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Abstract

Background: A concern associated with implant placement is the potential occurrence of neurovascular lesions
and subsequent development of sensory alterations in patients undergoing implant placements. The objective of
this review is to evaluate the incidence of neurosensory alterations based on the proximity between the implant
and the mandibular canal

Material and Methods: A systematic review was conducted in MEDLINE, Web of Science, and Scopus. Studies
with common variables were selected to conduct a meta-analysis. The patient classification was based on the man-
dibular canal-implant distance. Neurosensory alteration percentages were calculated for each study and group.
Results: The findings indicate significant correlations between implant placement proximity and neurosensory
risks. The incidence of neurosensory alterations in patients with implants placed at a distance > 2 mm from the
mandibular canal was 0%. Similarly, for distances between 1-2 mm from the mandibular canal, the incidence
remained at 0%. However, for implants placed at a distance of 0-1 mm from the mandibular canal, the incidence
of neurosensory alterations was 68%. Additionally, patients with implants that intruded into the canal had an in-
cidence of 53% in the development of neurosensorial alterations.

Conclusions: A distance of | mm from the mandibular canal might be safe. Implants placed at a distance less than
1 mm from the mandibular canal exhibit neurosensory alterations. Clinicians should be aware of the potential
risk of nerve injury and adopt appropriate precautions, including meticulous preoperative planning and three-
dimensional radiographic images.
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Introduction implant dentistry is not exempt from complications. A
In recent years, notable progress has been observed major concern associated with implant placement is the
in the field of dental implantology, establishing dental potential occurrence of neurovascular lesions and sub-
implants as a reliable treatment modality for replacing sequent development of sensory alterations in patients
missing teeth (1). Similar to other treatment modalities, undergoing this treatment (2).
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The prevalence of implant placements has experienced
a notable surge, which, in turn, has led to a correspond-
ing increase in the documentation of neurovascular
injuries over time in the scientific literature. Neuro-
vascular complications tend to be most frequent in the
mandibular region (2).

This complication may occur either from direct nerve
trauma or as a consequence of indirect trauma, such as
pressure exerted by a hematoma surrounding the neu-
rovascular canal. Additionally, instances of chronic
neuropathy have been reported in cases where implants
were positioned close to the nerve without direct con-
tact, leading to chronic stimulation (3).

The nervous system configuration within the mandi-
ble has been extensively investigated to identify risks
and prevent injury to neural structures (3,4). Various
types of nerve lesions are classified based on the extent
of physical damage and associated symptomatology,
which is crucial for prognostic considerations. These
classifications include neuropraxia, axonotmesis, and
neurotmesis (4).

The occurrence of neuropathic pain after implant ther-
apy shows variations across different studies, ranging
from 0% to 24% in the literature (3,5). Among the af-
fected nerves, the inferior alveolar nerve (IAN) is the
most commonly injured, followed by the lingual nerve.
The primary factors contributing to IAN lesions are
mainly iatrogenic, and the resolution of these injuries
often takes more than 8 weeks. Nevertheless, approxi-
mately 80% of cases recover normal sensation within 6
months post-injury, with 91% experiencing full recov-
ery after one year (0).

A safety distance of 2 mm was initially established by
Misch and Crawford and later corroborated by Bartling
et al. This distance has been widely accepted in the lit-
erature as a means to mitigate nerve damage and neuro-
sensory alterations associated with implant placement.
Although more accurate diagnostic modalities, such as
cone-beam computed tomography (CBCT) appeared in
this field, the 2 mm safety distance based on panoramic
X-ray studies remains a standard reference (7,8).

The objective of this review is to evaluate the incidence
of neurosensory alterations (NA) based on the proxim-
ity between the implant and the mandibular canal.

Material and Methods

This systematic review was structured according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA®) Statement (9).

The study aimed to address the following PICO (P=
patient/population/problem; I= intervention; C= com-
parison; O= outcome) question: "How does the distance
(I) between the implant and the mandibular canal (C)
impact the development of NA (O) in patients (P)?"
PICO components:
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P: Patients underwent implant placements.

I: Distance between the implant and the mandibular canal.
C: Different distances between the implant and the
mandibular canal.

O: Type of NA development.

-Inclusion Criteria:

The included articles met the following criteria: studies
conducted on human subjects; randomized controlled
trials; non-randomized controlled clinical trials; pro-
spective or retrospective cohort studies, cross-sectional
studies; case-control studies, case series with more than
20 cases, case reports, and observational studies. They
should be published in English and published within the
last 10 years.

-Exclusion Criteria:

The exclusion criteria were defined as follows: stud-
ies conducted on animals; investigations carried out on
cadavers; experimental laboratory studies; systematic
reviews and meta-analyses; duplicated publications;
books or book chapters; letters to the Editor; and com-
mentaries.

A thorough literature search was performed up to
March 3rd, 2023 across the following databases: MED-
LINE (via PubMed), Web of Science, and Scopus. Ad-
ditionally, the bibliographic references of the selected
articles were meticulously reviewed to identify relevant
publications that did not appear in the initial search and
might be of interest. Two independent researchers per-
formed the search (JE. P-C. and J.M). MeSH (Medical
Subjects Headings) terms, keywords, and other free
terms were used with boolean operators (OR, NOT,
AND) to combine searches: (Neuropathic OR nerve in-
jury OR neurosensory disturbance OR numbness OR
sensory disturbance OR dysesthesia OR paresthesia OR
altered sensation) AND dental implant. The same key-
words were used for all search platforms, following the
syntax rules of each database.

-Study records

Two researchers (JF. P-C. and J.M). independently com-
pared results to ensure completeness and removed du-
plicates. Then, the full title and abstracts of the remain-
ing papers were screened individually. Finally, full-text
articles included in this systematic review were selected
according to the abovementioned criteria. Disagree-
ments over which eligible studies were to be included
were discussed with a third reviewer (AL) and a con-
sensus was reached. Agreement between reviewers was
measured with the Kappa coefficient. The results were
also expressed as the concordance between reviewers
(92,5%). If necessary, study authors were contacted for
clarification or missing information.

Data were gathered from text and tables. Before extrac-
tion, a calibration exercise was conducted to ensure
consistency among reviewers, involving simultaneous
data extraction from one eligible study. Any disagree-
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ments during this phase were addressed through discus-
sion, and if both reviewers remained in disagreement, a
third reviewer (A.L) was consulted for the final decision.
Data on the following were extracted from the articles:
identification of the study (authors, year of publication,
and study design); sample characteristics (sample size,
number of patients/number of implants, frequency of
neurosensory disturbances, type of neurosensory al-
terations, radiographic method used, implant distance
to the mandibular canal, time to recovery).
-Meta-analysis

Those studies with common variables and homogene-
ity were selected to assess the possibility of perform-
ing a meta-analysis. Studies should register the number
of implants, number of patients, and inferior nerve ca-
nal distance from the implant and register NA. Studies
with common variables and homogeneity were selected
to conduct a meta-analysis. The selected studies were
required to report the number of implants, number of
patients, and registered distance between the implant
and the NA.

Patient classification was based on the nerve canal-im-
plant distance and grouped as follows: 0-1 mm of dis-
tance, 1-2 mm of distance, and >2 mm of distance.
Neurosensory alteration (NA) percentages were calcu-
lated for each study and group, categorized as either
hyperesthesia and/or neuropathic pain group or hypoes-
thesia group, following the definitions provided by the
International Association for the Study of Pain (IASP).
A quantitative synthesis using a meta-analysis software
program was performed (SPSS v28, IBM SPSS, 2021).
Fixed- or random-effect models were applied based on
the heterogeneity among studies. The forest plot was
used to illustrate the weighted mean of the outcome in
each study and the final estimate.

-Risk of bias in individual studies

The authors assessed the included studies' quality and
risk for bias by the Newcastle-Ottawa Scale (10). The
selected studies were observational studies, for which
this bias assessment protocol is specifically appropri-
ate. This was done independently and in duplicate by
two authors (J.M. and S.A.). Any disagreement was dis-
cussed between the two authors and a third researcher
was consulted when agreement did not exist (J.F.P.C).

Results

-Study selection

The search strategy yielded 1254 results (PubMed:
658, Scopus: 44, Web of Science: 552). After applying
a chronological limitation of 10 years, 771 articles re-
mained. Further application of the English language cri-
terion reduced the count to 761 articles. Subsequently,
by considering studies conducted on human subjects,
the number was further reduced to 667 articles. After
removing duplicates (n=171), 496 articles were retained.
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Two independent researchers (J.M. and J.F. P-C.) re-
viewed the titles and abstracts of the remaining arti-
cles, excluding 437 papers that fell outside the scope
of this review, resulting in 58 potential references.
Upon examining the full text of these 58 articles, 44
were excluded for not meeting the inclusion criteria.
As a result, 14 observational studies were ultimately
included in this systematic review (Fig. 1) (11-24). The
excluded articles and reasons are represented in the
Supplement 1. Characteristics of the included articles
are represented in Table 1.

-Neurosensory Alterations and Sensory Testing

The studies reviewed focused on assessing sensory dis-
turbances associated with dental implant placement,
particularly concerning the proximity to the mandibular
canal and other contributing factors (25). The findings
indicate significant correlations between implant place-
ment proximity and neurosensory risks, demonstrating
the need for precise surgical planning and execution
(5,11,13). One study assessed extra and intraoral NA of
the IAN in 33 patients with dental implants on one side
of the posterior region of the mandible. Sensory test-
ing of the mental nerve innervation areas revealed no
significant differences, although the mucosal lower lip
showed lower sensitivity to touch, and pain compared to
the chin. The average distance from the implant to the
mandibular canal was 2.654+1.75 mm (11).

A retrospective study involving 34 patients diagnosed
with trigeminal neuropathy following implant place-
ment analyzed data from the Neuropathic Pain Symp-
tom Inventory (NPSI), thermal and electric Quanti-
tative Sensory Testing (QST), Qualitative Sensory
Testing (QualST), and CBCT. Numbness was the most
common symptom, observed in 91% of patients, while
evoked pain was reported by 94% (12).

Further retrospective studies assessed the risk of NA in
patients with implants placed within 2 mm of the man-
dibular canal in the posterior region. One study found
that 1.3% of implants were positioned within 2 mm of
the mandibular canal, whilst 0.39% were placed at a dis-
tance of less than Imm from the mandibular canal. One
implant placed within 0 to 0.99 mm of the mandibular
canal presented with temporary NA (13). Another study
involving 60 patients with 101 implants found that im-
plants that resulted in NA had an average implant pene-
tration into the mandibular canal of -0.86 0.5 mm (20).
Additional research corroborated the transient nature of
NA and emphasized the importance of implant prox-
imity to the mandibular canal, reporting transient al-
terations in 348 patients with implants placed close to
the mandibular canal. NA were more prevalent when
implants were placed within 1.5 mm of the canal (19).
Another study identified a high incidence of implants
affecting the accessory lingual canals, leading to NA in
27% of patients (19).
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Table 1: Characteristics of included studies.
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Number of F::; Injury Ill;l;t
Global sam- patients or o‘f]lllleurﬁ- Radio- | tothe | Distance to the rgmov- Type of neurosen- Time to
Author le size implants senso graphic | nerve | mandibular alas | SOTY alteration/ recover
p studied with | SS5°Y | method during canal pain
issues distur- drillin, treat-
bance 8 ment
CTor 1 month
< 3025 I 62 Implants | 100% CBCT NS <Imm No NS 403
carano -
plants CTor Contact without 1,5 mon-
@l (3) | 30250m. | 12tmplanss | 100% ) cger | NS ) Tinirusion | YeS NS th+03
lants
P 8 Implants 100% gg COF} NS | Canalintrusion | Yes NS 6 rf_%n;hs
560 Implants. | 100% Panxo_ig;nlc - <1lmm NS Hi% Zig;fﬁleasgnd -
121 Implants | 100% Pa%‘f;:;mc ; (0-0.45mm) ; - 121 more
216 Implants | 100% Pa;‘gg;mc - | 046-099mm) | - . 216810
Karabit : 223 less
1571 P
etal. (21) 245;:7)72 II?:;?;S; 223 Implants - - (0.76- 1 mm) - - than 1
2018 week
4 cases
’ . 4 Less
490 Implants a‘l):étrl;- PaI;gizgllc - 1-1,99 mm NS Frozen sensation | than 1
- week
tion
1382 Implants | 0% Pa;(z;:;nlc - >2mm NS None None
SPatients/9 | g | cBCT | YES | Canalintrusion | Ns |FParesthesia@and | g
. Implants neuralgia (1)
Froum et al | 60 Patients, <2mm (014 o
20)2021 | 101 Impl i :
(20)2021 | 101 Implants | 55 patients92|  Ns | CBCT | YES |18mm)without| NS None NS
P contact
Paasky 178 Pa- 178 pa-
etal.(14) tients/405 tients/405 NS NS NS NS NS NS NS
2022 Implants implants
Chaar et al. S?bll)gtlifr?-t * | soPatients | Ns NS | YES s NS NS 3 month
(19)2022 Jants) ents Away from the onths
p canal-6 patients
Vazquez- Panoramic Pain, hypoesthesia,
Delgado | 1012 Patients | 8 Patients . alodynia,
etal (15) |3743 Implants | (NS Implants) NS X_Cr%}gfld YES Inside canal NS Trigeminal neurop- NS
2018 athy without pain
Politis et al Panoramic Frozen sensations,
(16) 2017 *| 26Patients | 13 Implants NS X-rayand | YES NS NS paresthesia, and NS
CBCT neuropathic pain
. . 34 implants1-2
. 1957 patients Panoramic None
Kli?k etal. 3608 Im- 34 Implants NS X-rayand | NS _mm One 16
(13)2014 plants CBCT 14 implants case Neurovascular | months
0-lmm alteration
Hartmaan 33 Patients Panoramic
etal. (11) | 33 Patients NS | Xrayand | YES |2.65+175mm | NS N“mb“essf tem- | NS
2016 (NS Implants) CBCT perature algesia
CBCT and No contact be- Numbness, pares-
17 Implants 100% | Panoramic| NS | tweenthenerve | NS thesia/dysesthesia, NS
X-ray and the implant burning pain
CBCT and Contact without Numbness, pares-
1 implant 100% | Panoramic | NS intrusion NS | thesia/dysesthesia, NS
Kimetal. 34 Patients X-ray burning pain
(12) 2019 CBCT and Partial en- Numbness, pares-
14 Implants | 100% | Panoramic | NS croachment NS | thesia/dysesthesia, NS
X-ray burning pain
CBCT and Perforation of Numbness, pares-
2 Implants 100% | Panoramic | NS the IAN NS | thesia/dysesthesia, NS
X-ray burning pain
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Table 1: Cont.
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Klazen .
et al. (18) 53 Patients 9 Implants NS CBCT NS Nel};‘zil(liléury NS Hyperalgesia | 3 months
2018
. Close to the
1 Implant NS A)éf;nCST_ NS canal without NS NS 5 days
Juodzbalys . : contact
et ‘21(1)'1(32 2) | 16 Patients 7 Implants NS A)éf;nCST_ NS Into the canal NS NS 14h-52h
Axial CT- Damage during
3 Implants NS Scans NS drilling NS NS 13h-28h
CT and None
4 Implants 0% | Panoramic| No 2mm or more No Paresthesi N/A
X-ray aresthesia
CT and .
1 Implant 100% | Panoramic | Yes 1to2mm Yes Paresthc}elmq, Dy- NS
X-ray sesthesia
Givol etal. | 92 Patients CT and 0 hesi NoR
(23)2013 | 92Implants | 8Implants | 100% |Panoramic| Yes Omm Yes }g)ffrZSt esia, 0 e
Xoray odynia, covery
CT and Hyperalgesia, Par-
28 Implants | 100% | Panoramic | Yes Into the canal Yes ﬂf Sthesxl’ Dy}f es- | NoRe-
Xeray esia, Anest esla, | covery
Hypoesthesia
Panoramic
X-Ray
Agbaje 36 Patients lgr?gtl?i-c Hypoesthesia
etal (24) | 7602 Patients | 56 Patients NS di h NS NS NS yp hic pa. NS
2015 (NS implants) radiograp neuropathic pain
CBCT
MRI
CT

NS: No specified.

Another study examining 7,602 patients found that
neurosensory damage to the trigeminal nerve branch
occurred in 56 cases, with implant placement being a
common cause. Hypoesthesia was the most frequent
symptom, followed by neuropathic pain (24).

An analysis of 16 patients who all experienced sensory
disturbances post-dental implant placements identified
hyperalgesia as the cause in 31.25% of cases and hypo-
algesia in 68.75%. Postoperative sensory disturbances
were often related to bleeding during surgery, pain dur-
ing drilling, and modifications to the initially chosen
implant size. This study found that dental implants were
the most common etiological factor for nerve injury (22).
-Demographic and Clinical Factors Affecting Implant
Success

Demographic factors such as age and gender impact the
risk of nerve damage during implant procedures. One
study observed that older women are more susceptible
to IAN damage, suggesting the use of a CBCT to exam-
ine nerve distribution, due to inappropriate radiographic
examinations being a common cause of nerve damage
(14). Another retrospective cohort study determined the
prevalence of neuropathic pain and NA after dental im-
plant placement, highlighting that most cases occurred
in patients over 60 years old, primarily women (17).
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An analysis of 1,065 patients receiving 3,025 implants
found that while a significant percentage experienced
sensitivity disturbances shortly after implantation,
these typically resolved within 13 months. The study
did not find a correlation between the bone above the
mandibular canal, implant length, operator experience,
or ridge atrophy and the incidence of altered sensation.
However, it was noted that many cases of mandibular
canal and IAN injury were evaluated only with dental
panoramic X-rays, with few using CT or CBCT preop-
eratively (15).

-Management and Outcomes of Neuropathic Pain after
implant placement

Of the studies exploring factors contributing to neu-
ropathic pain following dental implant placement, one
case series report observed 26 patients with neuropathic
pain, noting that those who had implant removal within
three months experienced symptom improvement. In
contrast, patients who had implant removal after four
months did not see their symptoms improve (16).

A retrospective cohort study examining 53 cases of
iatrogenic trigeminal nerve injury found that dental
implant placement was a common cause of nerve dam-
age, often accompanied by pain. All cases with implant
placement had persistent symptoms three months post-
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Fig. 1: PRISMA® flow diagram of the search.

treatment onset. The study highlighted that third molar
extractions were the most common cause of nerve in-
jury, followed by implant placements (18).
-Preoperative Planning and Etiological Background
Radiographic imaging has been considered an im-
portant factor during the planning for dental implant
procedures as it provides essential diagnostic informa-
tion. Moreover, implementing adequate radiographic
imaging techniques can lead to successful treatment
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outcomes. Thus, it is important to address which radio-
graphic methods have been used in the included studies.
Advanced imaging techniques, such as CT and CBCT
have become a valuable tool for diagnosis. In most of
the included studies, CBCT and CT techniques were
utilized either in preoperative planning and postopera-
tive diagnostics of neuropathic alterations (11,12,15,16-
18,20,22,24). However, in some of the studies, Pan-
oramic X-ray was used as part of preoperative planning



Med Oral Patol Oral Cir Bucal-AHEAD OF PRINT - ARTICLE IN PRESS

and afterwards, postoperative diagnostics either in
combination with CBCT and CT was used as only ra-
diographic method (13,21).

A study involving 92 patients with neurosensory defi-
ciencies related to dental implant placement revealed
that the majority of cases were associated with preop-
erative planning relying on panoramic or periapical ra-
diographs, rather than CT scans (23).

Despite CBCT imaging is a “gold standard” diagnostic
tool, it has several limitations that need to be addressed:
radiation exposure, artefacts and image distortions, es-
pecially when metallic objects are present, limited soft
tissue visualization, lack of resolution capture for as-
sessing thin bony structures, accuracy-related to mea-
surements (patient movement, artefacts, voxel size) and
radiation scattering and beam hardening artefacts that
can affect image quality and disable visualization of ar-
eas with anatomical structures. (26-28).

The selected studies for meta-analysis and their clas-
sification in groups are described in Table 2.

-NA rate based on implant distance to the IAN canal.
The incidence of NA in patients with dental implants
placed at a distance > 2 mm from the mandibular ca-

B Effect size of each study
<@ Estimated overall =ffect size

I Estimated overall confidence interval

Group Stuay Effect Size Std.
> mm Karabit et al 2018 0.00
Subgroup Overall 0.00
0-1 mm Karabit et al 2018 0.57
Kutdk et al, 2014 0.07
Juodzbalys, 2011 1.00
Subgroup Overall o.s8
1-2 mm Karabit et al 2018 0.01
Kuatdk et al, 2014 0.00
Subgroup Overall 0.00
Canal inctrusion Klazen, 2018 0.78
Juodzbalys, 2011 1.00
Subgroup Overall 0.93
Overall 0.48

Funnel Plot - All Studies

®>2mm
©0-1 mm
00| @ *— o12mm

© Canal intrusion
— 95% pseudo confidence
intervals

(observed studies)

005 7 v

‘Standard error

010 7 v

10

Exxoxr
0.
0.

0 00 o0

__Estimated overall effect size
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nal was 0% (confidence interval: 0.00-0.00). Similarly,
for distances between 1-2 mm from the mandibular ca-
nal, the incidence remained at 0% (confidence interval:
0.01-0.02). However, for implants placed at a distance of
0-1 mm from the mandibular canal, the incidence of NA
was 68% (confidence interval: 0.09-1.28). Additionally,
patients with implants that intruded into the mandibu-
lar canal had an incidence of 53% (confidence interval:
0.13-0.82) in the development of NA. (View Fig. 2).
-NA type based on implant distance to the mandibular canal.
-Hypoesthesia

Patients with implants placed at a distance of > 2 mm
from the mandibular canal and those in the 1-2 mm
group exhibited a 0% incidence of NA (confidence in-
terval: 0-0). However, patients with implants positioned
between 0-1 mm from the mandibular canal had a NA
development rate of 58% (confidence interval: 0.06-
1.11). Furthermore, patients with implants that intruded
into the mandibular canal presented hypoesthesia in
42% of cases (confidence interval: 0.42-1.26). Notably,
both the 0-1 mm and mandibular canal intrusion groups
showed significant differences concerning the 1-2 mm
and > 2 mm distance groups. (View Fig. 3).

| Confidence interval of effect size

Lower Upper p-value Weight Weight (%)

00 -0.00 o0.o00 1.00 4.07 1Z.&5
00 -0.00 o.o0o0 1.00
.01 0.9%& o.ss o.00 4.07 1Z-.64
.07 -0.08& 0.1 0.30 4.00 1Z.41
.00 1.00 1.00 o.o00 4.07 p -
.30 o0.0% 1.8 0.0z
.01 o.00 0.0z 0.04 4.07 1Z.&84
.00 -0.00 o.o00 1.00 4.07 1Z.&5
.01 -0.01 0.0z 0. 44
-14 0.51 1L.0s o.o00 3.78 11.73
.00 1.00 1.00 o.o00 4.07 12.6S
.10 ©0.73 1.13 o.o00
-18 0.13 0.8z o.01
ForestPlot
E
<
>
_
—————

00 05 10 15

Fig. 2: Meta-analysis of the NA rate based on implant distance to the mandibular canal.
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Table 2: The meta-analysis included articles.
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Aubor | Year | Numberof | | Aeration durar | Groups | Numberof | Type ofneurosensorial
implants lar canal tion P patients alteration
121 implants 0- 0.45 mm Mo;;aotnht:lilrsl 12 241 patie(r61t657h6}[/)2;)esthesia
Group of 0-1 361 -
Kara‘;)it 2018 216 implants | 0.46-0.75 mm 6 to 12 months mm patients 110 patients hyperesthe-
e(tzzlz). 223 implants | 0.76- 1 mm | Lessthan 1 week sia (30.47%)
4 implants 1-1.99 mm Less than 1 week | Group of 1-2mm | 316 patients | 4 hyperesthesia (1.27%)
1382 >2mm None Group >2mm 894 None (0%)
Kiitik 34 implants 1-2 mm None Group 1-2mm | 34 patients None (0%)
etal. | 2014
(13) 14 implants 0-lmm 16 months Group 0-1 mm | 14 patients 1 hypoesthesia (7.14%)
Klazen . . . Group canal . .
etal. 2018 | 9implants | Canal intrusion 3 months roup ¢ 9 patients 7 hyperalgesia (77,7%)
(19) intrusion
6 hypoesthesia (85,71%
Juodz- 7 implants | Canal intrusion | Less than 1 week Gr?llllg sziginal 7 patients P - ( 0
balys et | 2013 1 hyperesthesia (14,29%)
al- (22) 1 implant 0-1 mm Less than 1 week %r_?rlr%gf 1 patient 1 hypoesthesia (100%)

B Effect size of each study Confidence interval of effect size

@ Estimated overall effect size

T Estimated overall confidence interval

Group Study Effect Size Std. Error Lower Upper p-value Weight Weight (%)

>2 mm Karabit et al 2018 0.00 0.00 -0.00 0.00 1.00 19.51 13.40
Subgroup Overall 0.00 0.00 -0.00 0.00  1.00

0-L mm Karabic ec al 2018 0.3 0.02 0.2 0.35 0.00 1s.25 1328
Kucuk et al, 2014 0.00 0.00 -0.00 0.00 1.00 18.51 13.40
Juodzbalys, 2011 0.00 0.00 -0.00 0.00 1.00 18.51 13.40
Subgroup Overall 0.10 0.10 -0.10 0.30 0.32

1-2 mm Karabic ec al 2018 .01 0.01 0.00 0.0z 0.04 15.50 13.38
Kok et al, 2014 0.00 0.00 -0.00 0.00 1.00 1s.51 13.40
Subgroup overall 0.00 0.01-0.01 0.0z  0.44

Canal intrusion Klazen, 2018 0.78 0.14 0.51 1.08 0.00 14.18 9.78
Juodzbalys, 2011 0.14 0.13 -0.12 0.40 0.28 14.55 9.99
Subgroup Overall 0.46 0.32 -0.16 1.08 0.15

overall o013 0.08 -0.03 0.2 0.1

Model: Random-effects model

Test of between-subgroup homogeneity: Q = 3.68, df = 3, p-value = 0.30

Forest Plot
->
->
= o oz D o8 2

B Effect size of each study Confidence interval of effect size
@ Estimated overall effect size

T Estimated overall confidence interval
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Fig. 3: A. Meta-analysis of the hyperesthesia rate based on implant distance to the mandibular canal. B. Meta-analysis of the hypoesthesia rate

based on implant distance to the mandibular canal.

-Hyperesthesia

The > 2mm and 1-2 mm groups had hyperesthesia at
a rate of 0% of the cases (with a confidence interval of
0-0 and 0.01-0.02 respectively). (View Fig. 4). Those
patients in the 0-1 mm and mandibular canal intrusion
groups had NA with hyperesthesia in 10% of the cases
(confidence interval 0.1-0.3) and 46% (confidence inter-
val 0.16-1.08) respectively. (View Fig. 3).
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Outcomes related to the meta-analysis are illustrated
in Fig. 4.

-Risk of bias in individual studies

Based on the Newcastle-Ottawa Scale assessment, the
quality of studies varied. Five studies were classified
as good quality due to high scores across all domains,
indicating strong methodological rigor (12-15, 19, 20).
Medium-quality studies showed minor limitations, typ-
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ically in cohort comparability or follow-up adequacy
(9, 17, 21, 22). The remaining studies were rated as low
quality due to lower scores, primarily in areas of follow-

Nerve damage related to dental implant placement in the mandible

up length and cohort selection, affecting their reliabil-
ity.10,11,16,18 The outcomes of the risk bias assessment
are represented in Table 3.

> 2mm to the
mandibular canal

1- 2mm to the
mandibular canal

0% 0%

Hyperesthesia/ N. pain 10 %

Into the mandibular
canal

<1 mm to the
mandibular canal

68 %
Hypoesthesia 58 %

53%
Hypoesthesia 42 %

Hyperesthesia/ N. pain 46 %

Fig. 4: Incidence of NA based on nerve canal-implant distance.

Table 3: Risk Bias Assessment.

Selection Comparability Outcome
Represen- Selec- Ascer- | Demonstration | Comparabil- | Assess-| Was follow Ad-
Study tivgness of | tionof | tain- | thatoutcomeof | ityofcohorts | ment up long equacy | Total
the exposed the non- | ment of | interest was not | on the basis of | of out- | enough for | of follow | score
cohorI; a) exposed expo- | presentatstart | thedesignor | come | outcomes to | up of co-
cohort (1) | sure (1) | of study (1) analysis (2) (1) occur (1) | horts (1)
Scarano et al. % % % % % % % % Good
(2017) (15) Quality
Karabit et al. % % % * « % % s Good
(2018) (21) Quality
Froum et al. % « s " « « ) ) Low
(2021) (20) Quality
Paisky et al. % % % % % « « % Good
(2022) (14) Quality
Chaar et al. * * * * * * ) ) Medium
(2022) (19) quality
Vazquez-
Delgado et al. * * * * ok * * * qﬁgﬁ?y
(2018) (17)

Politis et al. % % % " . % % % Good
(2017) (18) quality
Hartmaan et % % % % % % Medium
al. (2016) (11) B ) quality
Kimet al. * * * ) % * ) ) Low
(2019) (12) quality

Kitiik et al. % % % ) « « % ) Low
(2014) (13) quality
Klazen et al. % ) " ) « % % ) Low
(2018) (18) quality
Juodzbalys et * % % * . * * * Good
al. (2013) (22) quality
Givol et al. % ) " " " % " ) Medium
(2013) (23) quality
Agbaje et al. % ) % % % % « % Medium
(2015) (24) quality
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Discussion

Nerve injury is a recognized complication associated
with dental implant placement in the mandible. The
reported prevalence of such injuries exhibits substan-
tial variation across studies. Some studies indicate low
rates, with less than 1%, while others report higher fig-
ures, ranging from 24% (29) and even one study iden-
tifying 43.5% nerve injuries following dental implant
placement (30). This considerable diversity in reported
percentages may stem from differences in receptor site
anatomical conditions, surgical techniques (free hand
vs guided surgery), utilization of digital planning, and
variations in follow-up time.

Digital implant planning (from CBCT site evaluation
to comprehensive virtual planning in dedicated implant
software) should be regarded as the gold standard in
contemporary dental implant dentistry. This approach
allows for a detailed assessment of the anatomical con-
ditions at the surgical site, ensures compliance with
the site phenotype requirements for successful implant
placement, identification of anatomical structures (e.g
mandibular canal) and preventing potential complica-
tions or co-morbidities associated with the surgery
(20,31,32).

However, in daily practice, different radiological tech-
niques have been used for the assessment of the ana-
tomical structures before implant placement procedures
(CBCT, CT, Panoramic X-rays, and Magnetic resonance
imaging). Even though CT has been a useful tool for
digital implant planning and diagnosis, its high radia-
tion dose puts CBCT as the preferable radiographic im-
aging in modern implantology. Panoramic x-rays are
still being used as a diagnostic tool and they can pro-
vide a general overview of the upper and lower jaw with
a small dose of radiation (13). However, panoramic-
X-rays may also have limitations such as a degree of
magnification of around 20-30% that can cause picture
distortion, and inability to identify important anatomi-
cal landmarks accurately such as the mandibular canal
(30). Most of the included studies in this systematic re-
view and meta-analysis utilized CBCT or CT imagin-
ing in preoperative planning and postoperative nerve
injury evaluation or a combination of 3D imaging with
panoramic X-rays. However, two studies did not specify
which radiographic imaging method was used (14,19)
and only one study using a standardized measurement
protocol in panoramic X-rays was included (21).

To enhance the systematic review's quality, we exclu-
sively included studies published within the last ten
years, ensuring broader access to digital planning tools
for researchers. Consequently, the data reported in these
studies originate from articles wherein researchers had
access to virtual planning and post-operative CBCT
scans, enabling accurate identification of the mandib-
ular canal and measurement of the distance between
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the implant apex and mandibular canal. To emphasize
the pivotal role of digital planning in mitigating nerve
damage, a study included in our analysis, revealed that
76% of cases with NA relied on treatment planning with
periapical or panoramic radiographs instead of utilizing
virtual planning (23).

Not only digital planning is important but also the sur-
gical technique (i.e guided vs free hand drilling and
implant placement), or bone quality at the recipient
site related to implant-related complications and nerve
injuries (33,34). A study demonstrated, despite CBCT-
based planning, IAN injury occurred due to mandibular
canal intrusion of 0.86 + 0.5 mm.20 Hence, while digital
planning holds importance, the translation of the virtual
plan into a clinical scenario through computer-assisted
implant surgery (CAIS) becomes crucial to prevent po-
tential deviations from the original plan and mitigate
risks associated with nerve injuries (34).

Distance between the implant apex and the mandibular
canal emerges as a critical factor influencing the risk of
nerve injury. Studies consistently report that a smaller
distance correlates with a higher risk of nerve injury.
Consequently, implant design, 3D position during plan-
ning and mean deviation of the final implant position
compared to the planned one should be considered dur-
ing implant planning and placement. Particularly when
employing free-hand surgical strategies (13,21,23).

The safety distance of 2 mm was confirmed in studies
of Mish and Crawford (1990); and Bartling et al. (1999)
seems rational, and has been well accepted in the litera-
ture until today (7, 8). However, this distance was de-
scribed a long time ago and Implant Dentistry has made
advances with new implant surfaces, increased usage of
narrow and short implants as well as computer-guided
surgery. These evolutions represent a new era of mod-
ern implantology.

Bartling ef al. (1999) included in this study a sample of
94 patients of which eight presented NA (7). The statis-
tical results of the present meta-analysis have been ex-
tracted from 1636 patients who have received implants
between the mandibular canal and 3 mm. Therefore, we
consider that the same behavior of >Imm and >2mm
regarding the development of NA found in this meta-
analysis can apport a piece of updated relevant informa-
tion about the safety implant distance topic.

A study reported NA in those patients with implants
placed within the range of 0.5-1.5 mm from the man-
dibular canal.21 In contrast, another retrospective study
of 1957 patients, reported only one case of temporary
hypoesthesia when the implant was placed less than 2
mm from the IAN (11). The statistical findings of our
meta-analysis, involving 1636 patients with distances
between the apex of the implants and the mandibular
canal of 1, 2 and 3 mm contribute updated and relevant
insights to the safety implant distance dilemma.
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Although prevention of IAN damage is advocated in
this study, data reported in this systematic review yields
a large variety of complications related to implant sur-
gery, being permanent or temporary is considered one
of the most serious complications clinicians could face
(33,35). In a study, it was noted that after one month
of implant placement 23 patients out of 1065 presented
with sensitivity disturbance but all of them recovered
after 13 months (13). One study reported the most com-
mon symptom was numbness in 91% (12), while some
studies also reported frozen sensations, paresthesia,
and neuropathic pain (16-18,21,23). The findings of two
studies suggested that nerve injury is more common in
women than in the male population. One of them found
that women older than 60 years had trigeminal neuropa-
thy as a consequence of implant placement (17). Never-
theless, the other one found in their study that women are
3.29 times more likely to get IAN injuries than male (14).
Caution must be exercised in interpreting this study’s
results, given the heterogeneity and retrospective nature
of the included studies. Nonetheless, strict inclusion/
exclusion criteria were implemented to mitigate this
limitation. These criteria and a time frame restricting
articles to those published within the last decade result-
ed in studies evaluating mandibular canal-implant dis-
tance digitally using CBCT, except for only one study.
Another challenge arises from variations in criteria de-
fining nerve injury or reporting sensory disturbances
across studies, limiting its comparability. Despite these
limitations, meta-analyses were conducted only with a
reduced number of studies, allowing for meaningful in-
ferences.

The clinical implications of our findings suggest that
maintaining a | mm distance between the implant apex
and the mandibular canal may be sufficient to prevent
the development of NA. When implants are placed
within 1 mm of the canal, hypoesthesia occurs in ap-
proximately 58% of cases. However, when the implant
penetrates the canal, hypoesthesia develops in 42% of
cases; this injury may also result in hyperesthesia and
neuropathic pain in 46% of cases. This phenomenon
can be explained by the significant damage occurring
within the mandibular canal, including fractures of the
canal roof, internal hemorrhage, and bone debris de-
posits. These events are considered direct damage to
the nerve, producing direct mechanical stimulation of
nerve fibers, as opposed to indirect stimulation that may
occur when implants are placed further away from the
canal (36,37).

Conclusions

Clinicians should be aware of the potential risk of nerve
injury and adopt appropriate precautions, including me-
ticulous preoperative planning and three-dimensional
radiographic images since the incidence of nerve injury
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may be influenced by factors such as implant length,
diameter, and the distance from the implant to the man-
dibular canal. This study concludes that a distance of 1
mm from the mandibular canal might be safe. Due to
the limitations identified in this review, further research
including prospective randomized clinical trials should
be performed to confirm these findings.

Acknowledgement
Declared none.

Institutional Review Board Statement
Declared none.

Author Contributions

Study conception and design: JFPC, JM, SA

Data collection: JFPC, JM, SA, AL

Statistical Analysis and interpretation of results: JFPC, JM, SA
Draft manuscript preparation: JFPC, JM, SA, IP, AL, GG

Funding
None.

Conflict of interest
The authors declare no conflict of interest, financial or otherwise.

References

1. Elani HW, Starr JR, Da Silva JD, Gallucci GO. Trends in Dental
Implant Use in the U.S., 1999-2016, and Projections to 2026. J Dent
Res. 2018;97:1424-30.

2.Jacobs R, Quirynen M, Bornstein MM. Neurovascular disturbanc-
es after implant surgery. Periodontol 2000. 2014;66:188-202.

3. Juodzbalys G, Wang HL, Sabalys G. Injury of the Inferior Alveolar
Nerve during Implant Placement: a Literature Review. J Oral Maxil-
lofac Res. 2011;1:el.

4. Seddon HJ. A Classification of Nerve Injuries. Br Med J.
1942;29:237-9.

5. Froum SJ, Bergamini M, Reis N, Wang W, Leung M, Kaufman
Z, et al. A New Concept of Safety Distance to Place Implants in the
Area of the Inferior Alveolar Canal to Avoid Neurosensory Distur-
bance. Int J Periodontics Restorative Dent. 2021;41:¢139-46.

6. Lin CS, Wu SY, Huang HY, Lai YL. Systematic Review and Meta-
Analysis on Incidence of Altered Sensation of Mandibular Implant
Surgery. PLoS One. 2016;21:¢0154082.

7. Misch CE, Crawford EA. Predictable mandibular nerve location-
-a clinical zone of safety. Int J Oral Implantol. 1990;7:37-40.

8. Bartling R, Freeman K, Kraut RA. The incidence of altered sensa-
tion of the mental nerve after mandibular implant placement. J Oral
Maxillofac Surg. 1999;57:1408-12.

9. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses: The PRISMA
Statement. Phys Ther. 2009;89:873-80.

10. Stang A. Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies in meta-
analyses. Eur J Epidemiol. 2010;25:603-5.

11. Hartmann A, Welte-Jzyk C, Seiler M, Daublédnder M. Neuro-
physiological changes associated with implant placement. Clin Oral
Implants Res. 2017;28:576-81.

12. Kim HK, Kim ME. Quantitative and qualitative sensory testing
results are associated with numbness rather than neuropathic pain in
patients with post-implant trigeminal neuropathy: a cross-sectional
pilot study. Somatosens Mot Res. 2019;36:202-11.

13. Kiitik N, Gonen ZB, Yasar MT, Demirbas AE, Alkan A. Reli-
ability of panoramic radiography in determination of neurosensory
disturbances related to dental implant placement in posterior man-
dible. Implant Dent. 2014;23:648-52.



Med Oral Patol Oral Cir Bucal-AHEAD OF PRINT - ARTICLE IN PRESS

14. Paasky E, Suomalainen A, Ventd I. Are women more susceptible
than men to iatrogenic inferior alveolar nerve injury in dental im-
plant surgery? Int J Oral Maxillofac Surg. 2022;51:251-6.

15. Scarano A, Sinjari B, Murmura G, Lorusso F. Neurosensory Dis-
turbance of the Inferior Alveolar Nerve After 3025 Implant Place-
ments. Implant Dent. 2017;26:735-43.

16. Politis C, Agbaje J, Van Hevele J, Nicolielo L, De Laat A,
Lambrichts I, et al. Report of Neuropathic Pain After Dental Im-
plant Placement: A Case Series. Int J Oral Maxillofac Implants.
2017;32:439-44.

17. Vazquez-Delgado E, Viaplana-Gutiérrez M, Figueiredo R, Rent-
on T, Gay-Escoda C, Valmaseda-Castellon E. Prevalence of neuro-
pathic pain and sensory alterations after dental implant placement in
a university-based oral surgery department: A retrospective cohort
study. Gerodontology. 2018;35:117-22.

18. Klazen Y, Van der Cruyssen F, Vranckx M, Van Vlierberghe M,
Politis C, Renton T, ef al. latrogenic trigeminal post-traumatic neu-
ropathy: a retrospective two-year cohort study. Int J Oral Maxillofac
Surg. 2018;47:789-93.

19. Chaar MS, Naguib AA, Abd Alsamad AM, Ahmed DF, Abdel
Nabi N, Kern M. Vascular and neurosensory evaluation in relation to
lingual canal anatomy after mandibular midline implant installation
in edentulous patients. Clin Oral Investig. 2022;26:3311-23.

20. Froum SJ, Bergamini M, Reis N, Wang W, Leung M, Kaufman
Z. et al. A New Concept of Safety Distance to Place Implants in the
Area of the Inferior Alveolar Canal to Avoid Neurosensory Distur-
bance. Int J Periodontics Restorative Dent. 2021;41:¢139-46.

21. Karabit ZZ, Al Kattan FZ. Is there any relationship between the
inferior alveolar nerve injuries caused by implant surgery and the
qualification of the dentist? New Armen Med J. 2018;12:29-35.

22. Juodzbalys G, Wang HL, Sabalys G, Sidlauskas A, Galindo-
Moreno P. Inferior alveolar nerve injury associated with implant sur-
gery. Clin Oral Implants Res. 2013;24:183-90.

23. Givol N, Peleg O, Yarom N, Blinder D, Lazarovici TS. Inferior al-
veolar neurosensory deficiency associated with placement of dental
implants. J Periodontol. 2013;84:495-501.

24. Agbaje JO, Van de Casteele E, Hiel M, Verbaanderd C, Lambrich-
ts I, Politis C. Neuropathy of Trigeminal Nerve Branches After Oral
and Maxillofacial Treatment. J Maxillofac Oral Surg. 2016;15:321-7.
25. Bornstein MM, Scarfe WC, Vaughn VM, Jacobs R. Cone beam

el2

Nerve damage related to dental implant placement in the mandible

computed tomography in implant dentistry: a systematic review fo-
cusing on guidelines, indications, and radiation dose risks. Int J Oral
Macxillofac Implants. 2014;29:55-77.

26. Ludlow JB, Ivanovic M. Comparative dosimetry of dental CBCT
devices and 64-slice CT for oral and maxillofacial radiology. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2008;106:106-14.

27. Schulze R, Heil U, Gross D, Bruellmann DD, Dranischnikow E,
Schwanecke U, et al. Artefacts in CBCT: a review. Dentomaxillofac
Radiol. 2011;40:265-73.

28. Pauwels R, Araki K, Siewerdsen JH, Thongvigitmanee SS. Tech-
nical aspects of dental CBCT: state of the art. Dentomaxillofac Ra-
diol. 2015;44:20140224.

29. Walton JN. Altered sensation associated with implants in the an-
terior mandible: a prospective study. J Prosthet Dent. 2000;83(443-9.
30. Pinsky HM, Dyda S, Pinsky RW, Misch KA, Sarment DP. Ac-
curacy of three-dimensional measurements using cone-beam CT.
Dentomaxillofac Radiol. 2006;35:410-6.

31. Kiyak HA, Beach BH, Worthington P, Taylor T, Bolender C, Ev-
ans J. Psychological impact of osseointegrated dental implants. Int J
Oral Maxillofac Implants. 1990;5:61-9.

32. Al-Sabbagh M, Okeson JP, Bertoli E, Medynski DC, Khalaf
MW. Persistent pain and neurosensory disturbance after dental
implant surgery: prevention and treatment. Dent Clin North Am.
2015;59:143-56.

33. Steinberg MJ, Kelly PD. Implant-related nerve injuries. Dent Clin
North Am. 2015;59:357-73.

34. Pedrinaci I, Sun TC, Sanz-Alonso M, Sanz-Esporrin J, Hamilton
A, Gallucci GO. Implant survival in the anterior mandible: A retro-
spective cohort study. Clin Oral Implants Res. 2023;34:463-74.

35. Poort LJ, van Neck JW, van der Wal KG. Sensory testing of infe-
rior alveolar nerve injuries: a review of methods used in prospective
studies. J Oral Maxillofac Surg. 2009;67:292-300.

36. Yamauchi K, Takahashi T, Kaneuji T, Nogami S, Yamamoto N,
Miyamoto I, et al. Risk factors for neurosensory disturbance after
bilateral sagittal split osteotomy based on position of mandibular ca-
nal and morphology of mandibular angle. J Oral Maxillofac Surg.
2012;70:401-6.

37. Khawaja N, Renton T. Case studies on implant removal influ-
encing the resolution of inferior alveolar nerve injury. Br Dent J.
2009;11:365-70.



