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ABSTRACT ARTICLE DETAILS
Dental implantology is performed within an anatomically compact region in which osseous, Published On:
vascular, lymphatic, sinus, and neural structures lie in close proximity. The objective of this 26 August 2026
narrative review is to reorganize the anatomical content of the source manuscript into a journal-

style article focused on topographic and neurovascular risk assessment. The review examines

maxillary and mandibular anatomical zones that determine surgical safety, including the maxillary

sinus, Schneiderian membrane, nasopalatine canal, thin buccal cortical plate, infraorbital region,

inferior alveolar canal, mental foramen, lingual cortical plate, and floor-of-mouth vascular spaces.

Particular attention is given to how anatomical variation contributes to sinus perforation, implant

malposition, intraosseous bleeding, hematoma, thermal osteonecrosis, and trigeminal-branch

injury. The article emphasizes CBCT-based planning, preservation of safety margins, atraumatic

osteotomy, copious irrigation, and systematic postoperative neurosensory monitoring. A precise

anatomical framework remains essential for reducing preventable complications and improving

functional outcomes after dental implant placement.

KEYWORDS: Dental implants, Maxillary sinus, Inferior alveolar nerve, Computed tomography, Available on:
Surgical planning, Complications https://ijmscrs.com
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Figure 1. Topographic risk zones relevant to implant planning.

1. INTRODUCTION

The clinical success of dental implant placement depends not
only on implant design and operative technique but also on
the surgeon’s ability to interpret the maxillofacial anatomical
complex as a functional system. The head and neck region
contains the eye, nose, oral cavity, maxilla, mandible, hard
and soft palate, salivary glands, cervical vessels, cranial
nerves, and lymphatic pathways within a limited anatomical

field. Therefore, small deviations in implant depth,
angulation, or osteotomy trajectory may affect neurovascular
safety, sinus integrity, bone vitality, and postoperative
function.

This article presents an anatomical review designed
for journals focused on oral surgery, implantology, and
clinical anatomy. Its central thesis is that complications after
implant placement are often predictable when the maxilla and
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mandible are analyzed through topographic risk zones rather
than only through available bone height and width.
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Figure 2. Blood Vessels of the Head and Neck - Atlas of Anatomy. Head and Neuroanatomy. Michael Schuenke. (2015)

1. METHODOLOGICAL APPROACH

This manuscript is structured as a narrative anatomical review
derived from the author-provided Georgian source text and
supported by current literature on CBCT-based implant
planning, odontogenic infection complications, inferior
alveolar nerve injury, and peri-implant disease. The focus is
not on presenting new clinical cases or statistical data, but on
synthesizing anatomical mechanisms into a practical
surgical-planning framework.

111. MAXILLARY ANATOMY AND IMPLANT-
RELATED RISK

A. Sinus Floor and Schneiderian Membrane

The posterior maxilla is one of the most clinically sensitive
regions for implant placement because the maxillary sinus
floor may lie close to the alveolar ridge, especially after tooth
loss and alveolar resorption. Sinus membrane perforation
may occur during osteotomy preparation, implant insertion,
or sinus-lift procedures. The consequences include
postoperative  sinusitis, oroantral communication,
inflammatory thickening of the sinus mucosa, or implant
migration into the sinus cavity.

Prevention requires three-dimensional evaluation of residual
bone height, sinus septa, membrane thickness, and the spatial
relationship between the planned implant and the sinus floor.
Implant length, diameter, and angulation should be selected
in relation to the sinus boundary and prosthetic axis, not
merely by available ridge height.

B. Nasopalatine and Incisive Canal Region

In the anterior maxilla, the nasopalatine canal and incisive
canal may be injured when implants are placed near the
central incisors. Trauma to this region may produce pain,
altered sensation, bleeding, local inflammation, or implant
instability if the canal is used as an unintended osteotomy
pathway. Radiographic identification of canal size,
morphology, and distance from the proposed implant site is
therefore essential.

C. Buccal Cortical Plate and Esthetic-Zone Vulnerability
The maxillary buccal cortical plate is frequently thin,
particularly in the anterior maxilla. A deficient buccal wall
increases the risk of fenestration, dehiscence, soft-tissue
recession, implant exposure, and esthetic failure. The
selection of smaller-diameter implants, palatal positioning
when prosthetically acceptable, staged augmentation, and
careful flap management may reduce these risks.

D. Infraorbital and Pterygopalatine Region

The infraorbital nerve, posterior superior alveolar vessels,
and pterygopalatine vascular branches form a complex
regional network around the posterior and superior maxilla.
Although infraorbital nerve injury during routine dental
implant placement is uncommon, procedures near premolar
regions, sinus-lift windows, or the pterygopalatine fossa
require caution because local vascular and neural structures
may contribute to bleeding, sensory disturbance, or infection
spread.
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IV. MANDIBULAR ANATOMY AND IMPLANT-
RELATED RISK

A. Inferior Alveolar Canal

The inferior alveolar canal is the principal anatomical
limitation in posterior mandibular implant placement. Injury
may occur through direct drill penetration, implant
compression, heat generation, postoperative edema,
hematoma, or secondary infection. Clinical outcomes may
include paresthesia, anesthesia, dysesthesia, or chronic
neuropathic pain affecting the lower lip, chin, gingiva, or
mandibular teeth. A minimum safety distance should be
preserved between the implant apex and the canal, with
CBCT used to evaluate canal position, cortical boundaries,
and anatomical variation.

Figure 3. Mandibular canal and inferior alveolar neurovascular pathway Netter, Frank H. **Mandibular Nerve." Netter
Images, 2026, www.netterimages.com/mandibular-nerve-labeled-cleland-1e-general-anatomy-frank-h-netter-10792.html.

B. Mental Foramen and Anterior Loop

[10 pt Regular, Fully Justified, Indented First Line]

The mental foramen is usually located near the premolar
region, but its position and anterior loop vary between
patients. Implants placed in the second premolar region may
traumatize the mental nerve if the foramen is not clearly
identified. Injury may lead to pain, sensory reduction,
hematoma, or persistent altered sensation in the lower lip and
chin. Cross-sectional imaging is particularly important when
the planned implant is close to the premolar zone.

C. Lingual Cortical Plate and Floor-of-Mouth Vessels
Perforation of the lingual cortical plate can injure sublingual
or submental vessels and may cause rapidly expanding
hematoma in the floor of the mouth. This complication is
clinically significant because swelling in the sublingual and
submental spaces may elevate the tongue and compromise the
airway. The risk is higher when the mandibular ridge has a
lingual concavity or when osteotomy angulation is directed
lingually.

D. Dense Cortical Bone and Thermal Osteonecrosis
Mandibular cortical bone is denser than maxillary bone and
may generate more heat during drilling. Excessive thermal
trauma can cause osteonecrosis, delayed osseointegration,
pain, or implant failure. Prevention depends on sharp drills,
staged drilling, controlled speed, intermittent pressure, and
copious external or internal irrigation.
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Figure 4. Mandibular neurovascular anatomy in relation to implant placement. Hansen, John T. ""Head and Neck." Card
1.7 in Netter’s Anatomy Flash Cards. 3rd ed. Philadelphia: Saunders Elsevier, 2010.

V. ARTERIAL ARCHITECTURE AND SURGICAL
HEMORRHAGE

The external carotid artery supplies the maxillofacial region
through branches including the facial, lingual, and maxillary
arteries. The maxillary artery is particularly important
because its mandibular, pterygoid, and pterygopalatine
segments supply deep structures involved in implant surgery.
The inferior alveolar artery accompanies the inferior alveolar
nerve through the mandibular canal; the posterior superior
alveolar arteries supply the posterior maxilla and sinus wall;
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and the descending palatine and sphenopalatine branches
contribute to palatal and nasal vascular networks.

Aortic arch and carotid branching patterns explain the major
inflow to the head and neck. The ophthalmic circulation also
communicates with terminal branches of the facial artery
through the angular and dorsal nasal arteries. These
anastomoses are relevant not because implant surgery
routinely enters them, but because they illustrate the dense
vascular continuity that characterizes the midface.
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Figure 5. Aortic arch and carotid-subclavian branching pattern.
Neck - Atlas of Anatomy. (2026). Doctorlib.Org. https://doctorlib.org/medical/anatomy/39.html

1726 Volume 06 Issue 08 August 2026

Corresponding Author: K. Mardaleishvili



Topographic and Neurovascular Determinants of Dental Implant Complications: An Anatomical Review for Surgical

Planning

Anotia menioges média esquedcd
Artdng comediead poste oo

Arteria onrobwelar supernoe

Arrdria hasile
Arteria do laberinto eaguertta

(e d mado RCUVICO Intewting

Adtéria masiduies
4 And e oocpnal
esaqunech

Astiiona s ebelat
et antonies

At merringed
posherey da artsela
Larigea sw mndunte
ewpmerda
Artewia covrtinlas
ANEEA MO goaston

Adtdrias vorebsan

mcporrda ¢ direrta
parte wsacianianal

R meningeo

sy e da
Wi

vorwbral

Ramu meningso
andesior da andia vermebead

Artinig susicular postovios
Artéria woc pital
Artiia vaniosds interra

SO0 Cardtion

Glomo

(CONpOs L arden

Arseng
ventuheal [pane
Iramwversaria (cervicaly)
L [ S )
de OV
At cenacal
protunda

Advintu
(ooerrosal sugwomnas

Toomc o « oatus envaial —

Artiria subx l.lvm-'-"'/'-ﬂ-"

Arsérin comntical maidia

Artiria venwbieal anter e
AN LM A et o
Arsincla vt 4

Astoraa
L A
pastonar

$010 L aveenose

Anéra
maxitar

R Anrla
Iwinporal
superbonl

e Ariihvia
cardinia
extema

T A
taca!

Asteria Lingusl

Artinia fatinged 2w sdesn

s

T R T T e

Arvn i laringos supo oo

Adrdria ¢ amiiteds commean
Anéela tiredidos infroes

Ticws o hiroox mveiul

el

Trunc o braguicsslalun
AV

© ELSEVIER. INC. - NETTERIMAGES.COM

Figure 6. External carotid arterial branches relevant to maxillofacial surgery Arteries to Brain and Meninges. (2026).
Netterimages.Com

VI. NEURAL ANATOMY AND POSTOPERATIVE
NEUROSENSORY ASSESSMENT

The trigeminal nerve provides the main sensory innervation
of the maxillofacial region. The maxillary division
contributes infraorbital and superior alveolar branches, while
the mandibular division gives rise to the inferior alveolar,
mental, lingual, buccal, and auriculotemporal nerves.
Implant-related neural complications may be caused by

mechanical trauma, compression from hematoma,
inflammatory edema, chemical irritation, or thermal injury.
Postoperative sensory changes should be documented early
using a structured neurosensory examination. Symptoms
such as numbness, burning, electric-shock pain, altered lip
sensation, or tongue sensory changes should prompt
radiographic review of implant position and assessment for
compression, canal violation, or infection.

TABLE I. CLINICAL RISK MATRIX FOR SURGICAL PLANNING

Anatomical Zone Principal Complication

Preventive Measure

Sinus membrane
sinusitis, implant migration

Posterior maxilla

perforation,

Nasopalatine canal
sensory alteration

Anterior maxilla injury,

CBCT analysis of sinus floor,
membrane, septa, and residual bone
height

pain, Identification of canal morphology and
palatal implant positioning when
indicated
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Premolar mandible Mental nerve trauma,
paresthesia

lower-lip

CBCT localization of mental foramen
and anterior loop

Posterior mandible

Inferior alveolar nerve injury

Maintenance of neurovascular safety
margin and controlled osteotomy depth

Lingual mandible Sublingual/submental

airway risk

hematoma,

Assessment of lingual concavity and
avoidance of lingual perforation

Dense mandibular Thermal osteonecrosis

cortex

Sharp drills, controlled speed, minimal
pressure, and continuous irrigation

VII. DISCUSSION

A risk-zone approach shifts implant planning from a purely
prosthetic ~ or  bone-volume analysis toward a
multidimensional surgical safety model. The maxilla is
dominated by sinus, thin-cortex, esthetic, and vascular-
anastomotic risks. The mandible is dominated by
neurovascular, lingual-perforation, and thermal-injury risks.
This distinction explains why a technically similar osteotomy
can have different consequences in the two jaws. Recent
clinical data highlight the significant prevalence of implant
positioning errors and their association with these specific
anatomical complications [6].

CBCT is central to this framework because it permits
visualization of three-dimensional anatomy that cannot be
reliably inferred from panoramic imaging alone. However,
imaging is only protective when it is translated into operative
decisions: implant length and diameter selection, guided or
freehand trajectory, safety margins, flap design, irrigation
protocol, and postoperative monitoring.

VIII. CONCLUSION

Maxillofacial anatomy is not a passive background for
implant placement; it actively determines the pathogenesis of
surgical, vascular, infectious, and neurogenic complications.
A journal-ready anatomical review should therefore
emphasize the maxilla and mandible as distinct risk
environments. The most important preventive principles are
CBCT-based planning, preservation of neurovascular and

sinus safety margins, careful control of osteotomy
temperature, and early recognition of sensory or vascular
warning signs.
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