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EVALUATION OF DENTAL IMPLANT ANGULATION ON MARGINAL 
BONE LOSS IN POSTERIOR MAXILLARY AREA
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ABSTRACT

Objective: To assess the marginal bone loss in the angled implant in the posterior maxillary region. Subjects and methods:  A total 
of 14 implants, 7 angled implants and 7 straight implants in posterior maxilla with surgical guide were placed. Seven patients ranged 
in age between 40.0 – 43.0 years with a mean age of 41.71 ± 1.25 years for angulated implant group; and seven patients ranged in 
age between 44.0 – 45.0 years with a mean age 44.43 ± 0.53 years for straight implant group. Flap less approach through surgical 
guide with angulation 25-30 for angled implant and straight implant without angulation.  Results: Angulated implant showed a higher 
significant buccal marginal bone loss than straight implant at prosthetic and 6 months after loading. Angulated implant showed a 
higher significant palatal marginal bone loss than straight implant at prosthetic and 6 months after loading. Conclusion: The angled 
implant showed a higher significant marginal bone loss than the straight implant on the prosthesis and 6 months after loading. However, 
angulated implants can be a satisfactory alternative to vertical implants to avoid transplant procedures. 
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INTRODUCTION 

The definition of osseointegration is that 
osteoblasts and mineralized matrix touch the implant 
surface even when loaded. On the other hand, the 
failure of osseointegration of a previously stable 
anchored implant is the failure of the mineralized 
extracellular matrix that adheres directly to the 
artificial surface, since a mechanically competent 
implant / bone bond depends on an intact mineralized 
interface structure. Branemark et al. defined true 
osseointegration as direct bone-to-implant contact, 
which was later more functionally defined as direct 

bone-to-implant contact under load(1). Implant failure 
is defined as a dental implant that does not meet 
this criterion. Early failure refers to an implant that 
cannot be osseointegrated prior to stage two surgery 
or exposure of the implant. Late failure refers to the 
loss of osseointegration or mechanical failure of an 
implant after a second stage surgery. Most research 
on the success of dental implants focuses on the 
first few years after placement (2). In contrast to 
natural teeth, osseointegrated implants do not have 
a periodontal band to compensate for inaccuracies, 
but only show minimal mobility, which is caused by 
the elasticity of the bone tissue(3,4).
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Angled implant placement to optimize available 
bone has recently been seen as an advantage. The 
mesiodistal inclination of the implants enabled 
the avoidance or bypassing of vital anatomical 
structures such as maxillary sinuses, neurovascular 
(e.g., mental) foramina and tooth roots, and the use 
of longer height implants. Angled abutments can be 
used for cemented single and multiple restorations 
if the long axis of the implant is about 15 to 30 ° out 
of parallel to the clinical long axis of the adjacent 
teeth. There should be enough soft tissue thickness 
to define margins of at least 0.5 mm subgingivally 
for esthetics (5, 6).

The advantages of an angled abutment include 
stability even with minimal bone volume: Longer 
implants can be used with the smallest bone volume, 
with the advantage that the contact between bone 
and implant is increased and the need for vertical 
bone augmentation is reduced. Great clinical 
results. Eliminates the need for a bone graft, which 
is aggressive and has unpredictable consequences 
could be done in patients with various systemic 
conditions that are contraindications to bone 
grafting. Angled implants allow placement that 
bypasses anatomical structures. It has the advantage 
that tilted distal implants are used instead of distal 
cantilever units; and reduces the length of the 
cantilevers without performing bone grafting or 
sinus lifting(5, 6).

One of the indications for tilted implants is that 
sufficient alveolar ridge volume is found in the 
anterior area, while severe bone resorption as a 
result of tooth loss can occur in the premolar and 
molar areas(4). The presence of the maxillary sinus 
and a limited ridge size must also be considered 
when placing implants in this region(5,6). Another 
alternative therapy option in the case of limited 
bone availability is the use of implants of reduced 
length. In the rear upper jaw, however, there should 
be a minimum ridge height of 6 to 7 mm in order 
to be able to safely place implants with a length 
of less than 8 mm. On the other hand, the use of 

short implants may be contraindicated due to the 
risk of nerve injury in the case of an extremely 
atrophic posterior mandible, where the alveolar 
nerve is often superficial (7, 8). Dental implants 
must meet certain criteria that result from special 
functional requirements. These criteria include 
biocompatibility, sufficient mechanical strength, 
optimal integration of soft and hard tissue and the 
transfer of functional forces to the bone within 
physiological limits (9,10).

SUBJECTS AND METHODS

Sample size:

A total sample size of 7 will be sufficient to detect 
an effect size of 1.33  an actual power (1β error) of 
0.8 using a two sided hypothesis , Significance level 
(α error) 0.05 for data.

Patient selection:

Patients were selected from Department of 
Oral and Maxillofacial Surgery; Faculty of Dental 
Medicine; boys, Cairo Al-azhar university, seeking 
the treatment of immobilization. Ethical committee 
acceptance number was 154/153. The patients were 
selected with seven patients ranged in age between 
40.0 – 43.0 years with a mean age of 41.71 ± 1.25 
years for Angulated implant group and seven patients 
ranged in age between 44.0 – 45.0 years with a 
mean age 44.43 ± 0.53 years for Straight implant 
group. Angulated implant group had 2 males and 5 
females, while Straight implant group had 3 males 
and 4 females. Only patients with missed teeth/
tooth in posterior maxilla were included. Patients 
had a total of 2 follow up postoperative  and one for 
abutment loading. 

1: Study group:

Angulated implants placement:

The Patient recieved two implants (Dentium, 
South Korea) , Implant 17 received size (4*10) 
with angle 15 , Implant 27 received size (4*8) with 
angle 22 (figure1a|). Implant insertion steps were 
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similar for all patients following the manufacturer 
instructions. The difference between the two groups 
was the surgical stents which determined the 
direction of implant insertion (straight or inclined).
Ring infiltration and palatal anaesthesia was given 
in the surgical region using Scandonest 2% solution 
(mepicaine hydrochloride 36mg adrenaline 18mg).

Using punch drill through 3D printed surgical 
guide which was constructed from a previous 
treatment plan using digital software. A hole was 
made at the implant site to start the procedure for 
faster healing of the soft tissues and not being time 
consuming. The fixture was screwed in place using 
surgical wrench and a cover screw is added (figure 
1c & d). 

2: Control group:

Straight implant placement:

The procedure was carried out same as the 
previous study group, the only exception was 
the angle by which the implant was placed and 
the different surgical guides. The patients were 
instructed bite on a pack of gauze for one hour , not 
to drink hot beverage and eat soft food for that day.

Postoperative Evaluation:

Radiographic and clinical assessment:

1: Cone beam CT (Promaxclassic,planmeca,Fi
nland) up to 6 months postoperatively were 
considered.

2: A software (3diagnosys, 3 diemme, Italy) was 
employed to quantify, before implant insertion 
(T1) crestal point for each site in which the 
enrolled dental implant was positioned, and 
to identify, from 3 to 6 month after implant 
placement (T2) the dental implant apex then 
was used as the axis origin (figure1a).

3: On crosssectional images, marginal bone levels 
(MBLs) for the buccal and   palatal regions 
were measured parallel to the long axis of the 
studied   implant, and at a distance of 0.5 mm 

buccally, and then palatally, whereas (MBLs) 
were calculated employing the same method for 
the mesial and  distal regions using cone beam 
imaging.

4: Before any numerical computation, axial images 
of the original CT scans (T1and T2) were 
reoriented parallel to palatine vault for maxilla, 
this was used as the reference plane for the 
upper jaw.

5: As suggested by Tong et al (11), to indicate tooth 
location in three dimensional space, labiolingual 
inclination and mesiodistal angulation of a 
dental implant were described.

6: After dental implant insertion, peri-implant bone 
levels at the marginal site  for all of the four 
aspects were intra operatively measured; the 
distance between bone and the most marginal 
portion of the implant neck (distance named 
implant shoulder (IS)) were acquired by a 
single examiner using a surgical caliper, a 
positive number of (IS)  indicated that the 
position of neck will be marginal to the bone 
(supracrestal), while a measured negative value 
of IS (subcrestal)  indicated the contrary.

7: The measurements of residual bone width of 
buccal and palatal plate at the level of implant 
base were also recorded.

Statistical analysis

Data were fed to the computer and analyzed 
using IBM SPSS software package version 
20.0. (Armonk, NY: IBM Corp) Qualitative data 
were described using number and percent.The 
Kolmogorov-Smirnov test was used to verify the 
normality of distribution Quantitative data were 
described using range (minimum and maximum), 
mean, standard deviation and median. Significance 
of the obtained results was judged at the 5% level. 
The used tests were Chi-square test, Fisher’s Exact 
correction, Student t-test, ANOVA with repeated 
measures.
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RESULTS

In the present study, Angulated implant showed a higher significant marginal bone loss than Straight 

implant at prosthetic and 6 months after loading as see in table 1.

TABLE (1): Comparison between the two studied groups according to buccal and Palatal marginal bone level

Angulated implant 
(n = 7)

Straight implant 
(n = 7)

t p

Buccal of marginal bone level
Immediate 1.23 ± 0.21 1.26 ± 0.05 0.343 0.742
Prosthetic 2.04 ± 0.20 1.47 ± 0.05 7.385* <0.001*

6 months after loading 2.31 ± 0.11 1.56 ± 0.05 16.760* <0.001*

Increase from immediate to 
Prosthetic 0.81 ± 0.04 0.21 ± 0.04 29.698* <0.001*

6 months after loading 1.09 ± 0.11 0.30 ± 0.0 19.445* <0.001*

Palatal of marginal bone level
Immediate 0.71 ± 0.11 0.96 ± 0.05 5.376* <0.001*

Prosthetic 1.46 ± 0.05 1.07 ± 0.05 14.100* <0.001*

6 months after loading 1.76 ± 0.05 1.19 ± 0.04 23.094* <0.001*

Change from Immediate to 
Prosthetic 0.74 ± 0.05 0.11 ± 0.04 25.403* <0.001*

6 months after loading 1.04 ± 0.05 0.23 ± 0.05 29.767* <0.001*

t: Student t-test      p: p value for comparing between the studied groups      *: Statistically significant at p ≤ 0.05

FIG (1) a), Planning implant placement, b), Hard methaacrylate surgical guide in place, c & d) Screwing the implant using torque 
ratchet, and e) Surgical site after finishing the procedure.
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DISCUSSION 

This study focused on evaluating bone resorption 
receiving angulated implants. Axial implant 
placement has been recognized worldwide as a 
successful treatment for prosthetic rehabilitation. 
When considering various criteria for the success 
of an implant prosthesis such as osseointegration, 
crestal bone loss around the implant neck, longevity 
or survival of the restoration, etc. along with 
complications related to implants; Most studies 
have shown an excellent success rate averaging over 
95% over a period of time (1-10 years). Generally 
recognized criteria for assessing the success of the 
implant were used by Albrektsson et al. (12),Misch et 
al. (13) suggested.

Based on the above criteria, a number of studies 
have been reported in which a success rate in the 
order of 78 to 100% with an observation period of 
more than 15 years has been reported (14 – 16). If the 
upper jaw is atrophied, it is not possible to place 
an implant without performing invasive procedures 
such as bone augmentation or sinus lift or both. 
Various types of complications may arise during 
and after the sinus augmentation procedure, such 
as: B. perforation of the Schneiderian membrane, 
nosebleeds, postoperative pain and swelling, 
although no important negative effect on the success 
rate of implants has been described (17). However, 
the patient may be under psychological stress 
and additional stress from additional surgery and 
increased costs if there is not enough bone available 
to perform the sinus lift and the implant placement 
at the same appointment (18).

Although bone grafting is viable these days, it 
depends on many factors such as the type of bone 
graft used (autogenous, alloplastic, or xenograft), 
the host’s response, the patient’s age, various 
complications related to the grafting process, the 
infection, and above all of the time that is spent 
while the graft material matures and is absorbed 
by the bone. With all of these things in mind, an 
angled implant placement that avoids both invasive 

procedures such as sinus lift and bone augmentation 
procedures is a viable treatment option (19).

Bone tolerates the forces more favorably when 
they are directed vertically. Forces on axial implants 
are directed vertically along the longitudinal axis of 
an implant and should be more favorable because 
they distribute the stress more evenly across the 
implant (20). This explains the high survival or 
success rate of axially placed implants with minimal 
crestal bone loss of 0-0.2 mm / year (21-23). However, 
the scenario is different for angled implants. The 
angled implants direct the forces at an angle and 
are therefore associated with higher forces acting 
on the implant bone interface during axial loading, 
which should logically induce bone resorption by 
disrupting the bone implant interface (24).

In the present study, the baseline characteristics of 
the participants such as age and gender distribution 
had no influence on the outcome of the study, as 
the baseline characteristics were evenly distributed 
among the groups and did not show any statistically 
significant results. In the present study, the angled 
implant showed a higher significant marginal bone 
loss than the straight implant on the prosthesis 
and 6 months after loading. In agreement with our 
results, Bruschi et al. (25) determined the possible 
influence of the implant inclination on the peri-
implant marginal bone loss after 18 to 24 months 
of functional loading. Compared to axial implants, 
tilted implants showed a significant statistical 
difference for peri-implant buccal bone loss, but no 
further differences were observed for peri-implant 
bone loss or for implant survival and success rate. 
Fixed partial or full rehabilitation with tilted or axial 
implants, or with tilted and axial implants, could be 
a reliable technique with benefits for patients and 
operators.

Bone resorption in edentulous patients and the 
resulting anatomical limitations such as exposing 
the alveolar nerve in the lower jaw or widening 
the lower paranasal sinuses in the upper jaw 
prompt doctors to develop surgical techniques that 
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are an alternative to bone grafting or other bone 
augmentation procedures.  Tilted implants can be 
used instead of straight ones to avoid anatomical 
structures, reduce patient discomfort and financial 
costs, and shorten the overall treatment time. In the 
upper jaw, tilted implants can be placed mesial or 
distal to the maxillary sinus; in the lower jaw, they 
can be inserted into intra-foraminal regions. The 
reason for using tilted implants is that the vertical 
forces exerted during function are intended to cause 
greater bone resorption than horizontal forces that 
act around tilted implants. The angulation of distal 
implants enables the occlusal forces to be divided 
into vertical and horizontal vector components, 
which effectively reduces the load distribution in 
the surrounding bone tissue (26-29).In addition, by 
placing tilt implants in a reduced volume of bone, 
longer implants can be used that take up a greater 
amount of residual bone, thereby increasing implant 
stability (30).

One study, however, has shown excellent results 
with an immediately loaded fixed full denture 
(31). It has also been shown that tilting posterior 
implants improves prosthetic support (32). Various 
studies on the success rate of angled implants have 
shown the same or less crestal bone loss than axial 
implants(33,34).

Vertical forces exerted during chewing and de-
glutition are believed to cause more bone destruc-
tion than horizontal forces exerted around an angled 
implant. In addition, the stress values ​​are directly 
proportional to the angulation of the implant. De-
flection and stress concentration generally increase 
with increasing size or increasing load angle. When 
vertical loads are exerted on vertical and angled 
implants, there is only apical migration with verti-
cal implants, but with angled implants there is sig-
nificant deflection, combined with a certain apical 
migration (35). The duration of the force exerted has 
a greater influence on bone resorption and deforma-
tion than the force (36).

In contrast, Hopp et al. (37) the comparison of the 
marginal bone loss and the implant success after a 
5-year follow-up examination between axial and 
tilted implants that were used for the rehabilitation 
of the upper jaw in the full arch. Within the limits 
of this study and taking into account a follow-up 
period of 5 years, it can be concluded that tilted 
implants behave similarly in terms of marginal bone 
loss and implant success compared to axial implants 
in full arch rehabilitation of the maxilla. To check 
this result, longer-term results (from 10 years) are 
required.

CONCLUSION 

In conclusion, the angled implant showed a 
higher significant marginal bone loss than the 
straight implant at the prosthesis and 6 months after 
loading, but angled implants can be a satisfactory 
alternative to vertical implants to avoid transplant 
procedures. 
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