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Precision of measurement methods for assessing the fit of 
screw-retained implant-supported fixed partial dentures:  

A systematic review of in vitro studies
Zijing He, BS, MDS,a Vincent Bennani, DDS, PhD,b and Arthi Veerasamy, BDS, MHealSc, PhD, DClinDentc

The fit of implant-supported 
fixed prostheses is critical to 
achieving their long-term 
success.1–3 As a theoretical 
parameter for assessing the fit 
of implant prostheses, passive 
fit has been generally defined 
as a condition under which no 
stress or strain is exerted on 
the prosthetic components, 
implants, or peri-implant 
bone.4 However, in clinical 
practice, absolute passivity 
cannot be achieved when an 
implant superstructure is se
ated on implant abutments or 
directly on implants.5 Never
theless, it remains essential to 
evaluate and achieve an ac
curate fit for implant-sup
ported fixed prostheses 
because of the potential bio
logical and mechanical com
plications associated with 
misfit.1,5,6 Generally, a misfit 
threshold ranging from 10 to 
150 µm has been considered 
clinically acceptable to minimize the risk of biomecha
nical complications, despite the lack of international 
consensus and the broader range of misfit values re
ported in laboratory and clinical studies.1,6

An implant-supported fixed partial denture (FPD) can 
be either cement-retained or screw-retained.7 However, 
achieving passive fit is more challenging for screw-re
tained implant-supported FPDs than cement-retained 
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ABSTRACT 
Statement of problem. Considerable variability exists in the measurement methods for assessing 
the fit of screw-retained implant-supported fixed partial dentures (FPDs) because of the lack of 
standardization. Scientific evidence comparing the precision and reliability of various 
measurement methods remains limited.

Purpose. The purpose of this systematic review of in vitro studies was to evaluate the precision of 
various measurement methods for assessing the fit of screw-retained implant-supported FPDs.

Material and methods. An electronic search was conducted in MEDLINE (via Ovid), Embase (via 
Ovid), Scopus, and Web of Science for articles published between January 2020 and August 2025, 
with PubMed screened additionally for ahead-of-print records not yet indexed in MEDLINE. Eligible 
articles were selected based on predefined inclusion and exclusion criteria, and relevant data were 
extracted. The Quality Assessment Tool For In Vitro Studies (QUIN Tool) was used to evaluate the 
methodological quality of the included studies. The coefficient of variation (CV) was calculated to 
evaluate the precision of each measurement method.

Results. After screening and applying the eligibility criteria, 13 of the initial 1851 records were 
identified for inclusion. Quality assessment showed that 5 studies had a low risk of bias and that 8 
had a medium risk. All included studies evaluated the marginal fit of FPDs, with none assessing 
internal fit. Across these studies, 6 measurement techniques and 2 test conditions were used. 
Under the 1-screw test (OST), radiographic evaluation showed the lowest CV (13.7%), indicating 
the highest precision, while the profile projection exhibited the greatest variability (70.7%). Under 
the all-screws test (AST), optical microscopy demonstrated the greatest repeatability with a CV of 
20.5%, closely followed by 3-dimensional confocal laser scanning microscopy (3D CLSM) at 23.4%.

Conclusions. Most techniques showed greater repeatability under OST than AST. Radiographic 
evaluation was the most precise method under OST, while optical microscopy demonstrated the 
highest precision under AST. These findings offer valuable guidance for selecting measurement 
techniques to determine the fit accuracy of screw-retained implant-supported FPDs. (J Prosthet Dent 
2026;135:753.e1-e11)
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ones, as cement-retained prostheses are designed with a 
cement space, which can reduce the stresses resulting 
from less precise prostheses.3,7,8 In contrast, screw-re
tained frameworks do not benefit from a cement space 
or mobility, making them more sensitive to misfit.9

Additionally, an increased number of implants, greater 
angulation, and longer span length may contribute to a 
higher risk of misfit in implant components for screw- 
retained implant-supported FPDs.10,11

Prosthesis fit has been categorized as marginal fit 
and internal fit, typically assessed by measuring di
mensional discrepancies at the marginal and internal 
implant-framework interfaces.7,12,13 The gaps between 
the prostheses and implants can be measured using 
either 2-dimensional (2D) or 3-dimensional (3D) tech
niques, and the results provide a direct indication of the 
level of misfit.1,14 However, considerable variability ex
ists in the measurement methods for assessing the fit of 
screw-retained implant-supported FPDs because of the 
lack of standardization.15 Although a range of recent 
techniques have been used to inspect the dimensional 
discrepancy, including optical microscopy, stereomicro
scopy, scanning electron microscopy (SEM), and radio
graphic evaluation, their application in fit assessment 
remains substantially inconsistent.1,16 Screw-tightening 
tests used during the measurement process are another 
key procedural factor, as they determine the conditions 
under which gap values are obtained. The 1-screw test 
(OST) or the Sheffield test is efficient for the clinical 
evaluation of framework fit.2 However, some studies 
have used the all-screws test (AST) with all screws being 
tightened before the misfit is assessed.10,17,18 Consider
able variability in measurement methods across studies 
poses challenges for comparing the fit outcomes of 
screw-retained implant-supported FPDs. Although 
previous reviews have summarized various measure
ment techniques, the comparisons have been mainly 
descriptive,1 and comprehensive evaluations with 
quantitative analyses of the precision and reliability of 
recently developed methods are still lacking.

Therefore, the purpose of this systematic review was 
to synthesize the measurement methods recently used 
to assess the fit of screw-retained implant-supported 
FPDs and to quantitatively evaluate the precision of 
these methods by focusing on both measurement 

techniques and test conditions. The null hypothesis was 
that no difference would be found in the precision of 
measurement methods for assessing the fit of screw- 
retained implant-supported FPDs.

MATERIAL AND METHODS

This systematic review was conducted by following a pre
viously registered protocol with the International 
Prospective Register of Systematic Reviews (PROSPERO) 
database (CRD420251104509) and adhering to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.19 The focused question of the search 
was in a population, intervention, comparison, outcome 
(PICO) format: In screw-retained implant-supported FPDs 
(P), what is the precision (O) of different measurement 
methods for assessing fit (I/C)?

An electronic literature search was conducted for articles 
published from January 2020 to August 2025 in MEDLINE 
(via Ovid), Embase (via Ovid), Scopus, and Web of Science. 
In addition, PubMed was screened for ahead-of-print re
cords not yet indexed in MEDLINE. Based on the focused 
PICO question, the search strategy was developed with 
assistance from a librarian and included the following terms: 
("implant-supported") AND ( frame* OR bar OR pros
thes*) AND ( fit OR passivity OR "marginal adaptation" 
OR "internal adaptation" OR misfit OR discrepanc* OR 
gap*), with publication dates restricted to the period from 
January 2020 to August 2025. The search strategy was 
subsequently adapted to meet the indexing and syntax re
quirements of each database.

The retrieved literature records were collated in a 
reference management software program (EndNote 21; 
Clarivate Analytics). After the removal of duplicates, 2 
reviewers (Z.H., V.B.) independently screened the arti
cles through title, abstract, and full text based on the 
predefined inclusion and exclusion criteria (Table 1). 
Discussion and consensus with a third reviewer (A.S.) 
resolved disagreements. Authors, study types, sample 
size (N), units, number of implants, fixation, groups, fit 
assessment conducted, test conditions, measurement 
techniques used to assess fit, results, and the precision of 
measurement methods were extracted from each in
cluded study, synthesized, and tabulated. The coefficient 
of variation (CV) was calculated to indicate the precision 
of the measurement methods, computed as the standard 
deviation divided by the mean and expressed as a per
centage. This indicator reflected relative variability in
dependent of measurement scale, allowing comparisons 
across techniques.20 Furthermore, the weighted average 
CV was computed to account for differences in sample 
sizes across studies and to provide a more representative 
and comparable assessment of precision across mea
surement techniques and test conditions.20,21

Clinical Implications 
These findings support the use of radiographic 
evaluation and optical microscopy in both research 
and clinical settings where accurate assessment of 
marginal fit is essential. Selecting more precise 
methods may improve consistency in evaluating fit 
and contribute to improved prosthetic outcomes.
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A methodological quality assessment was performed for 
the included studies by using the Quality Assessment Tool 
For In Vitro Studies (QUIN Tool) evaluating 12 domains, 
including sample size justification, randomization, blinding, 
and outcome reporting on a weighted scoring system.22

Each selected study was independently evaluated by 2 re
viewers (Z.H., V.B.) based on 12 scored criteria. Following 
the developers’ recommendations, studies were classified as 
low risk (>70%), medium risk (50–70%), or high risk 

(<50%). Any disagreements were resolved through discus
sion or consultation with a third reviewer (A.S.).

RESULTS

The detailed search strategy and results are presented in 
Figure 1. Initially, the electronic search resulted in 1851 
publications (314 MEDLINE, 433 Embase, 335 Scopus, 

Table 1. Inclusion and exclusion criteria 
Inclusion Criteria Exclusion Criteria

Articles published in English Articles published in languages other than English
In vitro studies Case reports, technique reports, reviews, expert opinions, and non-randomized 

observational studies
Articles published from January 2020 to August 2025 Articles published prior to 2020
Studies evaluating the marginal or internal fit of screw-retained implant-supported FPDs 
before veneering, mechanical cycling, thermal cycling, or any additional treatments

Studies not involving screw-retained implant-supported FPDs, not assessing their 
marginal or internal fit, or assessing fit only after additional treatments

Articles with detailed measurement methodology and reported marginal or internal gap 
values

Articles lacking detailed measurement methodology or missing outcome data related 
to marginal or internal gaps

FPD, fixed partial denture.
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•  Design of prostheses

(n=7)
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Outcomes (n=6)

Studies sought for retrieval
(n=35)
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(n=35)

Studies included in review
(n=13)

Identification of studies via databases and registers

Figure 1. Flowchart illustrating literature search and selection process.
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300 PubMed, and 469 Web of Science). Following the 
removal of 1157 duplicates, 694 records were screened, 
and 659 records were then excluded after reading titles 
and abstracts, leaving 35 articles eligible for full-text 
review. Following a comprehensive full-text review and 
application of the inclusion and exclusion criteria, a total 
of 13 in vitro studies were included in the final analysis 
(Table 2).

The quality assessment using the QUIN tool is 
summarized in Table 3. All included in vitro studies 
scored at least 50%, indicating acceptable methodolo
gical quality. Among them, 8 were rated as having a 
medium risk of bias,5,9,10,23–25,27,28 and 5 as having a low 
risk.17,18,26,29,30 Each included study provided explicit 
objectives, details of the comparison group, a clear ex
planation of the methodology, and detailed descriptions 
of the outcome measurement methods and results. In 
medium-risk studies, the risk of bias primarily resulted 
from inadequately specified or unreported details related 
to sample size calculation, sampling technique, rando
mization, operator or assessor calibration, and blinding.

All 13 included studies evaluated the marginal fit of 
FPDs, with none assessing internal fit (Table 2). Among 
them, the most common restoration type was a 3-unit 
FPD supported by 2 parallel im
plants.5,9,10,17,18,23–25,27,29,30 Additionally, 1 study used 
FPDs supported by 3 implants,28 while another gener
ated 4-unit frameworks supported by 2 nonparallel 
implants.26 Regarding fixation methods, 3 of these stu
dies designed prostheses fixed directly to implants,9,10,27

while the other 10 retained the frameworks via abut
ments using screws.5,17,18,23–26,28–30 These variations in 
implant number, span length, and angulation may have 
partly affected the accuracy of fit assessment.

Regarding the dimensions of marginal misfit assessed, 
10 measured only the vertical gaps, while 3 assessed both 
vertical and horizontal gaps.5,28,30 Of these, 6 assessed 
marginal fit after both OST and AST,23,24,26–28,30 while 4 
performed measurements only after OST,5,9,25,29 and 3 
conducted only AST.10,17,18 The techniques used to assess 
marginal fit in these studies included radiographic evalua
tion,29 optical microscopy,23 3D confocal laser scanning 
microscopy (CLSM),30 SEM,10,27,28 stereomicro
scopy,9,17,18,24–26 and profile projection.5 The precision of 
these techniques under different test conditions was ranked 
based on weighted average CV (Table 4), and the overall 
ranking is illustrated in Figure 2. When employing OST, 
radiographic evaluation showed the highest precision, with 
the lowest weighted average CV of 13.7%, followed by 
optical microscopy, 3D CLSM, SEM, and stereomicroscopy. 
Using a profile projector exhibited the greatest variability, 
with the highest weighted average CV of 70.7%, indicating 
substantial inconsistency and limited reliability. After AST, 
the optical microscopy demonstrated the greatest repeat
ability and precision with a weighted average CV of 20.5%, 

followed closely by 3D CLSM with a weighted average CV 
of 23.4%, while SEM and stereomicroscopy showed higher 
variability, suggesting lower precision. Compared with AST, 
optical microscopy showed slightly lower repeatability 
under OST. In contrast, 3D CLSM demonstrated compar
able repeatability under both conditions, while SEM and 
stereomicroscopy exhibited greater repeatability under OST 
than AST, with stereomicroscopy showing the largest dif
ference.

DISCUSSION

The null hypothesis that no difference would be found in 
the precision of measurement methods for assessing the 
fit of screw-retained implant-supported FPDs was re
jected, as differences were observed among the various 
measurement techniques under different test conditions. 
For in vitro studies, a 3-unit framework supported by 2 
parallel implants was the most frequently adopted 
configuration because of its simplified design, reduced 
experimental variability, and high reproducibility, 
though it does not fully represent clinical complexity. 
However, more complex configurations of FPDs with 
nonparallel implants, increased implants, or longer 
spans have been less assessed, although they may better 
reflect clinical variability and allow a more comprehen
sive evaluation of the fit.26,28 Additionally, differences in 
fixation methods may have contributed to discrepancies 
during seating and evaluation. Metal frameworks fixed 
directly to implants involve fewer interfaces and require 
higher seating precision.9,10,27 In contrast, frameworks 
fixed to implants via abutments can offer greater toler
ance for implant angulation discrepancies and flexibility 
in material selection, making it easier to achieve clini
cally acceptable fit and esthetic outcomes.11

Most studies focused on measuring vertical gaps to 
assess the marginal fit, although the horizontal misfit 
has been reported to occur more frequently and may be 
more critical than the vertical misfit in implant-sup
ported fixed prostheses.14 Moreover, horizontal dis
crepancies are clinically important as they can generate 
uneven force distribution, leading to screw loosening, 
abutment stress, and even localized peri-implant bone 
loss.28,30 In long-span or nonparallel implant-supported 
prostheses, relying solely on vertical gap measurements 
risks overlooking these complications, and misfit may go 
undetected.16,30 Therefore, assessment combining ver
tical and horizontal gap measurement has been in
creasingly recognized as essential to provide more 
clinically relevant evidence on the marginal fit of im
plant-supported FPDs.5,28,30

Compared with marginal fit, internal fit plays a cru
cial role in stress distribution and the mechanical sta
bility of implant-supported fixed prostheses. Neglecting 
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internal fit may seriously underestimate risks, since poor 
internal adaptation can lead to significant micromove
ments, uneven and potentially damaging load transfer to 
screws and abutments, and biological complications 
such as peri-implant bone resorption.1,12 Without eval
uating the internal fit, assessments of implant-supported 
fixed prosthesis reliability remain fundamentally in
complete. Nevertheless, none of the in vitro studies in
cluded in this review assessed internal fit for screw- 
retained implant-supported FPDs, highlighting the 
scarcity of such assessments.

The present review focused specifically on the test 
conditions and measurement techniques used, as they 
are key determinants of measurement reliability and 
study comparability. For test conditions, while OST may 
reveal misfits more clearly under controlled laboratory 
conditions,1,2 AST better simulates the prosthesis under 
everyday function, where all screws are tightened.10

Moreover, AST highlights whether the prosthesis can 
withstand long-term loading without complications 
such as screw loosening or framework strain.10,17,18

Therefore, compared with dimensional discrepancies, 
measuring the induced stress and strain has been con
sidered more representative for evaluating the degree of 
misfit after AST.1 However, relying solely on AST may 
result in overestimating the apparent fit of a framework, 
since all screws are tightened during measurement. The 
combination of OST and AST can provide more com
prehensive and clinically relevant evidence of the fit for 
screw-retained implant-supported FPDs.

Despite the present review focusing on precision, the 
choice of measurement technique also needs to account 

for clinical practicality. As a clinical method, radio
graphic evaluation has been widely applied because of 
its accessibility, high consistency, and practical ease of 
use.1,29 In contrast, stereomicroscopy and SEM have 
been frequently used in the laboratory because of their 
high magnification and ability to provide detailed as
sessments.9,10,17,18,24–28 Nevertheless, factors such as 
sensitivity to positioning errors and complex sample 
preparation may reduce measurement consistency, po
tentially affecting the reliability of fit evaluation.1,9,10

Although profile projection has also been applied for 
measuring marginal gaps, the technique is highly sen
sitive to setup parameters, projection quality, and op
erator variability, leading to compromised precision.5

Compared with these techniques, optical microscopy 
allows a relatively straightforward procedure, which may 
contribute to its good repeatability and high precision in 
measurement.1,23 However, regardless of the precision 
of these 2D techniques, they remain limited in assessing 
3D discrepancies and angular misfits. In contrast, 3D 
CLMS is nondestructive, capable of evaluating 3D geo
metry, and has been applied in dentistry for dental 
surface analysis.30 Although Tonin et al30 used 3D 
CLSM for fit assessment, they measured only horizontal 
(x-axis) and vertical (y-axis) misfit, which suggests that 
their results may reflect essentially 2D measurements 
rather than a truly comprehensive 3D assessment.

While CV allows comparisons of relative variability 
across techniques with different measurement scales, it 
can be influenced by low mean values, which may ex
aggerate variability for techniques producing small 
marginal gap measurements.20 Therefore, a weighted 

Table 4. Precision ranking of measurement techniques under different test conditions for assessing marginal fit 
OST AST

Rank Techniques Sample Size, 
Total (N)

Weighted Average 
CV (%)

Rank Techniques Sample Size, 
Total (N)

Weighted Average 
CV (%)

1 Radiographs 32 13.7 Not assessed (no available studies)
2 Optical microscope 33 22.4 1 Optical microscope 33 20.5
3 3D CLSM 100 23.4 2 3D CLSM 100 23.4
4 SEM 50 25.6 3 SEM 80 30.2
5 Stereomicroscope 144 32.8 4 Stereomicroscope 130 45.7
6 Profile projector 20 70.7 Not assessed (no available studies)

AST, all-screws test; CLSM, confocal laser scanning microscope; CV, coefficient of variation; OST, 1-screw test; SEM, scanning electron microscope; 
3D, 3-dimensional.

Test conditions Ranking of techniques

OST Radiographs>Optical microscope>3D CLSM>SEM>Stereomicroscope>Profile projector

AST Optical microscope>3D CLSM>SEM>Stereomicroscope

Figure 2. Ranking of techniques used for marginal fit assessment. AST, all-screws test; CLSM, confocal laser scanning microscope; CV, coefficient of 
variation; OST, 1-screw test; SEM, scanning electron microscope; 3D, 3-dimensional.
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average CV was calculated by incorporating sample sizes 
to provide a more representative assessment of precision 
across various techniques.20,21 While a ranking of mea
surement methods was proposed based on these in
dicators (Fig. 2), variations in study protocols and 
different levels of risks of bias across the included stu
dies suggest methodological limitations, making direct 
comparisons challenging. Study protocols varied across 
the included studies because of the persistent lack of 
standardization in fit assessment for screw-retained 
implant-supported FPDs.15 Beyond test conditions and 
measurement techniques, substantial variability was also 
present in other aspects, including sample size, frame
work configuration, and measurement settings such as 
magnification, measurement sites, and number of re
peated measurements. Moreover, certain techniques, 
including radiographic evaluation, 3D CLSM, and pro
file projection, were each used in only a single study, 
resulting in uncertainty regarding their relative precision 
in assessing the fit. Therefore, these sources of hetero
geneity indicate that comparisons among the different 
measurement methods must be interpreted with 
caution.

The present review focuses on measurement methods 
that evaluated fit exclusively from a dimensional gap per
spective, whereas other relevant fit-related outcomes, such 
as strain and stress distribution, were not addressed. 
Additionally, the results were derived from in vitro studies, 
with measurements performed before subsequent proce
dures such as veneering, thermal cycling, or mechanical 
loading, which may limit their clinical relevance. Future 
research should achieve consensus on clearly defined and 
standardized protocols for the fit assessment of screw-re
tained implant-supported FPDs. Also, the accuracy and 
precision of various measurement methods for assessing fit 
need to be evaluated in rigorously uniform and clinically 
relevant study designs.

CONCLUSIONS

Based on the findings of this systematic review, the 
following conclusions were drawn: 

1. The techniques used for fit assessment included 
radiographic evaluation, optical microscopy, 3D 
CLSM, SEM, stereomicroscopy, and profile projection.

2. All evaluated techniques focused on assessing the 
marginal fit of FPDs, with none addressing the 
internal fit, in the studies included in this review.

3. Assessments were primarily performed by using 
OST or AST, with most measurement techniques 
demonstrating better repeatability under OST 
compared with AST.

4. Radiographic evaluation was the most precise 
technique under OST, whereas optical microscopy 

was the most precise under AST. 3D CLSM, SEM, 
and stereomicroscopy showed lower precision 
under both conditions, and the profile projection 
exhibited the greatest variability under OST.
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