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ABSTRACT

Purpose: Dental implants are widely used for the rehabilitation of edentulous sites. This study investigated the
occurrence of dental implant malpositioning as shown on post-implantation cone-beam computed tomography (CBCT)
and to identify related factors.

Materials and Methods: Samples with at least 1 malpositioned dental implant were collected from a central radiology
clinic in Tehran, Iran from January 2017 to January 2019. Variables such as demographic characteristics, length and
diameter of implants, type of implant, sites of implant insertion, different types of implant malpositioning problems
(cortical plate perforation, interference with anatomical structures), angulation of the implant, and the severity of
malpositioning were assessed. In addition, the incidence of implant fracture and over-drilling was evaluated. Data were
statistically analyzed using the chi-square test, 1-sample t-test, and Spearman correlation coefficients.

Results: In total, 252 patients referred for implant postoperative CBCT evaluations were assessed. The cases of
implant malpositioning included perforation of the buccal cortical plate (19.4%), perforation of the lingual cortical
plate (14.3%), implant proximity to an adjacent implant (19.0%), implant proximity to an adjacent tooth (3.2%),
interference with anatomical structures (maxillary sinus: 18.3%, mandibular canal: 11.1%, nasal cavity: 6.3%, mental
foramen: 5.6%, and incisive canal: 0.4%). Implant fracture and over-drilling were found in 1.6% and 0.8% of cases,
respectively. Severity was categorized as mild (9.5%), moderate (35.7%), severe (37.7%), and extreme (17.1%), and
52.4% of implants had inappropriate angulation.

Conclusion: CBCT imaging is recommended for detecting dental implant malpositioning. The most common and

severe type of malpositioning was buccal cortex perforation. (Imaging Sci Dent 2021; 51: 251-60)
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Introduction

Dental implants have become increasingly popular for
the rehabilitation of patients with edentulism. However,
the increasing need for dental implants is accompanied
by a growth in unwanted complications. Complications
are expected and may lead to a number of poor treatment
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results." McDermott et al. reported the overall frequency
of complications to be as high as nearly 14%; therefore, a
thorough clinical and radiographic pre-surgical evaluation
of patients’ bone quality and quantity is imperative for suc-
cessful implant treatment 4

Previous studies have indicated that better host bone
results in a higher success rate.*’ Esposito et al.® claimed
that the 3 most important factors resulting in implant fail-
ure are surgical trauma, bone quality, and bone quantity.
In another study, implant failure complications were found
to be mainly due to biomechanical overload, infection or
inflammation, and invasion of adjacent anatomical struc-

Copyright © 2021 by Korean Academy of Oral and Maxillofacial Radiology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Imaging Science in Dentistry - pISSN 2233-7822 eISSN 2233-7830

— 251 —


https://orcid.org/0000-0003-3200-0905
https://orcid.org/0000-0002-8053-3928
https://orcid.org/0000-0002-6591-5856
https://orcid.org/0000-0001-7028-748X
https://orcid.org/0000-0002-0778-5299

The occurrence of dental implant malpositioning and related factors: A cross-sectional cone-beam computed tomography survey

tures.” Recent studies have discussed a number of adverse
events after implant placement, ranging from functional
and esthetic problems to neurosensory disturbances and
life-threatening complications including hematoma for-
mation, upper airway obstruction, and profuse, pulsatile
bleeding.>®'® Therefore, a profound knowledge of surgical
anatomy and prerequisites are obligatory prior to dental
implant insertion.

In order to insert implant fixtures into an edentulous site,
cone-beam computed tomography (CBCT) is the modality
of choice, as it can accurately define the shape, morphology,
and quantity of bone.'""> This imaging modality presents
cross-sectional views that can precisely indicate ridge height
and width, the location of the mental and incisive fora-
mina, lingual concavity, and the degree of ridge angulation.
Shelley et al. reported fewer perforations of the lingual
cortical plate when CBCT was performed prior to implant
placement."" In addition, the application of a prosthetically
driven approach and use of a surgical guide may reduce
operator-related surgical complications.'> However, unexp-
ected complications may occur, even in the hands of skilled
surgeons.'

The aim of this survey was to assess the occurrence of dif-
ferent types of dental implant malpositioning on postopera-
tive CBCT imaging and to identify factors that cause or
may be associated with complications of implant insertion.

Materials and Methods

This study was approved by the research committee of
Shahid Beheshti University of Medical Sciences, Tehran,
Iran (IR.SBMU.RIDS .REC.1395.366).

This descriptive cross-sectional study was performed on
all postoperative CBCT examinations from patients refer-

Table 1. Categorization of the severity of implant malpositioning

red to an oral and maxillofacial radiology center in Tehran,
Iran from January 2017 to January 2019. Patients were
referred from various dental clinics in Tehran Province
and the suburbs of Tehran. The main reason for requesting
scans was patient discomfort or the initial detection of im-
plant malpositioning through a 2-dimensional radiographic
assessment by the surgical operator. In total, 252 CBCT
scans were included for evaluation. Demographic charac-
teristics, including age and sex, were recorded. According
to Moy et al.,” patients were categorized by age into the
following 4 groups: 1: under 40 years old, 2: 40 to 59 years
old, 3: 60 to 79 years old, and 4: more than 79 years old.
In addition, the specialty of the referring doctor was regis-
tered.

CBCT scans were taken with a Dentri device (HDX
WILL, Seoul, Korea), with maximum peak kilovoltage
of 100 kVp and variable fields of view suitable for each
jaw. Images were evaluated using the OnDemand version
No. 1.0.10 (CyberMed Inc, Seoul, Korea) 3-dimensional
application with a standardized position for each jaw and
sextant. On the selected cross-sectional images, contain-
ing implant, the following criteria were evaluated: implant
location, number, size (diameter and length) and shape
(tapered or cylindrical), angulation in degrees, and compli-
cations (including perforation of the cortical plates, inter-
action with an adjacent tooth or implant, interaction with
anatomical landmarks, implant fracture, and over-drilling)
(Fig. 1). The severity of implant malpositioning was cate-
gorized into 4 groups by a specialized periodontist (mild,
moderate, severe, and extreme), as presented in Table 1. All
assessments made based on the CBCT scans were made by
an oral and maxillofacial radiologist with 10 years of expe-
rience.

All data were entered into a database system and evaluated

Interaction with an

Interaction with an

Interaction with an

iabl ical pl forati . . . -
Variable Cortical plate perforation adjacent implant fixture adjacent tooth root anatomical landmark
Mild Contact More than 1 mm and Less than 1 mm distance Less than 1 mm distance
less than 3 mm distance
Moderate 1 mm extrusion of the Less than 1 mm distance Contact, Contact,
apical part of fixture without any distance without any distance
Severe Complete extrusion of Contact, Contact and Intrusion into adjacent
the apical part of fixture without any distance destruction of tooth root anatomical structure
Extreme Complete extrusion of - - Complete intrusion into

the implant fixture

adjacent anatomical
structure or facial space
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Fig. 1. Flowchart shows the assessment of various criteria for each dental implant.

using SPSS for Windows version 21 (IBM Corp., Armonk,
NY, USA). Patients’ data were analyzed anonymously. Every
case was assigned a registration number before evaluation
to allow explicit and anonymous attribution of the necessary
information. Data analysis was performed with descriptive
statistics, the chi-square test, the 1-sample t-test, and Spear-
man correlation coefficients. The level of significance was
set at P=0.05.

Results

In total, 252 implants with malpositioning were evaluated
from 113 patients, including 67 men (59.3%) and 46 wom-
en (40.7%). Each patient had at least 1 implant with malpo-

sitioning at the site of insertion. Patients’ age ranged from
23 to 77 years (mean: 57.57+10.95 years). The prevalence
of malpositioning was highest in the age range of 60 to 79
years. The relationship between age and severity of implant
malpositioning was not statistically significant (P>0.05).
The occurrence of implant malpositioning in various sites of
the jaws was as follows: posterior mandible: 28.8%, ante-
rior maxilla: 27.4%, posterior maxilla: 25.0%, and anterior
mandible: 19.0%; however, these differences were not sta-
tistically significant (P >0.05). Regarding the implant type,
50.4% of implant fixations were cylindrical and 49.6%
were tapered. There was a statistically significant relation-
ship between the implant type and implant malpositioning
(P<0.05), as malpositioning was more commonly detected
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Fig. 2. Selected cross-sectional reformatted cone-beam computed tomographic images of the existing implants in different patients illus-
trate perforation of the buccal cortical plate (upper row) and lingual cortical plate (lower row).

Fig. 3. Selected cross-sectional reformatted cone-beam computed tomographic images of the existing implants in different patients shows
perforation of the cortical boundaries of the nasal floor (A) and sinus floor (B). There is mucosal thickening in the adjacent maxillary sinus.

Table 2. Incidence of implant malpositioning according to length
categorization

Implant length Number (%)
9 mm or lower 47 (18.7%)
9-14 mm 179 (71.0%)
14 mm or higher 26 (10.3%)

Total 252 (100%)

with the cylindrical type. Over-drilling was only detected
in 2 cases of tapered implants. Implant height varied be-
tween 5 mm and 16 mm (mean: 10.97 £2.25 mm, Table 2).
Implant diameter ranged from 3 mm to 5 mm (mean: 3.89 +
0.59 mm). No statistically significant relationship was

found between implant height or width and the severity of
implant malpositioning (P >0.05).

The distribution of types of implant malpositioning was
as follows: interaction with anatomical structures: 41.7%,
perforation of the buccal or lingual cortical plate: 33.7%,
interaction with an adjacent implant: 19.0%, and inter-
action with an adjacent tooth root: 3.2%. Implant frac-
ture was detected in 1.6% of cases. Two cases (0.8%) had
over-drilling (Figs. 2-6). Buccal cortical plate perforations
were more often seen in the anterior and posterior maxilla,
while lingual cortical plate perforations were more often
observed in the anterior and posterior mandible. Implant fix-
ture interaction with another implant was more frequently
observed in the anterior mandible and anterior maxilla. Impl-
ant interactions with the adjacent tooth root were more fre-
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Fig. 4. Selected cross-sectional reformatted cone-beam computed tomographic images of the existing implants in different patients indi-
cates involvement of the inferior alveolar canal. White circles are the expected inferior alveolar canal outline.

Table 3. Incidence of implant malpositioning, fracture, and over-drilling at various sites of the jaw

Variable Ante}rior Postqrior Anter.ior Poste?ior Total
maxilla maxilla mandible mandible
Perforation of cortical plates Buccal 24 (49.0%) 14 (28.6%) 5(10.2%) 6(12.2%) 49 (19.4%)
Lingual 2(5.6%) 3(8.3%) 12 (13.3%) 19 (52.8%) 36 (14.3%)
Interaction with an adjacent implant 13 (27.1%) 9(18.8%) 25(52.1%) 1(2.1%) 48 (19.0%)
Interaction with an adjacent tooth root 2(25.0%) 3(37.5%) 1(12.5%) 2(25.0%) 8(3.2%)
Interaction with the maxillary sinus 9(19.6%) 37 (80.4%) NA NA 46 (18.3%)
Interaction with the inferior alveolar canal NA NA 0(0.0%) 28 (100%) 28 (11.1%)
Interaction with the nasal fossa 14 (87.5%) 2(12.5%) NA NA 16 (6.3%)
Interaction with the mental foramen NA NA 4(28.6%) 10 (71.4%) 14 (5.6%)
Interaction with the incisive canal 1(100%) NA NA NA 1(0.4%)
Implant fracture 2(50.0%) 0(0.0%) 1(25.0%) 1(25.0%) 4(1.6%)
Over-drilling 1(50.0%) 0(0.0%) 0(0.0%) 1(50.0%) 2(0.8%)
Total 68 (47.2%) 63 (25.0%) 48 (19.0%) 73 (28.8%) 252 (100%)

NA: not applicable

quently seen in the posterior maxilla. No implants invaded
the adjacent facial, pterygomandibular, or submandibular
spaces (Table 3). The severity classification of implant mal-
positioning was as follows: severe, 37.7%; moderate, 35.7%;
extreme, 17.1%; and mild, 9.5%. Table 4 shows the distri-
bution of severity for each type of malpositioning.
Regarding the implant angulation, 51.6% (n=130) of
implants had proper angulation and 46.8% (n=118) had
improper angulation. Four implants were completely dis-
placed in the maxillary sinus; therefore, the angulation could

not be assessed in those cases. There was a statistically sig-
nificant relationship between implant malpositioning and
implant angulation, as more complications occurred in cases
of improper angulation (P <0.05). No statistically signifi-
cant relationship was found between the implant site and
angulation problems (P >0.05). Most of the post-implanta-
tion CBCT assessments were referred from general dentists
(51.0%), followed in descending order by periodontists
(28.0%), oral and maxillofacial surgeons (11.0%), prostho-
dontists (7.0%), and other clinicians (3.0%) (Fig. 7).

— 255 —



The occurrence of dental implant malpositioning and related factors: A cross-sectional cone-beam computed tomography survey

Coronal

Panorama

Fig. 5. Various types of dental implant complications. A. Reformatted coronal cone-beam computed tomographic (CBCT) image shows
displacement of a fixture into the right maxillary sinus. B. Low-thickness pseudo-panoramic image revealing over-drilling of the inferior
alveolar canal in a patient with history of implant surgery 6 months ago and complaint of numbness of the lower left lip. The drilling hole
is marked by arrows. C. Reconstructed cross-sectional CBCT image showing implant fracture (arrow).

Fig. 6. Cone-beam computed tomographic images show an implant crossing over the root of right mandibular second premolar (A), and

contact of 2 implant fixtures in the maxilla (B).

Discussion

The aim of this study was to assess the occurrence of
various types of dental implant malpositioning and factors
influencing malpositioning on post-implantation CBCT
scans. The causes and mechanisms of implant failure de-
pend on implant location, diameter, and length; bone qual-
ity and quantity; attention to the anatomical structures at
each site; and the operator’s technique and skills."* Under-
standing the potential risk factors for early and late implant
failure may help to decrease their frequency.”

In this study, no statistically significant relationship was
detected between age and severity of malpositioning, which
aligns with previous studies reporting no relationship bet-
ween age and early implant failure.”"” However, most cases
of implant malpositioning were detected in patients aged
60 to 79 years. Due to the high prevalence of edentulism
in this age category and the relatively high demand for
implant placement, more frequent malpositioning may also
be expected. Moy et al."” also reported more implant fail-
ure in patients 60 years of age and above. This issue could
be due to a reduction in bone quality and quantity, resulting
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Table 4. Incidence of implant malpositioning, fracture, and over-drilling according to severity

Variable Mild Moderate Severe Extreme Total

Buccal cortex perforation 5(10.2%) 2(4.1%) 18 (36.7%) 24 (49.0%) 49 (100%)
Lingual cortex perforation 2(5.6%) 8(22.2%) 17 (47.2%) 9(25.0%) 36(100%)
Interaction with an adjacent implant 1(2.1%) 39 (81.3%) 8(16.7%) 0(0.0%) 48(100%)
Interaction with an adjacent tooth root 1(12.5%) 2(25.0%) 4(50.0%) 1(12.5%) 8(100%)
Interaction with the maxillary sinus 2(4.3%) 18 (39.1%) 22 (47.8%) 4(8.7%) 46 (100%)
Interaction with the inferior alveolar canal 6(21.4%) 9(32.1%) 10 (35.7%) 3(10.7%) 28 (100%)
Interaction with the nasal fossa 1(6.3%) 6(37.5%) 9(56.3%) 0(0.0%) 16 (100%)
Interaction with the mental foramen 4(28.6%) 6(42.9%) 3(1.4%) 1(7.1%) 14 (100%)
Interaction with the incisive canal 0(0.0%) 0(0.0%) 1(100%) 0(0.0%) 1(100%)
Implant fracture 0(0.0%) 0(0.0%) 3(75.0%) 1(25.0%) 4(100%)
Over-drilling 2 (100%) 0(0.0%) 0(0.0%) 0(0.0%) 2 (100%)

Total 24.(9.5%) 90 (35.7%) 95 (37.7%) 43 (17.1%) 252 (100%)

Implant feollowship

Radiologist 1% 0.5%

Patient recommend
1% \

w /Operative dentst
y 0.5%

Oral and
maxillofacial
surgeon
& 11%

General dentist
51%

Fig. 7. Pie chart illustrating the prevalence of different specialties
referring patients for post-implantation cone-beam computed to-
mographic assessment due to complications.

in a lack of sufficient bony support for implant fixture and
osseointegration. In addition, Sverzut et al.'® reported that
the risk of implant failure increased by a factor of 1.07 for
each additional year of patients’ age and that more implant
failures were detected men than in women.’ However, no
significant relationship between sex and implant malposi-
tioning was seen in the present study.

In this study, the majority of implants (71.0%) were 9 to
14 mm long. No statistically significant relationship was
seen between implant length and the severity of malposi-

tioning. It can therefore be assumed that with any implant
length, a good success rate can be achieved when the im-
plant is properly inserted. A prior study reported no signifi-
cant difference in early implant failure according to wheth-
er the length was less than or more than 10 mm;15 however,
another study showed higher rates of early failure in longer
implants.14 Noguerol et al."” also reported a higher risk of
implant failure in implants less than 15 mm in length and
over 4 mm in diameter.

In this study, it is thought that the shape of the implant had
a significant relationship with treatment success. It is pro-
posed that tapered implants are better for use in proximity
to the sinus, nasal fossa, an adjacent tooth, or an adjacent
implant fixture, whereas cylindrical implants are recom-
mended in proximity to the inferior alveolar nerve canal
and mental foramen. O’Sullivan et al.”® indicated better
early implant stability with conical shapes. Mohajerani et
al. detected more implant failures in tapered implants (7.8%)
than in cylindrical implants (5.9%), although this difference
was not statistically significant (P>005)."

In this study, more cases of implant malpositioning were
detected in the maxilla than in the mandible, which is con-
sistent with previous studies.’*' ™ In addition, more cases
of malpositioning were detected in the posterior segment
of jaw than at anterior sites. Van Steenberghe et al. found
that half of early implant failures occurred in the maxilla."”
They reported that the implant success rate was 91.4% in
the posterior maxilla, compared to 97.0% in the anterior
maxilla. The success rates were 96.3% and 97.9% in the
posterior and anterior mandible, respectively. Alsaadi et al.
found significantly more implant failures in the posterior
region of both jaws than in the anterior segment of the
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mandible.'® Misch et al.' reported more lingual plate per-
foration in the posterior mandible due to the presence of
lingual undercut. However, Safi et al. found that although
the anterior mandible was considered safe for the insertion
of dental implants, lingual undercut in the anterior mandi-
ble was estimated to be as much as 10.0%, implying that
this factor needs to be assessed to prevent lingual plate per-
foration and subsequent bleeding.24 Other studies reported
severe bleeding and hemorrhage following lingual perfora-
tion of the implant in the posterior mandible.”* Studies
have also reported that implant placement in the posterior
maxilla is complex due to the proximity of the sinus floor
to the alveolar crest.”®*” In the present study, a total of
37.3% of the implants perforated the adjacent buccal or lin-
gual cortices. Buccal plate perforation was more frequently
seen in the maxilla, while lingual plate perforation was
more frequent in the mandible. Abas et al."’ reported that
implant positioning buccally of the alveolar process may
result in a painless hard swelling and blue discoloration
of the mucosa, which is an important issue, especially in
esthetic zones. It has been suggested that the standard dis-
tances from an implant fixture to an adjacent tooth, adjacent
implant fixture, and adjacent vital anatomical structure
should be at least 1.5 mm, 3 mm, and 2 mm re:spectively.12
Implant angulation is another important determinant of
implant success that should be determined according to the
future prosthesis with consideration of the bucco-lingual,
apico-coronal, and mesio-distal positions.1 Improper angul-
ation was found in 46.8% of inserted implants. Implant fix-
ture length or improper angulation may lead to invasion of
the adjacent boundaries, cortex perforation, devitalization
of adjacent teeth, and consequently implant failure. Surgi-
cal guides and proper treatment planning can alleviate an-
gulation problems.'

In the present study, the prevalence of implant interac-
tions with the inferior alveolar canal and mental foramen
was 11.1% and 5.6% respectively. Trauma to the terminal
branches of the mandibular nerve may occur during oral
surgical insertion of the implant fixture, resulting in vary-
ing degrees of sensory alteration.”® One study found that
the incidence of altered nerve sensation following implant
placement in the atrophic posterior mandible was as high as
13.0%,” which may be due to application of a long implant,
improper angulation, and variations in anatomical struc-
tures.”® Inferior displacement of implants in the posterior
mandible may also be due to the presence of low-density
bone, which may lead to inferior alveolar nerve injury and
paresthesia.31

Implant displacement into the maxillary sinus often results

from the presence of an atrophic posterior maxilla, subse-
quent pneumatization of the maxillary sinus into the alveo-
lar ridge, and poor bone quality.**** The prevalence of
implant interactions with the maxillary sinus was found to
be 18.3%, with 8.7% of implants completely displaced into
the sinus. Previous studies emphasized the need for maxil-
lary sinus lifting before implant insertion in order to aug-
ment the atrophic posterior maxilla.”’~* In case of complete
displacement of the implant into the maxillary sinus, an
endoscopic method of removal may be suggested.*>°

Implant fracture was considered as a mechanical com-
plication in this study and had a prevalence of 1.6%. This
may be due to metal fatigue and adverse occlusal loading.
Parein et al.”’ also considered implant fracture to be an
important factor in implant failure and suggested using
more implant fixtures or implants with a larger diameter to
address this issue. In order to better assess the severity of
each variable, a classification was proposed consisting of
mild, moderate, severe, and extreme groups. Other studies
have used other categories to assess implant positioning
problems.”” In this study, most cases of implant malposi-
tioning were categorized as severe (37.7%). Buccal cortex
perforation was the most common complication, with 49%
of cases counted as extreme.

In this study, the incidence of implant malpositioning var-
ied according to the referring specialty, and malpositioning
was more common among patients referred from general
dentists (51.0%) and periodontics (28.0%). Due to the
cross-sectional nature of this study and lack of a thorough
risk factor assessment, a conclusive explanation for this
finding cannot be proposed, but some possibilities include
a higher rate of implant insertion by these categories of cli-
nicians or a higher accuracy of periodontists in detecting
malpositioning and making a referral for CBCT evaluation.
Two cases showed signs of over-drilling on post-surgical
CBCT scans, which resulted in neurosensory disturbances
in 1 patient with a posterior implant. Previous studies also
have reported higher implant failures (by a factor of 2) in
procedures performed by inexperienced dentists. Although
an experienced surgeon can reduce the likelihood of mal-
positioning, unexpected implant problems can occur.”!
To prevent these problems, surgeons and dentists should
thoroughly assess the jaw clinically and radiographically.**
CBCT is the modality of choice for the pre-surgical phase
of dental implants, as it allows a clear visualization of vari-
ations in ridge quality and quamtity.38’39

Due to the nature of this cross-sectional analysis, infor-
mation on preoperative radiographic assessments and ima-
ging could not be obtained. In addition, not all cases of
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implant malpositioning could be evaluated on CBCT scans.
Further studies can explore further potential associations of

implant failure and complications with systemic diseases

and medication use.

Dental implant-associated problems may not be apparent

immediately, and CBCT imaging is the modality of choice

for postoperative evaluations of dental implant malposi-
tioning.” In this study, the most common type of malposi-

tioning was buccal plate perforation, and it was more com-
monly seen in the anterior maxilla than at other sites.
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