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Abstract Background/purpose: The narrow alveolar ridge in the maxillary premolars area
limits the angle of implant placement and the shape of the prosthesis. The aim of this study
was to evaluate which implant prosthesis, screw-and-cement-retained prosthesis (SCRP) or
cement-retained prosthesis (CRP), was more suitable for the maxillary premolar area.
Materials and methods: We conducted virtual implantation on 58 implant images from 47 pa-
tients obtained using cone beam computed tomography (CBCT). The width and buccal inclina-
tion of the alveolar bone, the angulation of the implant fixture, and the angulation of
abutment were measured and calculated.
Results: We determined that SCRP was feasible in 52% and 78.8% of first and second premolar
areas, respectively. There was a positive relationship between the feasibility of SCRP and the
premolar region in general (PZ 0.031), although SCRP was more likely to be a possibility in the
second premolar area. On multiple logistic regression analysis, the difference in the angle be-
tween the axis of the prosthesis and the axis of the alveolar bone (RA) was significantly asso-
ciated with the type of prosthesis (PZ 0.001). The RA was significantly higher for CRP implants
(OR Z 1.885; 95% CI: 1.31 to 2.70).
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Conclusion: SCRP is not always feasible in the maxillary premolar area, especially in the first
premolar area. If the difference between the angle of the axis of the prosthesis and the axis
of the alveolar bone is large, it may be necessary for the clinician to consider CRP in the treat-
ment planning stage.
ª 2022 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

The types of implant prostheses currently used in clinical
practice include the screw-retainedprosthesis (SRP), cement-
retained prosthesis (CRP), and screw-and-cement-retained
prosthesis (SCRP). The SCRP is preferred by clinicians because
of its ease of retrievability, passive fit, complete removal of
excess cement, and uncomplicated maintenance and man-
agement.1e3 However, SCRP has an aesthetic and prosthetic
disadvantage because of the screw access hole (SAH) at the
crown surface.3 When the implant fixture cannot be placed in
the ideal position for SCRP due to certain anatomical limita-
tions or practitioner inexperience, the SAH invades the buccal
or palatal/lingual cusps, resulting in aesthetic and functional
disadvantages.4 Many authors report that the presence of SAH
at the occlusal surface of the crown could weaken the por-
celain superstructure, resulting in decreased porcelain frac-
ture strength.5e8 Furthermore, if the SAH is not located in the
center of the occlusal plane, it results in cantilevering, and
screw loosening is more likely.9 Therefore, it is recommended
that the SAH be located at the cingulum for anterior teeth and
at the occlusal central fossa of the crown for posterior teeth,
whenever possible.9,10

In order for the SAH not to deviate significantly from the
cingulum or the fossa, the angle between the crown and the
fixture should be straight; if it cannot be straight, the
angulation should be as small as possible. If the position and
angulation of the implant are inappropriate, the angulation
of abutment increases; this, in turn, fails to satisfy cusp-
fossa contact and increases stress on the implants and
adjacent bone.11 If the angulation of abutment exceeds the
acceptable range for SCRP, practitioners should instead
select CRP.2 Ultimately, a clinician can achieve successful
rehabilitation only by considering the position and angle of
the implant fixture and the shape of the prosthesis at the
same time during the planning phase.

The fixture should be placed perpendicular to the
occlusal surface for straight abutment and for ideal SAH
orientation; this can be challenging in the premolar area.
First, the narrowness of the alveolar ridge in the area of the
maxillary premolars makes it difficult to determine the
bucco-palatal position of the implant fixture.12e14 In addi-
tion, the alveolar ridge in the maxillary premolar area has a
large buccal inclination that could restrict the angle of the
implant fixture.15 If the position and angle of the implant
fixture does not take into consideration the alveolar bone
morphology and inclination, fenestration and dehiscence
could occur.16 Considering these anatomic limitations of
the maxillary premolar area, it is questionable whether it is
possible to use the SCRP and satisfy both the ideal angle
1554
and position of the implant fixture and the inclination of
the alveolar ridge in the upper premolar area.

The purpose of this study was to evaluate whether SCRP
or CRP was more suitable in the maxillary premolar area
considering the angulation of abutment, the angulation of
the implant fixture, and the alveolar bone morphology.
Additionally, we attempted to investigate the anatomic
factors that influenced mostly the type of prosthesis used in
the premolar region.

Material and methods

Patient selection

The population of this retrospective cohort study comprised
all patients who underwent implant therapy for oral reha-
bilitation between January 2016 and December 2019 at the
Department of Oral and Maxillofacial Surgery, Seoul Metro-
politan Government-Seoul National University (SMG-SNU)
Boramae Medical Center in Seoul, Korea. Ethical approval
was obtained from the institutional review board of the SMG-
SNU Boramae Medical Center, Seoul (IRB No. 26-2017-51).
The study was conducted in accordance with the declaration
of Helsinki. The waiver was granted because the study was a
retrospective chart review, not an interventional study, and
because it was difficult to obtain consent from patients who
had been treated several years prior.

The inclusion criteria were simple implant, placement in
the upper first and second premolar areas and treated the
final prosthesis. The exclusion criteria were ridge
augmentation, ridge splitting and immediate implantation.

CBCT image acquisition and reconstruction

The CBCT images (Dinnova 3, HDX Corp., Seoul, Korea) were
obtained using a scan time of 7 s at 95 kV and 9 mA, a voxel
size of 0.3 mm, and a 9-mm field of view. All images were
saved in Digital Imaging and Communication in Medicine
(DICOM) format and reconstructed using INFINITT Picture
Archiving and Communication System (INFINITT Healthcare,
Seoul, Korea) at 0.5-mm thickness. All included patients
had completed prosthetic treatment, and the shape of the
prosthesis could be confirmed in a state of occlusion with
the opposite teeth on postoperative CBCT images. All im-
ages were reoriented so that the maxilla was symmetric
bilaterally and so that the coronal plane, defined as the line
connecting the center of the platform part of the implant
fixture and the central fossa of the prosthesis, was
perpendicular to the ground (Fig. 1).
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Measurement of the alveolar ridge and reference
lines

To define the ridge morphology, the alveolar bone width
was measured on CBCT images (Fig. 1). The alveolar height
was divided into thirds, at intervals of 5 mm. At each point,
the bucco-palatal width of the alveolar bone was measured
perpendicular to the long axis of the alveolar bone (line
‘R’); the 3 measurements were the coronal width (CW),
middle width (MW), and apical width (AW). Line ‘A’ repre-
sented the abutment axis connecting the central fossa and
the center of the crestal part of the implant fixture. This
line represented the angle of the ideal prosthesis and
served as a reference line when measuring the angle of the
virtual abutments and fixtures. In addition, buccal inclina-
tion of the ridge from the occlusal plane (RO), angulation of
line ‘A’ from the occlusal plane (AO), and angulation be-
tween line ‘R’ and line ‘A’ (RA) were measured.

Virtual implantation and measurement of fixture
angulation

For the purposes of virtual implantation, we used the spec-
ifications of the TS III 4010 implant (Osstem Implant, Seoul,
Korea), which has a length of 10 mm and a diameter of
4.2 mm on the coronal aspect and 2.8 mm on the apical
aspect. The shape and position of the prosthesis were used
as they were confirmed on postoperative CT images, and the
Figure 1 Alveolar width measurements. Line ‘R’ is the long
axis of the alveolar ridge, indicating the buccal inclination.
Line ‘O’ is the occlusal plane. Line ‘A’ is the abutment axis
connecting the central fossa and the center of the crestal part
of the implant fixture. The alveolar width was measured at 3
points: coronal (CW), middle (MW) and apical (AW). The ab-
breviations RO, AO, and RA represent, respectively, the buccal
inclination of the ridge from the occlusal plane, angulation of
line ‘A’ from the occlusal plane, and angulation between line
‘R’ and ‘A’.
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virtual implant fixture was newly placed according to the
position of the abutment of the prosthesis (Fig. 2). The
platform part of the implant was fixed as the rotation axis,
and the apical part was allowed to move within a range that
did not invade the cortical plate at the middle or apical third
of the alveolar bone. The safety area was set at a distance
1 mm from the cortical bone. In this area, the virtual implant
was installed and the buccal (BAF) and palatal angulations
(PAF) of the fixture from line ‘A’ were measured.

Measurement of virtual abutment angulation for
SCRP

For aesthetic and functional reasons, we attempted to
locate the screw hole of the SCRP implant between the
buccal and palatal cusps (Fig. 2). A screw hole with an outer
diameter of 2.4 mm was applied to the abutment of the
Figure 2 Measurements related to the angulation of abut-
ment and the angulation of fixture. The blue dotted line ‘A’ is
the abutment axis connecting the central fossa and the center
of the crestal part of the implant fixture. The green dotted line
represents the buccal angulation of the fixture (BAF). The pink
dotted line represents the palatal angulation of the fixture
(PAF). The yellow dotted line represents the palatal angulation
of the abutment (PAA). The red dotted line represents the
buccal angulation of the abutment (BAA).



Table 2 Relationship between the premolar region and
type of prosthesis.

First
premolar

Second
premolar

Total x2 (P valuea)

SCRP 13 (52%) 26 (78.8%) 39 (100%) 4.63 (0.031)
CRP 12 (48%) 7 (21.2%) 19 (100%)
Total 25 (100%) 33 (100%)

SCRP: screw-and-cement-retained prosthesis; CRP: cement-
retained prosthesis.

a Result of chi-square test.
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SCRP. Therefore, an area 1.2 mm centrically from the
buccal and palatal cusp tips was considered an acceptable
range for the abutment angulation of the SCRP. We
measured the buccal (BAA) and palatal angulations (PAA) of
the abutment from line ‘A.’

Statistical analysis and determination of type of
prosthesis

Statistical analysis was performed using SPSS, Ver. 28.0.1
(SPSS Inc., Chicago, IL, USA). All statistical results were
considered significant if the P value was less than 0.05. The
ShapiroeWilk test was used to determine the normality of
the data. We used Student’s t-test to compare the alveolar
width, angulation of abutment, angulation of the fixture,
and angulation of line ‘R’ and ‘A’ between the upper first
and second premolars.

If the PAA was smaller than the BAF, or if the BAA was
smaller than the PAF, we judged that SCRP was a feasible
implant prosthesis. For all other situations, CRP was deemed
appropriate. We used the chi-square test to analyze the
relationship between the region of the premolars (first or
second) and the type of prosthesis (SCRP or CRP).

To identify the predictors that had a significant influence
on the type of prosthesis deemed feasible (SCRP or CRP),
we used a multistep approach. The predictor variables
were CW, MW, AW, RO, AO, and RA. The outcome variable
was the type of prosthesis. First, the Student’s t-test was
used to determine the statistical difference in predictor
variables between SCRP and CRP. Based on these results,
we performed a multiple logistic regression analysis using a
backward stepwise procedure.

Results

Of the 521 patients who underwent implantation during the
study period, 47 met the inclusion criteria (22 male and 25
female). The patients’ mean ages were 66.84 � 7.44 years.
Table 1 Characteristics of the alveolar bone, the implant fixtu

First premolar (N Z 25) Second p

Alveolar ridge width
CW (mm) 7.91 � 1.20 8.26 � 1.
MW (mm) 9.39 � 1.61 11.10 � 2
AW (mm) 12.17 � 2.39 15.33 � 3
Angulation of abutment
BAA (�) 7.19 � 1.46 8.47 � 1.
PAA (�) 7.19 � 1.41 7.24 � 0.
Angulation of fixture
BAF (�) �0.38 � 9.80 8.68 � 12
PAF (�) 33.50 � 9.77 36.67 � 9
Angulation of line ‘R’ and line ‘A’
RO (�) 116.12 � 6.28 106.88 �
AO (�) 100.11 � 7.09 93.75 � 7
RA (�) 16.01 � 6.55 13.12 � 5

CW: coronal width; MW: middle width; AW: apical width; BAA: bu
abutment; BAF: buccal angulation of the fixture; PAF: palatal angulat
plane; AO: angulation between line ‘A’ and occlusal plane; RA: diffe

a Result of Student’s t-test.
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The total number of implants was 58; of these, 25 implants
were placed in the first premolar area (43.1%), and 33 im-
plants were placed in the second premolar area (56.9%).

The clinical characteristics of the premolar areas
assessed in this study are listed in Table 1. Five factors were
significantly different between the first and second pre-
molar areas: MW (P Z 0.002), AW (P Z 0.001), BAF
(P Z 0.05), RO (P < 0.001), and AO (P Z 0.002). All an-
gulations of abutment and angulations of fixture were
positive except for the BAF of the first premolar
(�0.38 � 9.80�). The mean difference in the BAF between
the first and second premolar area was 9.06�.

Appropriate prosthesis types for the premolar area are
represented in Table 2. We found that SCRP was feasible in
52% of first premolar areas and 78.8% of second premolar
areas. There was a positive relationship between the
feasibility of SCRP and the premolar region (P Z 0.031).
The likelihood of SCRP being feasible was higher in the
second premolar area than in the first premolar area.

Four factors were identified as the best predictors for
the type of prosthesis: MW (P Z 0.042), AW (P < 0.001), RO
(P < 0.001), and RA (P < 0.001) (Table 3). On multiple lo-
gistic regression, RA had a statistically significant associa-
tion with the type of prosthesis (P Z 0.001), being
significantly higher in the CRP group (OR Z 1.885; 95% CI:
re and the implant abutment at the maxillary premolar area.

remolar (N Z 33) P valuea Total (N Z 58)

51 0.34 8.11 � 1.38
.27 0.002 10.36 � 2.17
.82 0.001 13.97 � 3.62

13 0.13 8.24 � 1.30
84 0.89 7.22 � 1.11

.71 0.05 4.77 � 12.31

.65 0.22 36.57 � 10.16

9.85 <0.001 110.86 � 9.61
.86 0.002 96.50 � 8.12
.86 0.09 14.37 � 6.29

ccal angulation of the abutment; PAA: palatal angulation of the
ion of the fixture; RO: angulation between line ‘R’ and the occlusal
rence in angulation between RO and AO.



Table 3 Predictors of feasibility of implantation.

Predictors SCRP (N Z 39) CRP (N Z 19) P valuea

Alveolar ridge width
CW (mm) 8.19 � 1.37 7.94 � 1.43 0.522
MW (mm) 10.76 � 2.23 9.53 � 1.85 0.042
AW (mm) 15.10 � 3.74 11.65 � 1.87 <0.001
Angulation of line ‘R’ and line ‘A’
RO (�) 107.72 � 9.35 117.31 � 6.54 <0.001
AO (�) 96.62 � 9.26 96.22 � 5.26 0.83
RA (�) 11.09 � 3.69 21.08 � 5.04 <0.001

CW: coronal width; MW: middle width; AW: apical width; RO:
angulation between line ‘R’ and the occlusal plane; AO: angu-
lation between line ‘A’ and occlusal plane; RA: difference in
angulation between RO and AO; SCRP: screw-and-cement-
retained prosthesis; CRP: cement-retained prosthesis.

a Result of Student’s t-test.

Table 4 Factors associated with the feasibility of CRP:
results from multiple logistic regression analysis.

Predictor Odds ratio (95% CI) P valuea

RA 1.885 (1.31e2.70) 0.001

The initial logistic regression model was constructed using CRP
as the outcome variable and MW, AW, RO, and RA as predictor
variables, using a backward stepwise procedure. The final lo-
gistic regression model is presented here with CRP as the
outcome variable and RA as the predictor variable.
CRP: cement-retained prosthesis; CI: confidence interval; MW:
middle width; AW: apical width; RO: angulation between line
‘R’ and the occlusal plane; RA: difference in angulation be-
tween RO and AO.

a Result of multiple logistic regression.
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1.31 to 2.70). The overall predictive accuracy of RA was
93.1% (Table 4).

Discussion

The following factors should be considered when planning
implant therapy with SCRP. First, it is recommended that
the SAH should not invade the buccal and palatal/lingual
cusps and should be located as close to the central fossa as
possible, for both aesthetic and functional reasons.9,10

Second, straight abutment should be used whenever
possible for decreasing stress on the implants and adjacent
bone.11 Third, the implant fixture should be placed
perpendicular to the occlusal surface, whenever possible,
to generate axial loading.4 Bony fenestration and dehis-
cence should not occur when these 3 conditions are
met.17,18

The alveolar ridge in the maxillary premolar area has a
large buccal inclination.15 This anatomic feature could
restrict angulation of the implant fixture because fenes-
tration is more likely as the angulation difference increases
between the alveolar ridge inclination and the implant
fixture angle.17 Ribas et al. found that perforation and
dehiscence rates were 8.8% and 2.7% in the premolar re-
gion.19 In our study, the RO (buccal inclination of the
alveolar ridge at the maxillary premolar area) was signifi-
cantly larger at the first premolar than at the second pre-
molar, with a mean difference of 9.24�. Due to these
anatomic conditions, ideal placement of an SCRP implant is
limited; the first premolar area is more unfavorable for
SCRP than the second premolar area (P Z 0.031).

The anatomic conditions of a narrow alveolar width and
a large buccal inclination at the maxillary premolar area
limit the angulation of implant placement. In our study, the
BAF (buccal angulation of the implant fixture) was statis-
tically significantly smaller at the first premolar area than
at the second premolar area, with negative values seen at
the first premolar area. We judged that the small MW and
AW, and the high RO, of the first premolar area could limit
determination of the bucco-palatal position and angulation
of the implant fixture. Thus, the possibility of fenestration
and dehiscence is higher for the first premolars than for the
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second premolars. Large fenestration may lead to loss of
initial fixation of the implant and to increase the risk of
overload and bone loss.17,18

Use of an SCRP implant was not feasible in 48% of first
premolars and 21.2% of the second premolars we analyzed.
We found that the feasibility of CRP was 4.63 times higher
in the first premolar area (P Z 0.031). On multiple logistic
regression analysis, a higher RA indicated a higher proba-
bility of choosing CRP. As RA increases by 1, the probability
of choosing CRP increases by 1.885 times. Since RO and AO
are clinically determined, it is difficult to change the RA.
Therefore, if the RA is high, SCRP should not be selected. In
these patients, it would be wise to choose CRP in the
implant treatment planning stage.

When planning implant treatment, clinicians should
keep in mind that SCRP is not always feasible at the
maxillary premolar area, especially in the first premolar
area. If the difference between the angle of the axis of the
prosthesis and the axis of the alveolar bone is large, it may
be necessary for the clinician to consider CRP in the
treatment planning stage. One of the main limitations of
this study is that our sample size was small. A larger clinical
study is needed to verify our results.
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