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PURPOSE. This study evaluated the clinical efficiency and geometric fidelity

of the library-selected anatomical prefabricated abutments (LAPA) compared
with custom abutments (CA) and stock abutments (SA) by using a novel sector-
based deviation analysis (SBDA) method. MATERIALS AND METHODS. Two
posterior single-implant cases, the mandibular left first molar and right second
premolar, were selected for in vitro analysis. Twenty-four dental professionals (15
prosthodontic residents and 9 board-certified prosthodontists) performed three
tasks: CA design, LAPA selection, and SA selection. The recorded time required
for CA design and LAPA selection was compared. Overall geometric conformity
was assessed using in-tolerance analysis (£ 0.50 mm, £ 0.70 mm), and margin-
level fidelity was evaluated by sector-based and vector-based deviation analyses.
The Wilcoxon signed-rank test was used to evaluate the clinical efficiency and
geometric fidelity at a significance level of a =0.05. RESULTS. LAPA required
significantly less design time than the custom abutment (CA) (P <.001). Both
LAPA and SA showed high overall conformity to CA within clinically acceptable
limits. Sector- and vector-based analyses demonstrated that LAPA more closely
replicated CA margin positions than SA, indicating superior morphological
consistency with greater time efficiency. CONCLUSION. Within the limitations
of this in vitro study, the library-selected anatomical prefabricated abutment
showed a balanced performance between clinical efficiency and morphological
fidelity. [J Adv Prosthodont 2025;17:392-405]
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INTRODUCTION

Contemporary implant therapy emphasizes biologic
stability and esthetic integration, where the contour
and volume of the peri-implant soft tissue directly
influence esthetic outcomes and patient satisfac-
tion.13 A key determinant of esthetic success lies in
the emergence profile of the final restoration, which is
influenced by the implant position and the design of
the transmucosal abutment.*® Once an implant has
been placed in a prosthetically acceptable zone, the
morphology and positioning of the abutment become
central to shaping the peri-implant tissue and achiev-
ing a harmonious transition between the prosthesis
and the gingiva.™ In this context, the implant abut-
ment serves not only as a structural connector but
also as a biologically sensitive interface between the
implant and the oral environment.

Stock abutments are widely used in clinical prac-
tice due to their ease of use, rapid availability, and
manufacturing precision. Produced under standard-
ized industrial conditions, these components offer
high dimensional accuracy and consistent mechani-
cal properties.l%-16 Because they do not require addi-
tional laboratory fabrication, they allow earlier deliv-
ery of the definitive prosthesis.l” However, they may
offer limited flexibility in cases requiring detailed
optimization of soft tissue contours, margin position-
ing, or emergence profiles because stock abutments
are available in fixed shapes and dimensions. More-
over, inadequate adaptation of the abutment to the
gingival contour may complicate excessive cement
removal, particularly when margins are placed sub-
gingivally. These limitations can negatively affect
esthetic outcomes, biologic stability, and hygiene
maintenance.!8 19

To address these challenges, implant treatment has
progressively evolved toward a more patient-specific
approach in prosthetic design. Early efforts to individ-
ualize abutment morphology began with the use of
UCLA-type abutments, which allowed casting of cus-
tomized shapes using wax patterns and lost-wax tech-
niques. While this approach offered greater design
flexibility, it was technique-sensitive and carried risks
of casting distortion, contamination, and technical
errors during laboratory fabrication.??! The subse-
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quent development of digital workflows and comput-
er-aided design and computer-aided manufacturing
(CAD-CAM) technology enabled a more precise and
reproducible method for fabricating custom abut-
ments, marking a major transition toward fully digital,
patient-tailored implant prosthetics using high-pre-
cision milling systems. This advancement enabled
clinicians to control margin height, emergence pro-
file, and abutment contour with much greater pre-
cision and repeatability. Custom abutments have
thus become widely adopted in both implant resto-
rations, particularly when soft tissue management
and esthetic demands are critical.!8:19.22.23

Despite their advantages, custom abutments also
have limitations. Their fabrication process involves
multiple steps, including digital designing, milling,
and a post-milling procedure, each of which may
introduce variability. The use of various software sys-
tems, the absence of standardized design protocols,
and variations in milling machine calibration across
clinics and laboratories can lead to discrepancies in
the dimensional accuracy and surface quality of abut-
ments.!? Furthermore, contamination from milling
debris, polishing compounds, or cast stone materi-
als may remain on the abutment surface unless strict
cleaning protocols are followed, which could compro-
mise the implant-abutment connection or soft tissue
response.?426

Perhaps more importantly, the outcome of custom
abutment design is often dependent on the skill and
experience of the operator. Both dental technicians
and clinicians must understand how to interpret soft
tissue anatomy, position margins appropriately, and
create an emergence profile that supports peri-im-
plant tissue health. Inadequate design, such as exces-
sive emergence angles or improper thickness of the
transmucosal part, may increase the risk of peri-im-
plant inflammation, plaque accumulation, or com-
promised soft tissue sealing. These risks highlight the
need for a more standardized yet flexible solution that
balances customization with manufacturing control.

In response to these needs, the library-selected
anatomical prefabricated abutment (LAPA) has been
introduced as a library-driven system intended to
provide anatomical conformity without requiring full
customization. This system provides clinicians with
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a digitally pre-designed library of anatomically con-
toured abutments that mimic the emergence profiles
and soft tissue contours of custom abutments. The
design is based on tooth-specific morphology, with
multiple options available across mesiodistal widths,
buccolingual depths, gingival heights, and abutment
heights. By using this system, clinicians may select
an abutment that closely matches the patient’s soft
tissue and prosthetic needs, eliminating the need
for complex digital design or laboratory fabrication.
Because these abutments are mass-produced under
industrial standards, they retain the mechanical accu-
racy of prefabricated components while offering ana-
tomical conformity. The selection process can be per-
formed digitally or chairside, and the final abutment
can be delivered without compromising on biologic
or esthetic principles. This hybrid approach has the
potential to streamline clinical workflows and reduce
reliance on technician expertise.

While the LAPA system has been developed to com-
bine the clinical efficiency of prefabricated abutments
with the anatomical precision of custom designs, its
clinical validity and performance have not yet been
systematically verified. It remains unclear whether
these anatomically pre-designed abutments can reli-
ably reproduce the critical aspects of custom abut-
ments, such as gingival margin contours and emer-
gence profiles. Considering that accurate margin
positioning is critical for maintaining peri-implant tis-
sue health and facilitating cement removal, it serves as
a meaningful parameter for comparative evaluation.

https://doi.org/10.4047/jap.2025.17.6.392

The present study was therefore designed to eval-
uate both the clinical efficiency and morphologi-
cal fidelity of the LAPA system. Specifically, the time
efficiency of LAPA selection was compared with that
of conventional digital custom abutment design to
assess workflow advantages. In addition, the mor-
phological accuracy of LAPA was analyzed through a
detailed three-dimensional (3D) to two-dimensional
(2D) comparison with operator-designed custom
abutments using a standardized sector-based devia-
tion analysis (SBDA) framework, which enables repro-
ducible assessment of margin conformity. The null
hypothesis of this study was that there would be no
significant difference between the LAPA and the stock
abutment in terms of time efficiency and margin-level
morphological conformity when compared with digi-
tally designed custom abutments.

MATERIALS AND METHODS

Two posterior single-implant cases were selected
for in vitro analysis: the mandibular left first molar
(#36) and the mandibular right second premolar
(#45). Each case exhibited average mesiodistal spac-
ing, normal occlusal relationships, and no nota-
ble anatomical complications (Fig. 1). STL datasets
were generated and imported into a dental CAD soft-
ware program (DentalCAD 3.2 Galway; Exocad GmbH,
Darmstadt, Germany) for standardized use across all
participants. Twenty-four dental professionals partic-
ipated in the study, including 15 prosthodontic resi-

Fig. 1. Posterior single-implant cases used in this study: (A) mandibular left first molar (#36), (B) mandibular
right second premolar (#45).
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dents and 9 board-certified prosthodontists. Prior to
the experiment, all participants received a 15-minute
standardized tutorial on the use of the CAD software
and selection protocols for LAPA abutments.

Each participant completed the following three
tasks in both cases:

1. Custom abutment design: participants digi-
tally designed a custom abutment (CA) based on the
mucosal emergence contour and implant axis (Fig.
2A). 2. LAPA selection: participants selected the most
appropriate LAPA (Smart abutment, Osstem Implant
Co, Ltd, Seoul, Korea) using the manufacturer-pro-
vided software workflow. Each selection was per-
formed interactively within the digital environment,
based on patient-specific STL data and the integrated
LAPA library (Fig. 2B). 3. Stock abutment selection:
after completing the CA and LAPA tasks, participants
selected a stock abutment (Transfer abutment, Oss-
tem Implant Co, Ltd, Seoul, Korea) using manufac-
turer-provided catalogs and components. Each abut-
ment was exported as an STL file. Task durations for
CA and LAPA were recorded in seconds.

All STL datasets were analyzed using 3D inspection
software (Geomagic Control X; 3D Systems, Cary, NC,
USA). Each participant’s LAPA and stock abutment (SA)
data were superimposed onto their corresponding CA
using local best-fit alignment based on the external
surface above the implant abutment hex structure.

First comparison was performed on the superim-
posed abutments, focusing on the external surface
region located coronal to the implant platform, while

excluding the internal connection area. Surface devia-
tion was quantified using the in-tolerance percentage,
defined as the proportion of the abutment surface area
within a predefined clinical deviation threshold. The
primary threshold was set at £0.50 mm, with *0.70
mm applied for extended tolerance analysis (Fig. 3).

To evaluate margin-level conformity, a standard-
ized sectoral mapping method was applied. A primary
reference plane (Plane 0°) was defined by the most
prominent midfacial point of each abutment and the
implant long axis. Based on this plane, four additional
radial planes were constructed at -90°, -45°, +45°, and
+90°, all including the same implant axis to ensure ana-
tomical consistency (Fig. 4A). These five planes divided
the peri-implant region into consistent directional sec-
tors: distal (D), distobuccal (DB), midbuccal (B), mesio-
buccal (MB), and mesial (M) planes (Fig. 4B).

For each participant, five directional points (M, MB,
B, DB, and D) were extracted per abutment. The lin-
ear distance between each corresponding point on
the reference abutment (CA) and the test abutments
(LAPA and SA) was measured. Points falling within
the tolerance thresholds of £0.3, £0.5, and £0.7
mm were counted for each participant.?’-3! This count
indicated the number of margin points located within
the specified deviation limits from the CA, providing a
quantitative measure of buccal margin conformity for
both LAPA and SA.

To quantify the directionality of margin deviation,
each intersection point was measured horizontally
from the implant long axis and vertically from the

Fig. 2. Tasks performed by participants: (A) CA design, (B) LAPA selection.
CA, custom abutment; LAPA, library-selected anatomical prefabricated abutment.

https://jap.or.kr
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Fig. 3. Measurement of in-tolerance
ratios for prefabricated abutments
relative to the custom abutment

at specified deviation thresholds:
(A) LAPA at 0.5 mm tolerance, (B)
LAPA at 0.7 mm tolerance, (C) SA

at 0.5 mm tolerance, (D) SA at

0.7 mm tolerance. LAPA, library-
selected anatomical prefabricated
abutment; SA, stock abutment.

Plane 0°

Fig. 4. Standardized sectoral mapping for margin-level conformity analysis: (A) establishment of the
primary reference plane (Plane 0°) defined by the implant long axis and the midfacial point, followed by
construction of four additional radial planes at -90°, -45°, +45°, and +90°, (B) five corresponding margin
points (M, MB, B, DB, D) were generated by the intersection of these planes with the abutment surface.

implant platform plane (Fig. 5). For each direction,
the distance ratio between the test abutment and the
reference abutment was calculated. These ratios indi-
cated the degree of conformity in horizontal and ver-
tical directions.

The normality of the acquired data was assessed
by using the Kolmogorov-Smirnov test and the Sha-
piro-Wilk test. Wilcoxon signed-rank test was used
to evaluate the clinical efficiency, the overall abut-
ment design tolerance, and margin fidelity. All statis-
tical analyses were performed using a statistical soft-

Fig. 5. Measurement of horizontal margin width (h)
o and vertical margin height (v), defined respectively
ware program (IBM SPSS Statistics, v29.0; IBM Corp., as the distance from the implant long axis and the
Armonk, NY, USA) (a=0.05). height from the implant platform.
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RESULTS

The time required for abutment design or selection
was measured using a standardized CAD workflow
(Table 1). For CA design, the mean time was 229 *+
82 seconds for tooth #36 and 253 £ 116 seconds for
tooth #45. In contrast, LAPA selection required 122 *=
68 seconds and 125 £ 61 seconds, respectively.

Wilcoxon signed-rank tests showed that LAPA selec-
tion required significantly less time than CA design
for both positions (P <.001).

The overall geometric conformity of the LAPA and
SA was evaluated using the in-tolerance rate, defined
as the percentage of surface area falling within a
specified deviation threshold relative to the CA (Table
2). At the £ 0.5 mm tolerance, the mean in-tolerance
rate for the #36 abutments was 89.58 £ 3.97% for

LAPA and 87.32 % 6.34% for SA, showing no statisti-
cally significant difference between the two groups (P
=.145). For the #45 abutments, the mean in-tolerance
rate was 93.08 + 5.50% for LAPA and 97.74 = 2.75%
for SA, with a statistically significant difference (P <
.001). When the tolerance threshold was increased
to £ 0.7 mm, both abutment types achieved 100%
in-tolerance across all samples. These findings indi-
cate that both LAPA and SA demonstrated high over-
all geometric conformity within clinically acceptable
limits.

The conformity of buccal margin positions was
evaluated by counting the number of corresponding
points located within defined deviation thresholds
(£ 0.3 mm, £ 0.5 mm, and = 0.7 mm) relative to the
CA across five buccal sectors (Table 3). At the +0.3
mm threshold, the LAPA showed 1.45 £ 1.06 points

Table 1. Comparison of time required for CA design and LAPA selection (seconds)

Tooth number CA design LAPA selection Pvalue
#36 229 + 82 122 £ 68 <.001
#45 253 + 116 125 £ 61 <.001
CA, custom abutment; LAPA, library-selected anatomical prefabricated abutment.
Table 2. In-tolerance rates of abutment evaluated at the 0.5 and 0.7 mm deviation threshold (%)
Tooth number Tolerance (mm) LAPA SA P value
436 0.5 89.58 + 3.97 87.32 £6.34 .145
0.7 100 100 -
445 0.5 93.08 £ 5.50 97.74 £2.75 <.001
0.7 100 100 -

Values at the 0.5 mm threshold are presented as mean £ standard deviation, while all values at the 0.7 mm threshold reached 100%.
LAPA, library-selected anatomical prefabricated abutment; SA, stock abutment.

Table 3. Mean and standard deviation of the number of corresponding points on LAPA and SA margins falling within the

tolerance threshold (0.3 /0.5 /0.7 mm) relative to the CA margin

Tooth number Tolerance (mm) LAPA SA Pvalue
0.3 1.45 £ 1.06 0.96 = 0.91 .062
#36 0.5 3.13+1.08 1.38 +1.06 <.001
0.7 4.08 +0.88 2,75+ 1.45 .006
0.3 1.71£1.43 0.92 +0.97 .024
#45 0.5 3.17%£ 152 1.25+1.22 <.001
0.7 425+ 1.19 2.04 +1.40 <.001

CA, custom abutment; LAPA, library-selected anatomical prefabricated abutment; SA, stock abutment.

https://jap.or.kr
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within tolerance for #36 and 1.71 = 1.43 for #45, com-
pared with 0.96 * 0.91 and 0.92 % 0.97 for the SA (P
=.062 for #36; P = .024 for #45). At 0.5 mm, the cor-
responding values were 3.13 £ 1.08 for #36 and 3.17
* 1.52 for #45 in the LAPA group, and 1.38 = 1.06 and
1.25 £ 1.22 in the SA group (P <.001 for both sites).

When the tolerance was expanded to £ 0.7 mm, the
LAPA recorded 4.08 % 0.88 for #36 and 4.25 & 1.19 for
#45, whereas the SA showed 2.75 £ 1.45 and 2.04 £
1.40, respectively (P =.006 for #36; P <.001 for #45).

The horizontal and vertical positions of the margin
points for the LAPA and SA abutments were compared
with those of the corresponding CA (Table 4, Fig. 6). In
this analysis, horizontal and vertical ratios were cal-
culated by dividing the respective coordinates of the
test abutment by those of the CA. A ratio greater than
lindicated a higher value than CA; a value less than 1
indicated a lower value.

https://doi.org/10.4047/jap.2025.17.6.392

In the horizontal dimension, the LAPA group exhib-
ited ratios greater than 1 at most measurement
points, whereas the SA group showed lower ratios.
Statistically significant differences between the
groups were observed at all sectors except for the
buccal and distal sectors of #36 and the mesial and
distal sectors of #45 (P < .05). In the vertical dimen-
sion, SA exhibited lower ratios than LAPA at all evalu-
ated points, with statistically significant differences at
every site except the buccal point of #45 (P <.05).

DISCUSSION

This study evaluated the clinical validity of library-se-
lected anatomical prefabricated abutments (LAPA)
based on two key parameters: design efficiency and
margin-level morphological fidelity. Compared to
custom abutments (CA), the use of LAPA resulted in a

Table 4. Comparison of horizontal and vertical ratios (relative distance ratios) between LAPA and SA with respect to CA at
five margin points (M, MB, B, DB, and D) for teeth #36 and #45 (Mean £ SD)

Tooth number Position Factor LAPA SA Pvalue
M Horizontal 0.9092 £ 0.0778 0.8473 = 0.0821 .015
Vertical 1.0090 £ 0.0743 0.6968 % 0.0873 <.001
MB Horizontal 1.0496 £ 0.0812 0.9369 % 0.0933 <.001
Vertical 0.9444 £ 0.0627 0.8174 % 0.0982 <.001
o B Horizontal 0.9809 £ 0.0820 0.9796 %= 0.0817 0.886
Vertical 0.9363 £ 0.0603 0.8757 = 0.0995 <.001
DB Horizontal 1.0346 £ 0.0596 0.9317 %= 0.0893 <.001
Vertical 0.9177 £ 0.0771 0.7956 £ 0.0934 <.001
D Horizontal 0.9601 £ 0.0704 0.9078 % 0.1069 278
Vertical 1.2589 £ 0.1116 0.8723 = 0.1263 <.001
M Horizontal 1.0030 £ 0.1542 0.9759 = 0.1302 .819
Vertical 1.0039 £ 0.0768 0.7465 = 0.1013 <.001
MB Horizontal 1.1430 £ 0.1815 0.9907 = 0.1300 <.001
Vertical 1.0351 £ 0.0465 0.9089 = 0.1151 <.001
w45 B Horizontal 1.0750 £ 0.1656 0.9728 = 0.1075 <.001
Vertical 1.0305 £ 0.0440 0.9625 *+ 0.1096 199
DB Horizontal 1.1148 £ 0.1445 0.9737 £ 0.0884 <.001
Vertical 0.9316 £ 0.0588 0.8031 * 0.0885 <.001
D Horizontal 1.0193 £ 0.1189 0.9968 *+ 0.0618 .668
Vertical 1.0103 £ 0.0541 0.7563 = 0.0922 <.001

LAPA, library-selected anatomical prefabricated abutment; SA, stock abutment; M, mesial; MB, mesiobuccal; B, buccal; DB, distobuccal; D, distal.
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Fig. 6. Comparison of horizontal and vertical conformity ratios between LAPA and SA relative to CA at five margin points (M,
MB, B, DB, and D). The dotted line at ratio = 1.0 represents the reference custom abutment, while each data point indicates
the relative horizontal or vertical position of the prefabricated abutments. (A) Horizontal ratios for #36, (B) Vertical ratios
for #36, (C) Horizontal ratios for #45, and (D) Vertical ratios for #45. Error bars indicate standard deviation.

significantly reduced design time. In addition, LAPA
demonstrated morphological similarity to CA when
compared with conventional stock abutments (SA),
particularly in buccal margin regions. Based on these
findings, the null hypothesis was rejected.

Wilcoxon signed-rank tests confirmed that LAPA
selection required significantly less time than CA
design, indicating that LAPA offers greater clinical effi-
ciency in practice. In this study, time measurement
for CA design included the margin delineation, axis
setting, and design of the transgingival portions of
the abutment. In practice, the custom workflow also
involves additional steps, such as crown arrange-
ment, which were not included in the measured
design time, suggesting that the actual total time
required for CA design would be even greater.

https://jap.or.kr

Following the demonstrated time efficiency of LAPA
over CA, the next phase of this study focused on eval-
uating the overall geometric conformity of LAPA rel-
ative to operator-designed custom abutments. Given
that each CA and LAPA pair inherently exhibits dis-
tinct design origins, direct surface-to-surface compar-
ison between the two is methodologically limited. To
overcome this limitation, the analysis was conducted
by comparing LAPA to a conventional prefabricated
SA, both of which are non-customized components
designed to reflect standardized anatomical contours.
Both LAPA and SA demonstrated high geometric fidel-
ity to CA, with in-tolerance percentages exceeding
87% at the £ 0.50 mm threshold. This tolerance value
is widely accepted in the literature and clinical prac-
tice as a benchmark for implant abutment fit. Under
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the more lenient = 0.70 mm threshold, both LAPA
and SA achieved a 100% in-tolerance rate across all
participants, indicating that every participant-gener-
ated CA was morphologically comparable to the pre-
fabricated counterparts within this clinically accept-
able range.

The selection of tolerance thresholds was based
on both technical constraints and biological rele-
vance. A = 0.30 mm range reflects the upper limit of
precision typically achieved in CAD-CAM workflows,
encompassing scanning and milling variability.?’
The = 0.50 mm threshold has been widely accepted
in the literature as the clinical limit for subgingival
cement removal and peri-implant soft tissue main-
tenance.?®2° The = 0.70 mm range accounts for bio-
logic remodeling phenomena, including dimensional
changes in peri-implant tissues during healing.30:3!
These findings support the premise that the newly
proposed LAPA system achieves an overall design pre-
cision equivalent to conventional prefabricated abut-
ments and falls well within accepted clinical parame-
ters. From a clinical perspective, these results suggest
that LAPA provides an appropriate level of geometric
accuracy for general use, reinforcing its feasibility as a
stable and compatible initial stage of the digital abut-
ment workflow.

While overall abutment geometry provides a gen-
eral assessment of shape fidelity, it does not fully
capture the clinical relevance of abutment selection.
In practice, the precise location and reproducibility of
the abutment margin are critical, especially in esthet-
ically sensitive regions. Facial margin positioning, in
particular, has been shown to significantly influence
esthetic outcomes in implant prosthetics. Also, from
a digital workflow perspective, the delineation of the
abutment margin serves as the foundational step in
CA design, directly influencing both abutment mor-
phology and the final crown contour. Similarly, SA
selection is typically guided by gingival height and
marginal configuration. Accordingly, margin morphol-
ogy represents the most decisive factor in both abut-
ment design and selection.

To address this, the present study introduced a
novel analytic framework, Sector-Based Deviation
Analysis (SBDA), to quantify margin-level fidelity. This
approach divides the abutment into five angular sec-

400
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tors and evaluates the positional deviation of mar-
gin points in both horizontal and vertical directions.
It further quantifies conformity using predefined tol-
erance thresholds and visualizes direction-specific
discrepancies, thereby providing a localized and clin-
ically meaningful assessment of margin accuracy.
Across all evaluated thresholds, LAPA exhibited con-
sistently higher within-tolerance rates than SA, with
statistically significant differences observed in all
cases except at the 0.30 mm threshold for tooth #36.
SA demonstrated lower reproducibility, with sev-
eral cases failing to achieve even three matching
points under the more lenient £ 0.70 mm thresh-
old. By comparison, LAPA consistently achieved three
or more matching points at the primary = 0.50 mm
threshold in both premolar and molar designs and
averaged four or more points within the = 0.70 mm
range, underscoring its superior margin conformity.
These results suggest that LAPA more accurately
replicates the buccal margin positioning of CA, a
region considered critical for esthetic integration and
peri-implant tissue health. The margin configuration
observed in LAPA appears to reflect core principles of
custom abutment design, including alignment with
soft tissue contours. This supports the anatomical
validity of LAPA’s prefabricated form and its potential
for clinically reliable margin positioning.

Vector-based analysis was performed to evaluate
the horizontal and vertical deviation of peri-implant
margin positions across five buccal sector points,
which were divided to reflect the differing clinical
importance of each sector with respect to esthetic
outcomes and peri-implant tissue health. The hori-
zontal and vertical positions of the margin points for
the LAPA and SA were compared with those of the
corresponding CA. In this analysis, a horizontal factor
greater than 1 indicated a margin located more buc-
cally relative to the implant axis than the CA, whereas
a value less than 1 represented a margin positioned
closer to the implant axis. A vertical factor greater
than 1 indicated a supragingival margin relative to
the CA, while a value less than 1 indicated a subgingi-
val margin.

Point B, corresponding to the midbuccal sector, rep-
resents a clinically critical site in implant esthetics due
to its influence on facial contour and soft tissue integra-
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tion. In terms of the horizontal width of the abutment
margin, both LAPA and SA in the #36 design exhibited
values slightly below that of the reference CA (1.0000),
with no significant difference observed between the
groups. In the #45 design, LAPA and SA also approx-
imated the CA, suggesting minimal deviation from
the intended horizontal profile. This outcome may be
attributed to the decision-making priorities of the par-
ticipants, who consisted of prosthodontic residents
and board-certified prosthodontists. When selecting
prefabricated abutments, these clinicians tended to
emphasize the stability of the facial contour and the
achievement of esthetic harmony. Consequently, the
midfacial abutment-crown margin (Point B) was con-
sistently adopted as a primary reference point, result-
ing in both LAPA and SA selections converging toward
the corresponding margin location of the operator-de-
signed custom abutment.

For the vertical position of the abutment margin
point B, all test abutments were positioned subgin-
givally relative to the CA in the #36 case. However,
LAPA margins at this site exhibited a position signifi-
cantly closer to the CA compared with SA. This find-
ing suggests that in molar cases, if horizontal stabil-
ity is prioritized, the anatomically contoured design
of LAPA allows for a margin position that more closely
approximates the vertical configuration of the cus-
tom abutment. In the #45 case, the margin at point B
demonstrated slightly supragingival positioning with
LAPA, whereas SA remained subgingival. However,
these differences did not reach statistical significance.
These findings suggest that both LAPA and SA main-
tain overall horizontal consistency with the CA in the
midbuccal region. Minor variations in vertical posi-
tioning may reflect differences in the prefabricated
emergence profile of each abutment type but did not
substantially affect positional fidelity at this estheti-
cally sensitive site.

The proximal margins, positioned at points M and
D, generally carry a lower esthetic priority compared
to the buccal aspect; however, they remain clinically
relevant due to their influence on gingival contour
and soft tissue integration. Given the naturally scal-
loped morphology of the proximal gingiva, custom
abutments usually feature a higher vertical margin
position in the proximal site compared to the mid-
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facial aspect. In terms of the horizontal width, SA
exhibited narrower margin widths than LAPA at both
proximal sites, although this difference reached sta-
tistical significance only at Point M in the #36 case.
In terms of vertical margin height, a consistent pat-
tern was found. LAPA exhibited slightly greater ver-
tical values, corresponding to a more supragingival
margin relative to the CA, whereas SA margins were
positioned distinctly subgingivally. Specifically, LAPA
demonstrated vertical ratios that were nearly equiva-
lent to those of the CA, measuring 1.0090 at point M in
#36, and 1.0039 and 1.0103 at points M and D in #45,
respectively. In contrast, SA exhibited markedly lower
ratios at both sites (0.6768 and 0.7956 in #36; 0.7456
and 0.7653 in #45), indicating deeper subgingival
placement. This subgingival margin positioning in SA
may pose clinical challenges, such as increased diffi-
culty in cement removal and compromised peri-im-
plant hygiene. Conversely, LAPA’s anatomical design
allows for more favorable margin emergence, poten-
tially supporting better clinical maintenance and soft
tissue health.

Notably, at point D in the #36 case, LAPA exhib-
ited a markedly supragingival margin position, with
a vertical ratio measured at 1.2589. This discrepancy
may be attributed to a mild mesial inclination of the
implant in this case. Given LAPA’s bilaterally symmet-
ric emergence profile, mesially tilted implants may
result in relatively elevated distal margin positions.
As margin selection typically emphasizes the buccal
and mesial zones for esthetic reasons, the resulting
supragingival positioning at distal sites can enhance
cement removal and maintenance accessibility while
exerting minimal esthetic compromise. This observa-
tion is consistent with commonly reported anatomi-
cal patterns where natural teeth and implants often
present with a slight mesial inclination. The anatomi-
cal design of LAPA thus offers potential advantages in
maintaining peri-implant tissue health, especially in
the proximal regions.

The point MB and DB points represent transi-
tional zones connecting the esthetic (midfacial)
and hygienic (proximal) regions. These sites play an
important role in maintaining overall margin continu-
ity and ensuring the integrity of the emergence pro-
file. At these transitional points, LAPA generally exhib-
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ited slightly greater horizontal margin width than the
CA, whereas SA showed smaller widths relative to the
reference. Vertically, both types of prefabricated abut-
ments were positioned subgingivally; however, LAPA
demonstrated a vertical margin position more closely
approximating that of the CA. This pattern appears
consistent with the gradual morphological transition
observed across the M, B, and D points, reflecting the
natural contour progression of the abutment-crown
interface. Unlike SA, which presented a narrower and
more confined margin form, LAPA maintained a suffi-
cient horizontal width and an anatomically appropri-
ate vertical level. Such characteristics contribute not
only to improved esthetic harmony but also to favor-
able peri-implant tissue health through a more natu-
ral emergence profile.

This study analyzed two posterior single-implant
cases, a molar (#36) and a premolar (#45), to evalu-
ate potential variations in margin behavior accord-
ing to anatomical site. Across both posterior cases,
LAPA showed margin positions more closely aligned
with CA than SA, particularly in the molar case. In
the premolar case, both LAPA and SA demonstrated
values close to CA in both the horizontal and verti-
cal dimensions, with LAPA showing slightly higher
values and SA generally presenting lower ones. This
trend may be attributed to the anatomical character-
istics of premolars. In this region, the crown morphol-
ogy is relatively square, with similar mesiodistal and
buccolingual dimensions. Additionally, the discrep-
ancy between implant platform diameter and crown
emergence is smaller than in molar sites. As a result,
the morphological variation captured by LAPA and SA
is inherently more limited, and differences between
groups may be less pronounced.

Nevertheless, vertical margin position remained
a differentiating factor. While SA consistently posi-
tioned margins subgingivally at both mesial and dis-
tal sites, LAPA margins were either aligned with or
slightly supragingival to the CA, reflecting a more
favorable emergence profile for maintenance and
cement removal. In contrast, the molar region exhib-
its greater mesiodistal width and more variable
implant-to-crown dimensional ratios. In such ana-
tomically complex sites, a standardized SA design
may introduce discrepancies in emergence profile.
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The anatomical adaptation present in LAPA becomes
more advantageous in these cases, offering a closer
match to the individualized geometry of CA.

Taken together, LAPA exhibited a balanced and con-
sistent margin design pattern that preserved both
esthetic alignment and hygienic accessibility. The
advantage was not limited to mean deviation metrics
but was particularly evident in anatomically and clin-
ically significant regions. These findings highlight the
selective superiority of LAPA over SA in replicating the
clinically desirable contours of custom abutments,
particularly in molar sites where anatomical variabil-
ity is greater.

The proposed LAPA system demonstrated a bal-
anced integration of three critical factors for clinical
abutment selection: overall geometric conformity,
workflow efficiency, and margin-level fidelity. Com-
pared to conventional stock abutments (SA), LAPA
offered anatomical accuracy, particularly in reproduc-
ing clinically relevant margin contours. At the same
time, its library-guided selection process enabled a
more streamlined workflow relative to fully custom-
ized abutment design, reducing operator burden and
procedural time without compromising morphologi-
cal quality. From a clinical perspective, LAPA presents
as a viable alternative that serves as an intermediary
between SA and CA. Its design characteristics support
both esthetic demands and peri-implant soft tissue
health, offering reproducible outcomes that are espe-
cially valuable in high-throughput or multi-operator
environments. In cases where simultaneous esthetic
precision and maintenance accessibility are required,
such as posterior single-implant restorations, LAPA
may serve as a practical solution that supports pre-
dictable prosthetic outcomes.

This study introduced a sector-based deviation
analysis (SBDA) framework that enabled quantifiable
comparison of three-dimensional abutment geome-
try through two-dimensional sectoral reduction. By
segmenting the peri-implant region into anatomically
defined planes and applying both threshold-based
(within-tolerance) and vector-based (Av, horizontal/
vertical ratios) analyses, the methodology facilitated
comprehensive evaluation of spatial conformity with
high clinical interpretability. The layered analytical
strategy incorporated multiple quantitative metrics
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and pointwise in-tolerance percentages, allowing for
robust triangulation of morphological fidelity. In addi-
tion, the use of actual dental practitioners, especially
prosthodontists as participants, enhanced ecologi-
cal validity, ensuring that the findings reflect realistic
behaviors within a clinical digital workflow context.

This study utilized actual clinical cases to enhance
contextual relevance. However, the limitations of
this study include its in vitro nature, which did not
account for biological variables such as soft tissue
response or healing dynamics. Additionally, the find-
ings are limited to a single implant case, which may
restrict generalizability across different implant-abut-
ment interface designs. A standardized reference
abutment design could not be established for com-
parison. The design of custom abutments (CA) inher-
ently reflects each operator’s individual treatment
philosophy and esthetic priorities, resulting in con-
siderable variability among designs. However, since
no single ideal custom abutment design can be uni-
versally defined, evaluating margin fidelity relative to
each operator-specific design was considered a rea-
sonable approach within the context of this study.
Furthermore, as the primary focus of this study was
margin fidelity, other clinically significant aspects,
such as emergence profile, crown form, and screw
access orientation, were not evaluated. Moreover, this
study focused on posterior implant restorations, spe-
cifically premolar and molar cases. However, anterior
implant restorations were not included, as they often
require advanced soft tissue management, which was
beyond the scope of this study. In such cases, an eval-
uation based solely on margin fidelity may not be suf-
ficient, and further clinical considerations would be
necessary.

Future investigations should include clinical in
vivo assessments to evaluate peri-implant soft tissue
response and long-term biological stability accord-
ing to the type of abutment selected. Expanding the
study across various implant-abutment connection
types and platform designs would enhance general-
izability and clinical applicability. Further evaluation
of the biomechanical behavior of abutment designs,
including preload stability, screw loosening tenden-
cies, and resistance to functional loading, is war-
ranted. The current sector-based deviation analysis
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(SBDA) framework may be adapted to assess broader
morphological characteristics, such as emergence
profiles and crown contours. Additionally, the pres-
ent dataset may serve as a foundational reference for
developing artificial intelligence models that auto-
mate anatomically guided abutment selection within
digital workflows.

This study demonstrated that LAPA exhibits high
overall geometric conformity within clinically accept-
able tolerances. The LAPA workflow showed time
efficiency and a higher degree of margin positional
fidelity compared with custom abutments. This
experiment was conducted in a crossover design to
control for learning effects, minimizing potential bias
from task order. Clinically, LAPA contributes to work-
flow standardization and may be more suitable for
less experienced clinicians who are less familiar with
digital workflows. It allows clinicians to select chair-
side abutments, enabling direct communication of
the chosen component to the dental laboratory and
thereby improving clinical efficiency. Additionally, the
LAPA workflow bypasses post-design milling and fin-
ishing steps, reducing both time requirements and
the potential for fabrication-induced errors. Though
not captured in the design-time analysis, these steps
represent further time- and accuracy-related advan-
tages. In insurance-based clinical settings, particu-
larly in countries where reimbursement is limited to
prefabricated abutments and not custom abutments
(e.g., the Republic of Korea), the ability to reduce
chairside and design time may yield substantial prac-
tical benefits. Moreover, in multi-operator environ-
ments, the use of LAPA may enhance reproducibility
and predictability, contributing to greater standard-
ization across digital workflows.

Overall, LAPA may serve as a practical alternative
that balances clinical efficiency and morphologi-
cal accuracy, particularly in posterior single-implant
scenarios. However, the present findings are based
on geometric evaluations, and further studies are
needed to assess the mechanical stability and biolog-
ical outcomes associated with the use of LAPA.

CONCLUSION

Within the limitations of this /n vitro study, the
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library-selected anatomical prefabricated abutment
showed a balanced performance between clinical
efficiency and morphological fidelity. The findings
suggest that anatomically guided prefabricated abut-
ments may serve as a feasible option within the dig-
ital workflow, providing a level of standardization
while maintaining reasonable adaptation to peri-im-
plant morphology. LAPA demonstrated the potential
to complement existing abutment selection strategies
rather than to replace them, particularly in routine
posterior implant restorations. Further clinical and
biomechanical studies are necessary to validate these
findings and to assess long-term biological responses
associated with its use.

REFERENCES

1. Pedrinaci |, Hamilton A, Lanis A, Sanz M, Gallucci GO.
The bio-restorative concept for implant-supported
restorations. J Esthet Restor Dent 2024;36:1516-27.

2. Myshin HL, Wiens JP. Factors affecting soft tissue
around dental implants: a review of the literature. J
Prosthet Dent 2005;94:440-4.

3. Zucchelli G, Tavelli L, Stefanini M, Barootchi S, Mazzot-
ti C, Gori G, Wang HL. Classification of facial peri-im-
plant soft tissue dehiscence/deficiencies at single im-
plant sites in the esthetic zone. J Periodontol 2019;90:
1116-24.

4. Garber DA, Belser UC. Restoration-driven implant
placement with restoration-generated site develop-
ment. Compend Contin Educ Dent 1995;16:796, 798-
802, 804.

5. Buser D, Martin W, Belser UC. Optimizing esthetics for
implant restorations in the anterior maxilla: anatomic
and surgical considerations. Int J Oral Maxillofac Im-
plants 2004;19 Suppl:43-61.

6. Gomez-Meda R, Esquivel J, Blatz MB. The esthetic bio-
logical contour concept for implant restoration emer-
gence profile design. J Esthet Restor Dent 2021;33:
173-84.

7. Laleman I, Lambert F. Implant connection and abut-
ment selection as a predisposing and/or precipitat-
ing factor for peri-implant diseases: a review. Clin Im-
plant Dent Relat Res 2023;25:723-33.

8. Galindo-Moreno P, Le6n-Cano A, Ortega-Oller I, Mon-
je A, Suérez F, OValle F, Spinato S, Catena A. Prosthet-

404

10.

11.

12.

13.

14.

15.

16.

17.

18.

https://doi.org/10.4047/jap.2025.17.6.392

ic abutment height is a key factor in peri-implant mar-
ginal bone loss. J Dent Res 2014;93(7_suppl):80s-5s.

. Soulami S, Slot DE, van der Weijden F. Implant-abut-

ment emergence angle and profile in relation to
peri-implantitis: a systematic review. Clin Exp Dent
Res 2022;8:795-806.

Mostafavi AS, Mojtahedi H, Javanmard A. Hybrid im-
plant abutments: a literature review. European J Gen
Dent 2021;10:106-15.

Lops D, Meneghello R, Sbricoli L, Savio G, Bressan E,
Stellini E. Precision of the connection between im-
plant and standard or computer-aided design/com-
puter-aided manufacturing abutments: a novel evalu-
ation method. Int J Oral Maxillofac Implants 2018;33:
23-30.

Alonso-Pérez R, Bartolomé JF, Ferreiroa A, Salido MP,
Pradies G. Evaluation of the mechanical behavior and
marginal accuracy of stock and laser-sintered implant
abutments. Int J Prosthodont 2017;30:136-8.

Apicella D, Veltri M, Chieffi N, Polimeni A, Giovannet-
ti A, Ferrari M. Implant adaptation of stock abutments
versus CAD/CAM abutments: a radiographic and Scan-
ning Electron Microscopy study. Ann Stomatol (Roma)
2010;1(3-4):9-13.

Alsahhaf A, Spies BC, Vach K, Kohal RJ. Fracture resis-
tance of zirconia-based implant abutments after ar-
tificial long-term aging. J Mech Behav Biomed Mater
2017;66:224-32.

Jarman JM, Hamalian T, Randi AP. Comparing the
fracture resistance of alternatively engineered zir-
conia abutments with original equipment manufac-
tured abutments with different implant connection
designs. Int J Oral Maxillofac Implants 2017;32:992-
1000.

Yilmaz B, Salaita LG, Seidt JD, McGlumphy EA, Clel-
land NL. Load to failure of different zirconia abut-
ments for an internal hexagon implant. J Prosthet
Dent 2015;114:373-7.

Schepke U, Meijer HJ, Kerdijk W, Raghoebar GM, Cune
M. Stock versus CAD/CAM customized zirconia im-
plant abutments - clinical and patient-based out-
comes in a randomized controlled clinical trial. Clin
Implant Dent Relat Res 2017;19:74-84.

Valsan IM, Pauna MR, Petre AE, Oancea L. Biologic and
esthetic outcome of CAD/CAM custom ceramic im-
plant abutment: a clinical report. Maedica (Bucur)

https://jap.or.kr



Efficiency and geometric fidelity of library-selected anatomical prefabricated abutments and

J Adv Prosthodont 2025;17:392-405

stock abutments relative to custom CAD-CAM abutments in posterior implant restorations

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

2021;16:145-8.

Lops D, Parpaiola A, Paniz G, Sbricoli L, Magaz VR,
Venezze AC, Bressan E, Stellini E. Interproximal papil-
la stability around CAD/CAM and stock abutments
in anterior regions: a 2-year prospective multicenter
cohort study. Int J Periodontics Restorative Dent
2017;37:657-65.

Neves FD, Elias GA, da Silva-Neto JP, de Medeiros
Dantas LC, da Mota AS, Neto AJ. Comparison of im-
plant-abutment interface misfits after casting and sol-
dering procedures. J Oral Implantol 2014;40:129-35.
Park JM, Lee JB, Heo SJ, Park EJ. A comparative study
of gold UCLA-type and CAD/CAM titanium implant
abutments. J Adv Prosthodont 2014;6:46-52.

Edelhoff D, Schweiger J, Prandtner O, Stimmelmayr
M, Glth JF. Metal-free implant-supported single-tooth
restorations. Part I: abutments and cemented crowns.
Quintessence Int 2019;50:176-84.

Mello CC, Lemos CAA, de Luna Gomes JM, Verri FR,
Pellizzer EP. CAD/CAM vs conventional technique for
fabrication of implant-supported frameworks: a sys-
tematic review and meta-analysis of in vitro studies.
Int J Prosthodont 2019;32:182-92.

Canullo L, Micarelli C, lannello G. Microscopical and
chemical surface characterization of the gingival por-
tion and connection of an internal hexagon abutment
before and after different technical stages of prepara-
tion. Clin Oral Implants Res 2013;24:606-11.

Kim S, Choi C, Cha Y, Chang JS. The efficacy of con-
venient cleaning methods applicable for customized
abutments: an in vitro study. BMC Oral Health 2021,
21:78.

Gehrke P, Abazari C, Schlichter K, Fischer C, Duddeck
D, Romanos GE, Weigl P. Qualitative and semi-quanti-
tative assessment of processing-related surface con-
tamination of one- and two-piece CAD/CAM abut-
ments before and after ultrasonic cleaning. Materials
(Basel) 2020;13:3225.

Papaspyridakos P, Gallucci GO, Chen CJ, Hanssen S,
Naert |, Vandenberghe B. Digital versus conventional
implant impressions for edentulous patients: accura-
cy outcomes. Clin Oral Implants Res 2016;27:465-72.
Linkevicius T, Vindasiute E, Puisys A, Peciuliene V. The
influence of margin location on the amount of un-
detected cement excess after delivery of cement-re-
tained implant restorations. Clin Oral Implants Res

https://jap.or.kr

29.

30.

31.

2011;22:1379-84.

Staubli N, Walter C, Schmidt JC, Weiger R, Zitzmann
NU. Excess cement and the risk of peri-implant dis-
ease - a systematic review. Clin Oral Implants Res
2017;28:1278-90.

Araujo MG, Silva CO, Misawa M, Sukekava F. Alveolar
socket healing: what can we learn? Periodontol 2000
2015;68:122-34.

Hammerle CH, Tarnow D. The etiology of hard- and
soft-tissue deficiencies at dental implants: a narrative
review. J Clin Periodontol 2018;45:5267-S77.

405






