r
re

p
ai

r
o
f
lin

gu
al

an
d

in
fe

ri
o
r

al
ve

o
la

r
n
er

ve
in

ju
ri

es
:
a

ca
se

se
ri

es
.

J
O

ra
lM

ax
ill
of

ac
Su

rg
IV

N
/A

9
1

M
:
8

F
N

/A

1
5

E
ra

ka
t

2
0
1
3

In
te

rv
al

b
et

w
ee

n
in

ju
ry

an
d

lin
gu

al
n
er

ve
re

p
ai

r
as

a
p
ro

gn
o
st

ic
fa

ct
o
r

fo
r

su
cc

es
s

u
si

n
g

ty
p
e

I
co

lla
ge

n
co

n
d
u
it

J
O

ra
lM

ax
ill
of

ac
Su

rg
II
I

2
0
0
0
-2

0
1
0

3
1

9
M

:
3
2

F
2
8
.3

+
8
.3

1
6

Se
o

2
0
1
6

P
ro

gn
o
si

s
af

te
r

su
rg

ic
al

tr
ea

tm
en

t
o
f
tr

ig
em

in
al

n
eu

ro
p
at

h
y

w
it
h

a
P
G

A
-c

tu
b
e:

re
p
o
rt

o
f
1
0

ca
se

s
Pa

in
M

ed
IV

2
0
0
5
-2

0
1
4

1
0

2
M

:
8

F
4
7
.9

+
1
2
.6

1
7

W
ils

o
n

2
0
1
7

Li
n
gu

al
n
er

ve
m

ic
ro

su
rg

er
y

o
u
tc

o
m

es
u
si

n
g

2
d
iff

er
en

t
co

n
d
u
it
s:

a
re

tr
o
sp

ec
ti
ve

co
h
o
rt

st
u
d
y

J
O

ra
lM

ax
ill
of

ac
Su

rg
II
I

2
0
0
7
-2

0
1
4

6
6

1
7

M
:
4
9

F
2
6
.8

(1
3
-5

0
)

M
u

lt
ip

le
S

u
rg

ic
a
l

T
e
c
h

n
iq

u
e

S
tu

d
ie

s

1
8

B
ag

h
er

i
2
0
1
2

M
ic

ro
su

rg
ic

al
re

p
ai

r
o
f
th

e
in

fe
ri

o
r

al
ve

o
la

r
n
er

ve
:
su

cc
es

s
ra

te
an

d
fa

ct
o
rs

th
at

ad
ve

rs
el

y
af

fe
ct

o
u
tc

o
m

e
J
O

ra
lM

ax
ill
of

ac
Su

rg
II
I

1
9
8
6
-2

0
0
5

1
6
7

4
1

M
:1

2
6

F
3
8
.7

(1
5
-7

5
)

1
9

B
ig

lio
li

2
0
1
5

Su
rg

ic
al

tr
ea

tm
en

t
o
f
p
ai

n
fu

l
le

si
o
n
s

o
f
th

e
in

fe
ri

o
r

al
ve

o
la

r
n
er

ve
J
C
ra

ni
om

ax
ill
of

ac
Su

rg
II
I

2
0
0
7
-2

0
1
3

1
9

N
/A

2
0

M
ilo

ro
2
0
1
5

Li
n
gu

al
n
er

ve
re

p
ai

r:
to

gr
af

t
o
r

n
o
t

to
gr

af
t?

J
O

ra
lM

ax
ill
of

ac
Su

rg
II
I

2
0
0
0
-2

0
1
2

4
3

1
8

M
:
2
5

F
2
8
.3

(1
5
-5

2
)

M
:
m

al
e;

F:
fe

m
al

e;
R

C
T

:
ra

n
d
o
m

iz
ed

co
n
tr

o
lle

d
tr

ia
l;

N
/A

in
d
ic

at
es

in
fo

rm
at

io
n

w
as

n
o
t

av
ai

la
b
le

in
th

e
st

u
d
y.

340



studies, 608 totals subjects were included, and in studies

that specified the sex of patients, the majority were females

(n ¼ 414). A total of 622 nerves are evaluated, with 330

inferior alveolar nerves (IAN), 292 lingual nerves (LN).

The papers were organized by type of intervention. Only

1 used low-level laser therapy.13 Within the surgical inter-

vention studies, 6 detailed direct repairs without grafts or

conduits,14-19 using only surgical decompression, debride-

ment, external/internal neurolysis, primary repair, or a

combination of these procedures. There were 6 total studies

about autografts in the preliminary search, 3 using nerve

autografts,20-22 and 3 using veins as grafts/conduits.23-25

However, all 3 nerve autografts studies were in the setting

of immediate repairs during oncologic surgery and then

excluded. Three studies evaluated allografts, all using

Avance® processed nerve allografts made by Axogen

(AxoGen, Inc, Alachua, FL, USA).11,12,26 Two of the 3

studies also used a conduit. Five studies used conduits in

the setting of a primary repair,9,27-30 and they utilized

NeuraGen® (Integra LifeSciences Co, Plainsboro, NJ,

USA) type I collagen, Axoguard® (Axogen Inc) made of

submucosa of porcine small intestine, Gortex, and polygly-

colic acid filled tubes with collagen (PGA-c). Lastly, there

were 3 studies that compared a variety of the already listed

surgical methods.12,31,32

The most common way to describe nerve repair out-

comes was with the Medical Research Council (MRC)

scale, and it was used in 9 studies. Other methods of neu-

rosensory testing were very heterogenous, as even studies

using the same technique did not use similar methods.

Evaluation methods included monofilament/Semmes-

Weinstein/Von Frey Fibers, subjective patient satisfaction

and reduction in pain, Pogrel neurosensory testing,33 a sub-

jective surgeon evaluation based on various neurosensory

testing, and the 1 laser study based its success on having a

greater than 1-unit improvement based on neurosensory

testing and pain. Thus, most of the data was unusable when

trying to pool outcome data to make a comparison.

Outcomes of the nerve injury interventions by study are

detailed in Table 2. The injuries were caused by a wide

range of etiologies. Tooth extractions (vast majority being

third molars), caused 410 of the nerve injuries (65.9%).

There was also a wide range in timing of intervention

among the studies.

Mean MRC functional recovery was not reported for

any of the non-surgical intervention studies. A summary

of outcomes via the MRC scale for the surgical interven-

tions is available in Tables 2 and 3. There was only a

statistically significant difference among the treatment

interventions of autograft v allograft, and autograft v con-

duit, when evaluating using the MRC scale. The results of

the alternative outcomes measured showed very mixed

results, where the same subjects evaluated with neurosen-

sory testing methods described by Pogrel33 and Zuniga

et al34 showed outcomes to be less favorable than when

reported with the MRC scale. Outcomes reported based

on etiology are shown in Table 4. The vast majority of

injured nerves were secondary to third molar extraction,

and the best outcomes were seen with intervention after

dental extractions and malignant pathology, and the worst

after infection and implants.

Timing of Repair

For all nerve injuries, time is “precious.”35 and immediate

repair at the moment of the damage guarantees the best

functional recovery.12 Obviously, immediate action is not

always possible, as in many studies the patients were

referred to the surgeon by another provider.35 The surgeons’

skill, patient compliance, availability of the operating room

and availability of adjunctive grafts and conduits can influ-

ence the decision of timing.36 Most nerve injuries were not

witnessed and first noted at postoperative follow-up. When

time has passed and symptoms persist, repair time is a con-

troversial topic, with studies showing mixed results. A sys-

tematic review by Kushnerev et al found many authors

recommend surgery when neurosensory deficits showed

no improvement 90 days post-diagnosis.37 Alternatively,

Nizam et al proposed a therapeutic diagnostic algorithm

where follow-up is performed for up to 3 months. At this

point, if there is no evidence of recovery of nerve function,

then surgery is indicated within 6 months. They report hav-

ing obtained statistically significant better results if the

repair is carried out before 6 months, particularly for IAN

injuries.36 Randomized controlled trials are needed to stan-

dardize the surgical timing as there still is no universally

accepted consensus on timing. The timing to intervention

was reported in a variety of ways among the papers, thus it

is not possible to calculate the average time to intervention

among all of the papers. However, 4 studies found no sig-

nificant difference between early and later repairs14,15,17,28,

and 3 reported early repairs to be superior to late.18,27,31

Lasers

For this modality, only 1 study met inclusion criteria, and it

was also the only RCT of this systematic review. The one

included study failed to show any significant improvement

in subjects receiving low laser therapy, and this modality

also requires approximately 20 sessions to complete ther-

apy, thus it is not likely that this will not emerge as a

primary treatment modality for nerve injury.

Decompression/Debridement/Neurolysis/Primary
Repair

The foundation of a successful surgical nerve repair,

regardless of method, relies upon proper debridement of

foreign bodies and scar tissues surrounding the nerve,

proper resection of injured neural tissue, and performing

a tension free repair. Thus, there are multiple surgical inter-

ventions one can perform without use of a graft or conduit.
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Direct repair or neurorrhaphy is used when the 2 ends of the

nerve can be approximated via epineural sutures without

tension, commonly for defects less than 1 cm. Direct sutur-

ing is favorable, as the length of regeneration is minimized

and there is only 1 anastomosis to complete (versus 2 for

grafts). In this review, these methods were the most com-

monly employed out of all treatment methods. Many stud-

ies show favorable results, which could be due to these

injuries being less complex than those requiring grafts at

baseline. Overall, most subjects experienced some

improvement after surgery. It was very difficult to compare

these studies as most authors relied on patient subjective

scores, were treating a heterogeneous group in regard to

cause of injury and severity, and there was not consistent

timing of the intervention.

Autograft

Autografts can be divided into 2 modalities: 1) an autoge-

nous nerve graft, and 2) an autogenous vein graft which is

used similarly to a conduit in conjunction with a direct

nerve repair. Like other surgical interventions, the decision

to use an autograft is based on the gap length of the nerve

injury, as a tension free repair is mandatory. There are

many different nerves available for autograft but com-

monly the sural nerve is used as its diameter and fascicular

pattern best matches the trigeminal nerve,38 or the greater

auricular nerve because of its ease of harvest and proximity

to the reconstruction site. The greater auricular nerve how-

ever is smaller and more prone to bifurcate early.39 Auto-

grafts can be advantageous as they are more cost effective

than allografts, and in some cases22 the donor nerve may

already be accessible near the primary surgical site.39

Multiple studies have also shown that sural nerve harvest

is well tolerated by the majority of patients, as the nerve

supplies a relatively insignificant dermatome.20,38 How-

ever, it is still important to consider the tradeoff in sacrifi-

cing sensation from one part of the body, to repair altered

sensation in another. No studies demonstrating autografting

of nerve qualified for this systematic review, as the studies

all were in the context of a planned resection of mandible

for oncologic resection.40

Vein autografts detailed in this review functioned more

as a barrier membrane or conduit than a graft bridging a

gap. The veins are often turned inside out, hoping to benefit

from the growth factors found on the external surface.25

Pogrel et al found this technique was more successful with

shorter gaps, and Fujita et al found faster recovery with the

vein autograft, when compared to primary repair alone.

Two studies were able to harvest vein from the head and

neck, avoiding a second surgical site.24,25

Allografts

All studies used Avance® processed nerve allografts by

Axogen, which are available in a variety of diameters and

lengths, and in this review, 2 out of 3 authors also used the

allograft in conjunction with a conduit. Outcomes were

similar among studies that did and did not use a conduit.

In theory, a direct repair is always thought to be superior to

an allograft repair, however Miloro et al12 suggests that

poor outcomes in nerves repaired directly may result from

attempting to avoid an allograft, either by not performing a

complete resection of neuroma to allow for a primary repair

without tension, or settling for a primary repair with some

tension. Therefore, using an allograft can give the surgeon

freedom to perform a complete resection of the nerve to

reach healthy fascicles. Miloro’s study did find superior

results with both auto- and allograft, when compared to

direct nerve repair, which was attributed to this reasoning.

Additionally, this review does prove that allografts are suc-

cessful, with comparable rates to autografts, while avoiding

donor site morbidity. Rate of FSR was similar among LN

and IANs compared in this study (87.5% IAN and 92.6%
for LN). Although results are promising and have demon-

strated success, use of allografts may be cost prohibitive for

some centers.

Conduits Without Grafting

All conduits detailed were used with graft-less surgical

intervention, however conduits were also utilized after

repair with both auto- and allografts. Conduits provide a

more consistent technical alignment of the nerve repair, as

proper alignment of the fascicles is key for repair, particu-

larly for less experienced surgeons.41 The limitation of this

method is when used without grafting for gaps >6 mm.41,42

Conduits are more of an adjunctive method enhancing pri-

mary or grafted repairs, and are not a reliable method alone

for gap reconstruction. Axoguard® and NeuraGen® per-

formed better than Gortex and PGA, achieving FSR in

Table 3. Comparison of Outcome Results Among Treatment
Modalities.

FSR via MRC

Low-Level Laser Therapy N/A
Primary Surgery (no graft/conduit) 123/154 (80%)
Autograft-Vein 10/10 (100%)
Allograft 39/43 (91%)
Autograft Sural/GA 70/95 (74%)
Conduit Only 73/81 (90%)

p-value

Primary Surgery v Autograft-vein 0.118
Primary v Autograft sural/GA 0.276
Primary v Allograft 0.095
Primary v Conduit 0.051
Autograft sural/GA v Allograft 0.025
Allograft v Conduit 0.858
Autograft sural/GA v Conduit 0.001

P-value calculated via Fisher exact test.

GA-Greater auricular nerve.
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100% of cases, versus 60% with PGA and 33.3% with

Gore-Tex.43 However, the Gortex study was the only

included study with a significant gap.28 There was high

bias when pooling results of these studies as there were

vast differences in how the procedures were performed

among studies.

Discussion

Treatment of nerve injuries can be difficult as patient

symptoms after injury are quite subjective, and often an

invasive surgical exploration is needed just to diagnose the

severity of injury, and determine appropriate treatment.

Intervention is often selected based on surgeon experience

and preference, as few maxillofacial surgeons primarily

specialized in nerve repair. Thus, this study is important

to familiarize surgeons with available treatments and out-

come data to utilize evidence-based treatment decisions.

One of the most important findings of this study is the need

to standardize the way we evaluate and treat nerve injuries.

The MRC scale was the most commonly used measure

of nerve recovery. It is appropriate and easy to use, and

addresses the primary goal of intervention, which is func-

tional recovery, not a full return to baseline.

As there is no gold standard of treatment, likely because

the heterogeneity of etiologies and subjectivity of the post-

operative symptoms experienced and tolerated by patients,

surgeons have many options when planning nerve repair.

Based on the synthesis of this systematic review the best

results appear to occur when the repair is initiated sooner,

with the best time being as soon as the injury is discovered.

Ideal treatment will be patient dependent, as it is unaccep-

table to some patients to lose sensation in another area of

the body to recover sensation elsewhere, and for others

allografts may be cost prohibitive. Primary repair that is

truly tension free is ideal, but if there is any doubt then

allograft/autograft should be used to span the gap. Conduits

should not be used if there is a gap, and only as an adjunct

to better approximate the free nerve ends, considering use

of autograft over allograft if the tissues are readily acces-

sible from the surgical access.

Cost is an important consideration in nerve repair.

Avance® was the only allograft used in this systematic

review, and it comes in various lengths and diameters. In

2020, the average price in the United State, when factoring

in all available sizes, and using the pricing for those who

routinely use and keep product in stock was $3,790.00 +
$1,630.51 (Range $1,887-6,254). However, purchasing a

graft on consignment, or on demand for a single case is

significantly more expensive, with prices ranging from

$2,417-7,950. The average price of all available

Axoguard® sizes is $1,534.70 + $441.93 (range $1,030-

2,283). Again, purchasing a conduit for an individual case

is more expensive with prices ranging from $,1260-1,851.

In addition, many surgeons utilize both Avance® and

Axoguard® for each nerve repair. Although expensive,

allografts can prevent potentially greater costs being

incurred if there are complications at the donor site.

Limitations of this study include heterogeneity of sur-

geons, institutions, surgical methods, timing to interven-

tion, different conduit materials, and most importantly,

method of reporting outcomes. There was also a paucity

of higher-level evidence studies to review. Data was pooled

to show general trends, but needs to be evaluated with

critical judgment because of the biases mentioned.

Conclusion

There are many studies reporting outcomes management of

trigeminal nerve injuries, but most provide low-level evi-

dence. Many different treatment modalities are currently

available, however the decision to perform surgical repair

should depend first on the ability to complete a tension free

repair, and then evaluate the need for adjuvant graft mate-

rials. The data of this study supports the ability of surgical

intervention to achieve functional sensory recovery in a

Table 4. “Improvement” Outcomes by Etiology.

3rd Molar Endodontics Benign Malignant Implant Orthognathic Infection

Direct Repair 33/5314 10/1118 1/416 0/116

4/716

11/1219

Vein Autograft 2/325 1/125 1/125

10/1024

Allograft 7/1311 6/611 0/211 1/211

Conduits 2/428 0/228 0/129 1/329 0/129

8/930

5/529

43/439

Total (n) 146 13 5 7 5 4 1
% Improved 87.4% 76.9% 40.0% 85.7% 20.0% 50.0% 0.0%

Improvement defined as MRC S3 or greater or a reported subjective patient improvement from baseline.
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significant number of subjects, and found evidence for bet-

ter outcomes with intervention closer to the time of injury.

We propose that future studies on this topic should be

designed as prospective controlled trials, standardizing tim-

ing to intervention, surgical procedures, and use the MRC

scale to measure postoperative outcome.
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