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Purpose: To compare two different impression techniques for implants in totally edentulous patients.
Materials and methods: A total of 38 patients had impressions taken both using plaster and splinted 
vinyl polysiloxane (splinted-VPS). Two casts per patient were generated and allocated as test 
 (plaster) and control (splinted-VPS) cast groups according to a randomised cross-over design. One 
of the two casts from each patient was randomly selected as master cast according to a parallel-
group design and used to fabricate the definitive prosthesis. Outcome measures were implant and 
prosthetic success rates, complications, marginal bone level (MBL) changes, patient satisfaction, chair 
time required to take the impressions, inter-implant discrepancy between the casts, sulcus bleeding 
index (SBI) and plaque score (PS).
Results: In total, 76 impressions were taken in 38 patients. Two plaster impressions failed. Further-
more, 38 computer-aided design/computer-assisted manufacturing screw-retained complete-arch 
prostheses were fabricated onto the master cast (18 from plaster and 20 from splinted-VPS impres-
sions) and the patients were followed up for 3 years after loading. No drop-out occurred and no 
implants or prostheses failed, accounting for a cumulative implant and prosthesis survival rate of 
100% over the 3-year post-loading period. Plaster impressions yielded significantly greater patient 
satisfaction and shorter chair time. The discrepancy between the casts was 0.055 ± 0.067 mm 
(P = 0.931). Mixed model analysis revealed a significant main effect from both the implant number 
and the inter-implant distance, while no difference was found with regard to implant angulation. Five 
chip-off fractures of the porcelain veneer occurred in 5 of the 38 patients (3 in restorations fabricated 
onto the plaster cast group and 2 in the splinted-VPS cast group) with no effect from the type of 
impression on the prosthetic success rate (P = 0.331). However, all of the patients were functionally 
and aesthetically satisfied with their prostheses. Furthermore, mean MBL, SBI and PS showed no sig-
nificant differences (P > 0.05) between the groups.
Conclusions: The clinical outcome of plaster impressions for completely edentulous patients was 
found to be the same as that for splinted-VPS impressions. The intraoral pre-scan resin framework 
try-in can be avoided. Plaster impressions may be less time consuming and thus more comfortable 
for the patient, but sometimes may have to be repeated due to fractures.
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there were no commercial or institutional interests.
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 Introduction

An accurate and passive fit of the prosthesis has 
been suggested to be a clinical prerequisite for the 
long-term success of implant treatment1-3. Osseo-
integrated implants are rigidly connected to the host 
bone, lacking the inherent resilience of the periodon-
tal ligament4. Misfit of the implant framework may 
result in an accumulation of bending moments and 
loading stresses, causing possible mechanical (loss of 
retention, fracture of the veneering material, screw 
loosening and framework fracture) as well as bio-
logical (bone remodelling, microdamage and loss of 
osseointegration) complications1-10.

Horizontal fit discrepancy leads to bending 
stresses in the implant system, contributing to a major 
proportion of the distortion and biomechanical com-
plications of prostheses8. Vertical fit discrepancies 
render the screws vulnerable to fatigue fractures and 
loosening because the preload is used to bring the 
matching surfaces at the prosthetic interface closer 
together8,10. This problem could be critical because 
the vertical direction of the distortion may be more 
likely to introduce preload in the implant8.

The accuracy of fit of an implant prosthesis is 
affected by many variables, including the current 
impression techniques9, impression materials8,10, 
master cast pouring techniques11 and framework 
fabrication11-14. Furthermore, additional implant 
features (number, depth, angulation and connec-
tion type) may indirectly affect the accuracy of the 
impression15,16. Nevertheless, the impression tech-
nique remains one of the most important factors 
determining the accuracy of the implant impres-
sion9.

There is no universally accepted clinical defini-
tion of passive fit4,17. Some authors have defined 
passive fit as the absence of strain development fol-
lowing framework fixation4. Others have considered 
a framework to be passively fitting when the gap 
between the framework and the abutment ranges 
between 10 μm and 150 μm2,8.

Several time-consuming laboratory techniques 
have been proposed to achieve the most accurate 
clinical fit for metal implant frameworks; these 
include sectioning and soldering, laser welding, 
spark erosion with an electronic discharge machine 
(EDM), and bonding the framework to prefabricated 

cylinders or copings10,14. By facilitating the fabrica-
tion of implant frameworks milled from one piece of 
a homogeneous material, computer-aided design/
computer-assisted manufacturing (CAD/CAM) 
technology has overcome the problems of frame-
work distortion and inaccuracy associated with con-
ventional lost wax and casting techniques10,18-21. 
For the latter, there is an abundance of literature on 
CAD/CAM single crowns, fixed dental prostheses 
(FDPs) and complete-arch prostheses22-27. Never-
theless, the potential accuracy of modern CAD/
CAM manufacturing cannot be optimised without 
an accurate impression procedure, which is neces-
sary for transferring details of the patient’s anatomy 
and the positions of the implants onto the master 
cast28-31.

Recording the exact three-dimensional (3-D) 
positions of the implants is mandatory to deliver an 
accurately fitting prosthetic framework. Various im-
plant impression techniques and materials are cur-
rently in daily practice. Square-shaped impression 
copings in combination with a custom-made open 
tray (the pick-up impression technique) have been 
recommended32-36 as superior to tapered impres-
sion copings and stock impression trays35-38. Never-
theless, the necessity of splinting the impression 
copings has been demonstrated in several investiga-
tions5,7,11,39-41. Brånemark2 stated that the implant-
splinted technique is more accurate than the non-
splinted technique. Furthermore, low-shrinkage 
auto-polymerising acrylic resin and impression plas-
ter are significantly more accurate splinting mater-
ials than dual-polymerising acrylic resin7,9,16,37,40,42. 
Despite some authors’ recommendations of plaster 
impressions for fully edentulous patients due to their 
satisfactory surface detail and excellent dimensional 
stability30,37, this technique has not gained popular-
ity among clinicians, most likely due to the handling 
difficulties associated with overcoming anatomical 
undercuts. Therefore, polyether (PE) and vinyl poly-
siloxane (VPS) have been recommended for implant 
impressions9.

The aim of this study was to compare the inter-
implant discrepancy of casts poured using two dif-
ferent implant impression techniques for completely 
edentulous patients. In addition, this study aimed 
to assess the 3-year survival and success rates of 
implant-supported CAD/CAM zirconia and titanium 
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screw-retained complete-arch prostheses, patient 
satisfaction and the chair time required to take the 
impressions. The null hypothesis was that there 
would be no difference in the inter-implant discrep-
ancy of casts produced using the two investigated 
procedures. This null hypothesis was tested against 
the alternative hypothesis of differences between 
the study arms. This trial was reported in accord-
ance with the CONSORT statement for improving 
the quality of reports of randomised controlled trials 
(http://www.consort-statement.org/)43.

 Materials and methods

This study was designed as a randomised controlled 
trial. Any patients of both sexes aged 18 years or 
older with complete edentulism in at least one jaw 
who required a CAD/CAM screw-retained complete-
arch prosthesis were consecutively enrolled in this 
study. The following inclusion criteria were applied:
• the provision of informed consent
• full-mouth bleeding on probing and a full-mouth 

plaque index both lower than or equal to 25%
• a residual alveolar bone crest adequate for the 

placement of implants at least 10 mm long and 
4 mm wide

• presence of teeth or dentures in the opposite jaw 
with a stable occlusal relationship. 

Exclusion criteria:
• general medical (American Society of Anesthesi-

ologists, class III or IV44) and/or psychiatric con-
traindications

• pregnancy or nursing 
• severe bruxism or other destructive habits
• radiation therapy to the head or neck region in 

the previous 5 years
• untreated periodontitis
• poor oral hygiene and motivation
• inability to attend regular follow-up visits 
• an Implant Stability Quotient (ISQ) of <65 at the 

time of the definitive impression45.

This investigation assessed the implant casts that had 
been fabricated during the prosthetic rehabilitation 
of edentulous patients treated in the Department 
of Oral Rehabilitation at the University of Rome Tor 

Vergata between October 2007 and July 2010. All 
patients understood and signed a written informed 
consent form to be recruited in this trial. The study 
was conducted according to the principles of the 
Helsinki Declaration for biomedical research in-
volving human subjects. Institutional review board 
approval was obtained from the Tor Vergata Uni-
versity Human Subjects Review Committee (49/06).

Each patient received one of two different im-
plant types (Brånemark System Mk III or Nobel-
Speedy Groovy, Nobel Biocare, Kloten, Switzerland) 
with the same flat-to-flat implant–abutment inter-
face, a 0.7 mm-high external hexagonal connection 
and a moderately rough, highly crystalline and phos-
phate-enriched titanium oxide surface (TiUnite). The 
implants were placed by means of conventional and 
computer-guided template-assisted surgery (Nobel-
Guide, Nobel Biocare). All of the procedures were 
performed in accordance with the surgical and pros-
thetic protocols recommended by the manufac-
turer, with no deviations from the original protocol. 
Four months after implant placement, the ISQ was 
determined by means of the Osstell® Mentor device 
(Osstell, Göteborg, Sweden). Measurements were 
performed twice in each direction: one buccopalatal 
from the buccal side and one mesiodistal from the 
mesial side, and the mean was recorded. A new ISQ 
plug (SmartPeg, Osstell) was used for each patient. 
New squared implant-level impression copings were 
connected using the Torque Controller (Torq Con-
trol, Anthogyr, Sallanches, France) at the 15 Ncm 
torque setting. To verify the proper fit between the 
impression copings and the implants, standardised 
digital periapical radiographs (Kodak Digital Imaging 
Software 6.11.7.0, Kodak, Eastman Kodak, Roch-
ester, NY, USA) were obtained using a radiographic 
holder (Rinn Centrator Bite, Dentsply Rinn, Elgin, IL, 
USA) and the paralleling technique.

Each patient randomly received two different 
types of impressions according to a crossover study 
design. The second impression was taken 1 week 
after the first. All of the impressions were taken at 
implant level with anatomically customised light-
curing acrylic impression trays (Elite® LC tray, Zher-
mack®, Badia Polesine, Rovigo, Italy) fabricated 
onto a preliminary cast derived from an irreversible 
hydrocolloid impression taken with a stock metal 
impression tray. 
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The plaster impression was either made with plas-
ter (Snow White Plaster no. 2, Kerr, Orange, CA, USA) 
or with silicone material (Aquasil Putty DECA™ and 
Aquasil Ultra LV/XLV Regular Set, Dentsply Interna-
tional, Caulk, Milford, DE, USA) (Fig 1a). A disassem-
bled custom light-curing acrylic impression tray was 
used to splint the implants and capture the intraoral 
anatomy. The first part of the disassembled custom 
tray was composed of a box for the plaster material 
(Fig 1b) that was modelled to wrap the impression 
copings without engaging the bone undercuts. The 
second part (Fig 1c) consisted of an individual border-

moulded tray for the VPS material that was varnished 
with a VPS tray adhesive 15 min before the impres-
sion was taken. The plaster was mixed according to 
the manufacturer’s instructions, using a vacuum mixer 
to achieve a homogenous and bubble-free impres-
sion material. Subsequently, a 5 ml plastic dispos-
able syringe was used to inject the plaster around the 
impression copings (with the screw heads remaining 
uncovered) and into the box to splint the implants 
and record the residual ridge anatomy. After 4 min of 
setting, the main tray for the VPS material was tried 
onto the box to assess any interference. Next, the 
light-bodied VPS material was injected all around and 
underneath the plaster box to fill the voids between 
the plaster and the mucosa. Simultaneously, the putty 
VPS material, mixed using a Duomix dynamic mix-
ing machine (Dentsply International), was injected 
into the main tray seated into the mouth, leaving the 
screw heads uncovered.

The splinted vinyl-polysiloxane impression was 
made by first splinting the impression copings with 
segments of a 0.019 × 0.025 inch stainless steel 
orthodontic wire and a flowable, light-curing, low-
shrinkage stress acrylic resin (Primopattern LC gel, 
Primotec, Bad Homburg, Germany) (Fig 2). Subse-
quently, the light-bodied VPS material was injected 
all around the copings, and the putty was mixed in a 
Duomix dynamic mixing machine and was dispensed 
into the customised light-curing acrylic impression 
tray that had been varnished with a VPS tray adhe-
sive 15 min before the impression was created. 
Finally, the impression tray was maintained in the 
patient’s mouth for 4 min of setting time.

Fig 1  a) Plaster 
impression and disas-
sembled custom tray, b) 
the box for the plaster 
material (first part), c) 
the individual border-
moulded tray for the 
VPS material (second 
part).

a

c

b

Fig 2  Splinted-VPS impression: one-on-one implant splint-
ing using a flowable light-curing acrylic resin and orthodon-
tic wires (clinical procedure).
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Standardised laboratory procedures were per-
formed for all of the interventions. The overall 
stability of the impression copings was individually 
tested by tapping or rocking with a hand instru-
ment with a 35× magnification (SMZ1B microscope, 
Nikon Instruments, Calenzano, Florence, Italy) to 
determine the eligibility of each impression. Subse-
quently, new implant replicas were carefully screwed 
into the squared transfer copings using a Torque 
Controller (Torq Control) at the 15 Ncm setting, with 
the coping secured with a clamp. Laboratory sili-
cone for gingival reproduction (Gingifast, Zhermark, 
Badia Polesine, Rovigo, Italy) and vacuum-mixed, 
low-expansion (0.09%), type IV dental stone (GC 
Fujirock EP, GC Europe N.V., Leuven, Belgium) were 
used according to the manufacturers’ instructions to 
pour all of the casts. A conventional single pouring 
technique11 was used, and the stone was vibrated 
into the impression. The stone casts were allowed to 
set for 2 h before separation from the impressions. 
Casts obtained via both impression techniques were 
compared, resulting in a test cast group (generated 
from plaster impressions) and a control cast group 
(generated from splinted-VPS impressions).

One of the two casts from each patient was ran-
domly selected as the master cast according to a 
parallel group study design. One dental technician 
trained in CAD/CAM technology fabricated all of the 
implant-level, screw-retained try-in frameworks on 
the master casts from a light-curing, low-shrinkage 
acrylic resin (Primopattern LC gel, Primotec) after 
connecting standard titanium abutments/cylinders 
(Nobel Biocare) onto the external hexagon connec-
tions of the implants. To indirectly verify the master 
cast’s accuracy, the implant-level try-in frameworks 
were clinically and radiographically tested in the 

patient’s mouth by evaluating periapical radio-
graphs taken according to the paralleling technique 
with a radiograph holder, tightening individual fix-
ation screws at 15 Ncm with the others remaining 
unscrewed (Sheffield one-screw test, SO-ST). The 
clinical accuracy of the casts was assessed via estab-
lished criteria, such as strain-free screwing and the 
absence of an open margin upon clinical and radio-
graphic examination31,46-49.

All of the implant-level CAD/CAM screw-
retained complete-arch prostheses were fabricated 
on the master casts following a recently published 
manufacturing protocol50. The interim restorations 
were used to transfer the vertical dimension of occlu-
sion to a fully adjustable articulator. The prosthetic 
volume and related aesthetic and phonetic infor-
mation established during a healing period of 3 to 
4 months were gathered from the temporary pros-
thesis using a silicone putty index. A cross-mounting 
technique was used to articulate the opposite arch 
cast with the interim restoration screwed onto the 
master cast by means of an interocclusal jig. The 
functionally established anterior guidance of the 
patient provided by the provisional restoration was 
recorded to customise the anterior articulator guide 
table51.

Before delivery, all of the prostheses had been tried 
in on both the master and control casts to indirectly 
assess the cast accuracy using a Nikon microscope 
(Nikon Instruments) at 35× magnification (Figs 3a 
and 3b). Furthermore, at the time of definitive pros-
thesis delivery, the SO-ST was performed chairside 
(Fig 4) following the aforementioned criteria. Two 
independent and blinded assessors performed the 
laboratory (BS) and radiographic examinations (AV), 
respectively. The occlusion was adjusted and the 

Fig 3  Evaluation of the 
accuracy and passive fit 
of CAD/CAM frame-
works, fabricated onto 
master casts derived 
from plaster impressions 
on titanium (a) and zir-
conia (b) frameworks.

ba
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prostheses were screwed according to the manu-
facturer’s instructions. Mutually protected occlu-
sion with anterior guidance or balanced occlusion 
was used in cases of opposing natural dentition or 
a fixed prosthesis and complete removable denture, 
respectively. Fifteen days after prosthesis delivery, a 
definitive occlusal adjustment was performed and a 
rigid acrylic night guard was delivered to protect the 
veneering porcelain from occasional parafunctional 
habits in cases of fixed opposite dentition. Follow-
up visits were scheduled for 1, 2 and 4 months after 
implant insertion and annually up to 3 years of func-
tion. The patients underwent a professional cleaning 
by a dental hygienist every 4 to 6 months. Periapical 
radiographs were obtained annually after definitive 
prosthesis delivery (Fig 5) with the same customised 
Rinn® holder (Rinn, Elgin, IL, USA).

The primary outcome measures were the success 
rates of the implants and prostheses, any complica-
tions, and patient satisfaction. A blinded assessor 
recorded all of the measurements and gathered the 
related data (AV), which were statistically analysed 
for differences between the groups.
• Implant failure: an implant was considered a fail-

ure if it presented any mobility when tested by 
tapping or rocking the implant head with a hand 
instrument, and/or any signs of radiolucency 
and/or fracture on an intraoral radiograph taken 
with the paralleling technique strictly perpendic-
ular to the implant–bone interface. The implant 
stability was assessed at initial loading and after 
3 years in function with the prostheses removed.

• Prosthesis failure: a prosthesis was considered a 
failure if it needed to be replaced by an alterna-
tive prosthesis.

• Complications: any biological (pain, swelling, 
suppuration, etc.) and/or mechanical compli-
cation (fracture of the framework and/or the 
veneering material, screw loosening, etc) was 
considered.

• Patient satisfaction was evaluated immediately 
after the impressions and 3 years after the deliv-
ery of the definitive prosthesis. Immediately after 
the impressions, the patients were asked to pro-
vide an overall personal satisfaction score regard-
ing both procedures on a visual analogue scale 
(VAS). The patients marked their opinions on a 
100 mm scale between 0 (minimal agreement or 
minimal experienced) and 100 (maximal agree-
ment or maximal experienced). Three years after 
prosthesis delivery, the patients were asked to 
complete the following questionnaire:
–  Are you satisfied with the function of your 

implant-supported prosthesis (yes/no)?
–  Are you satisfied with the aesthetic outcome 

of your implant-supported prosthesis (yes/no)?
–  Have you had any problems with your prosthe-

sis in the last year (yes/no)?

Secondary outcome measures were peri-implant 
marginal bone level changes, the inter-implant dis-
crepancy of casts between groups compared using 
an optical scanner to determine the inter-implant 
discrepancy, overall chair time required to take 
the impressions, sulcus bleeding index and plaque 
score.
• Peri-implant marginal bone level changes were 

assessed at implant placement and at the 3-year 
follow-up visit using intraoral digital periapical 
radiographs obtained using the paralleling tech-

Fig 4  Peri-apical 
radiographs showing 
the fit between the 
implant and framework, 
fabricated onto a master 
cast derived from a 
splinted-VPS impression, 
during the Sheffield 
one-screw test. 
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nique and a customised radiograph holder. All of 
the readable radiographs were evaluated using 
an image analysis program (Kodak Digital Im-
aging Software 6.11.7.0, Eastman Kodak). The 
software had been calibrated for each image 
using the known distance of the implant diam-
eter. The distance from the most coronal margin 
of the implant collar to the top of the bone crest 
was defined as the bone crest level (BCL). The 
average radiographic values of the mesial and 
distal measurements were determined for each 
implant at the time of implant placement and 
then 3 years later. The measurements were per-
formed to the nearest 0.01 mm. The difference 
between the mean BCL measurements at the 
time of prosthesis delivery and after 3 years in 
function was defined as the marginal bone level 
change (MBL).

• The distances between the implant replicas were 
measured onto each definitive cast (master and 
control) using a commercially available dental 
scanner based on conoscopic holography tech-
nology (NobelProcera Scanner, Nobel Biocare) 
coupled with dedicated software (NobelProcera 

Software, Nobel Biocare). Conoscopic holog-
raphy scanning technology is a valid option to 
supplement dental touch-probe scanners for the 
laboratory digitisation of implant master casts52. 
This technology projects and reflects light beams 
from the shape of a complex scanned object 
along the same linear pathway. This collinear-
ity measures steep angles and deep cavities for 
precision scanning. The scanner was calibrated 
before each scan using a dedicated calibration 
ball (NobelBiocare) according to the manufactur-
er’s instructions. Subsequently, special geometric 
scan abutments (Implant Position Locator, IPL, 
Nobel Biocare) were placed onto each implant 
replica of the master cast (Figs 6a and 6b) and 
then digitised. The locator scan abutment was a 
cone-shaped titanium component with a flat top 
that could capture the 3-D spatial orientation of 
the implant. The bottom part was a screw joint 
that was compatible with the implant replica to 
be measured. Next, the same scan adapters were 
placed on the control cast and digitised again. 
Because of the known IPL dimensions, the soft-
ware was able to calculate the orientation of the 

Fig 5  Radiographic examination at the 3-year follow-up visit of a CAD/CAM screw-retained prosthesis fabricated onto a master cast derived from a 
plaster impression.

ba

Fig 6  a) NobelProcera 
Scanner, b) details of 
the master cast with 
special geometric scan 
abutments (Implant 
Position Locator, IPL, 
Nobel Biocare) during 
scanning.
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implant replica on the master cast. The distances 
from the external hexagon vertices (measured 
at the implant platform level) of each implant 
to the nearest external hexagon vertices of the 
adjacent and opposite implants (the I-I distance) 
were measured and statistically analysed (Fig 7). 
Each measurement was obtained to the nearest 
0.001 mm and was verified from different 3-D 
perspectives (Fig 8).

• The time needed to create impressions, from the 
screwing of the last impression coping to the 
removal of the impression, was calculated using 
a digital clock with a liquid crystal display.

• The sulcus bleeding index (SBI) around the im-
plant–abutment interfaces was assessed at the 
3-year examination using a plastic periodontal 
probe (Plast-o-Probe, Dentsply Maillefer, Bal-
laigues, Switzerland) after removing the pros-
thesis. The SBI was evaluated at 4 sites around 
each implant (mesial, distal, buccal and lingual) 
according to the Mombelli Index (Mombelli & 
Lang, 1998): the bleeding elicited 20 s after the 
careful insertion of a periodontal probe 1 mm 
into the mucosal sulcus, parallel to the abutment 
wall, was assessed (0 = no bleeding, 1 = spot 
bleeding, 2 = linear bleeding and 3 = spontan-
eous bleeding). 

• The plaque score (PS), defined as the presence 
of plaque (yes/no) on the abutment–restoration 

complex, was measured by running a periodontal 
probe (PCP15, Hu-Friedy, Chicago, IL, USA) par-
allel to the abutment surfaces, and scored at one 
site for each implant. 

The first part of this study assessed the implant 
casts that had been poured during the fabrication 
of CAD/CAM complete-arch prostheses according 
to a randomised crossover study design. Using a 
computer-generated restricted randomisation list 
(Random Number Generator Pro 1.91 for Windows, 
Segobit Software, http://www.segobit.com/), the 
patients were assigned to receive one of the two 
types of impression as their first treatment and the 
other one as their second treatment, 1 week later. 
The randomised codes designated as ‘plaster’ and 
‘VPS’ were enclosed in sequentially numbered, 
identical, opaque, sealed envelopes. Envelopes were 
opened sequentially only after the screwing of the 
last impression coping. The second part of this study 
was designed as a randomised parallel-group clin-
ical trial. A second computer-generated restricted 
randomisation list created as previously described 
was used to allocate the master casts (divided into 
splinted-VPS and plaster impressions by equal num-
bers of 19) and was sealed in sequentially num-
bered, identical, opaque envelopes. An independ-
ent consultant prepared all of the envelopes, which 
were opened immediately after cast fabrication by 

Fig 7  The inter-implant 
measurements were 
recorded through a 
line joining the nearest 
external hexagon verti-
ces of the adjacent and 
opposite implants: axial 
and frontal views.

Fig 8  The inter-
implant measurements 
were recorded from 
the external hexagon 
vertices measured at the 
implant platform level of 
each implant between 
two easily available and 
reproducible points under 
high magnification.
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a blinded dental technician who was not previously 
involved in the study. The randomised codes were 
designated as ‘plaster master’ and ‘plaster control’. 
The allocation of the casts was blinded during the 
entire study. The blinded consultant classified and 
delivered the master casts in such a way that neither 
the operators (restorative dentists or specialist den-
tal technician) nor the patients were aware of the 
cast used for the framework fabrication.

A descriptive analysis was performed using the 
mean ± standard deviation (SD) (SPSS for Win-
dows version 18.0; SPSS, Chicago, IL, USA). An a 
priori independent sample of 55 I-I distances was 
calculated with G* Power 3.1.3 for Mac OS X (ver-
sion 10.7.2); effect size f2 = 0.15, error probability 

 = 0.05 and power = 0.8 (1 – ß error probability).
A mixed model analysis (restricted maximum like-

lihood, REML) was performed to compare the results 
of the two interventions with regard to the I-I dis-
tances between the cast groups (n = 292). The main 
effects of implant number and angulation, as well 
as their distances, were analysed using a univariate 
analysis of variance (full factorials, univariate general 
linear model). The I-I distance was the statistical unit.

Chair time, results of the VAS score and all the 
clinical outcomes (MBL, SBI and PS) were compared 
using an independent-samples t test. The patient 
was the statistical unit. The potential effect of the 
type of impression/material on the prosthesis success 
rate was assessed using the Fisher exact test. The 
rationale for choosing the Fisher exact test was its 
appropriateness for small sample sizes of categorical 
variables.

The null hypothesis was that there would be no 
difference between the interventions with regard to 
their I-I measurements. All of the statistical com-
parisons were conducted with a 0.05 level of sig-
nificance.

 Results

A flow diagram of the phases of the trial is shown 
in Figure 9. A total of 38 edentulous patients re-
quiring a CAD/CAM implant-supported complete-
arch prosthesis (Zirconia or Titanium Implant Bridge, 
Nobel Biocare) were screened for inclusion in the 
study. A total of 76 impressions were taken. Two 

plaster impressions showed mobility in the associ-
ated copings due to a plaster fracture and they were 
not eligible to be poured, hence, a total of 74 casts 
were poured. The patients that experienced plaster 
impression fractures were excluded from the cast 
comparison and they received definitive prostheses 
fabricated onto the splinted-VPS impression. As a 
consequence, 36 plaster casts and 36 splinted-VPS 
casts were compared according to the investigated 
procedures. Furthermore, all 38 patients were clin-
ically treated and the results were analysed in the 
statistical analyses. One cast per patient was to be 
randomly allocated as the master cast, however, 
because of 2 fractured plaster impressions, 2 patients 
could not have their impressions randomised and the 

Fig 9  A flow diagram of the phases of the trial.
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remaining casts were used according to an intention-
to-treat analysis. This resulted in an unequal num-
ber of plaster (n = 18) and splinted-VPS master casts 
(n = 20) used to fabricate the definitive prostheses. 
For each treatment, 4 to 10 external-hex dental 
implants were placed in the planned anatomic sites 
(mean 6.2 implants per patient), resulting in a total 
of 234 dental implants (28 Brånemark System Mk III 
and 206 NobelSpeedy Groovy, Nobel Biocare). One 
patient was rehabilitated with 4 axial implants placed 
in the interforaminal area; 12 patients were rehabili-
tated according to the original All-on-4 protocol53. 
The remaining 25 patients were rehabilitated with 5 
(n = 3), 6 (n = 9), 8 (n = 8), 9 (n = 1) and 10 (n = 4) 
implants per arch. A total of 210 axial and 24 angu-
lated implants were placed. The mean (SD) value 
of tilted implants was 34.8 degrees (±3.94; 95% CI 
33.07–36.53 degrees). No patient dropped out and 
no deviations from the original protocol occurred. 
No implant was lost, and all of the prostheses were 
in situ at the time of examination, accounting for a 
cumulative implant and prosthesis survival rate of 
100% 3 years after insertion (Figs 10a and 10b). 
The main baseline demographic data and interven-
tion characteristics for each group are presented in 
Tables 1 and 2.

All of the CAD/CAM frameworks were clin-
ically accurate and structurally intact. The following 
complications occurred: 5 chip-off fractures of the 
porcelain veneer occurred in 5 of the 38 patients. 
Three chip-off fractures were reported on the pros-
theses fabricated onto the plaster group casts; the 
other 2 fractures were reported in the splinted-VPS 
group casts. No prosthesis replacements were neces-
sary. Two of the 5 fractures were polished intraorally 
(Dialite, Brasseler USA, Savannah, GA, USA) without 

requiring any additional treatment due to their small 
size. The remaining 3 fractures affecting the func-
tional areas of the occlusal surfaces were restored 
with a porcelain laminate. No other complications 
occurred, either biological (i.e. pain, implant radio-
lucency or suppuration) or technical/mechanical (i.e. 
mobility or function). The Fisher exact test revealed 
no statistically significant difference between the 2 
groups for complications (P = 0.331).

There were statistically significant differences 
in the mean VAS scores and chair times (P < 0.05) 
between the investigated groups, favouring the 
plaster impression (Table 3). Nevertheless, as gath-
ered from the questionnaire administered at the 
3-year follow-up examination, all of the patients 
were functionally and aesthetically satisfied with 
their prostheses.

Adjacent and opposite inter-implant measure-
ments were performed for each cast according to 
the total number of implants, resulting in a total 
of 292 I-I distances per group. Tables 3 and 4 pre-
sent the summary of the mean values, standard 
deviations and results of the statistical analyses. 
The mean difference in the I-I distances between 
groups was 0.055 ± 0.067 mm (95% CI -0.022 
to 0.132 mm; P = 0.931). The results of the uni-
variate analysis of variance indicate that the pres-
ence of angulated implants (P = 0.295) produced 
no significant effect on the deviations for all the 
measure ments. In contrast, the cases with 4 or 
fewer implants (P = 0.001), as well as a distance 
between 2 adjacent implants less than 15 mm 
(P = 0.000), appear to have produced less discrep-
ancy between the casts. Finally, the mean MBL, SBI 
and PS showed no significant differences (P > 0.05) 
between the groups (Table 3).

a

Fig 10  a) Clinical and 
b) radiographic out-
comes at the 3-year fol-
low-up visit of a CAD/
CAM screw-retained 
complete prosthesis 
fabricated onto a master 
cast derived from a 
plaster impression. 

b
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Table 2  Main characteristics of the materials used. Times are expressed in seconds.

Splint-VPS (n = 38) Plaster (n = 38)

Working time 90 30

Setting time 180 180–300

Average polymerisation time (Primopattern LG gel) 480 –

Setting expansion 0.05–0.3% 0.01–0.12%

Table 1  Patient and intervention characteristics.

Plaster casts group (n = 18) Splinted-VPS casts group 
(n = 20)

Number of patients (implants); n = 38 (234) 18 (111) 20 (123)

Number of patients rehabilitated with 4 or less implants (n = 13) 6 (33.3%) 7 (28.6%)

Number of patients rehabilitated with 5 or more implants (n = 25) 12 (66.6%) 13 (71.4%)

Patients/implants placed in the maxilla (n = 130) 8/55 (49.5%) 11/75 (60.9%)

Patients/implants placed in the mandible (n = 104) 10/56 (51.5%) 9/48 (39.1%)

Males (n = 18) 10 (55.5%) 8 (40.0%)

Females (n = 20) 8 (54.5%) 12 (60.0%)

Mean age (range) at the time of intervention 67.7 (50–83) ± 8.8 69.3 (45–81) ± 8.5

Number of CAD/CAM zirconia/titanium implant prostheses (n = 26/12) 12/6 14/6

Number of patients (implants) treated with computer-guided surgery (n = 28) 12 (87) 16 (109)

Number of patients (implants) treated with conventional surgery (n = 10) 6 (24) 4 (14)

Number of angulated implants (n = 24) 12 (10.8%) 12 (9.8%)

Mean implant angulation (total average 34.8 degrees) 35.15 ± 3.79 34.56 ± 4.19

Number of axial implants (n = 210) 99 (89.2%) 111 (90.2%)

Table 3  Mean measurements of distances, chair time, VAS, MBL, SBI and PS.

Outcomes Test casts group (n1 = 292) Control casts group (n1 = 292) Mean difference P value

I-I distance 15.620 ± 7.851 mm 
(95% CI: 14.716–16.525 mm)

15.564 ± 7.830 mm 
(95% CI: 14.662–16.466 mm)

0.055 ± 0.067 mm 
(95% CI: -0.022–0.132 mm)

0.931*

Test casts group (n2 = 38) Control casts group (n2 = 38) Mean difference

Chair time 502.63 ± 69.84 s 
(95% CI: 480.43–524.83 mm) 

869.16 ± 139.51 s 
(95% CI: 824.90–913.42 mm) 

366.53 ± 82.45 s 
(95% CI: 340.32–392.74 mm) 

0.000#

VAS§ 92.73 ± 6.46% 
(95% CI: 90.70–94.86 mm)

61.18 ± 15.21% 
(95% CI: 56.34–66.02 mm) 

31.60 ± 16.96% 
(95% CI: 26.15–37.05 mm)

0.000#

Plaster (n3 = 18) Splinted-VPS (n3 = 20) Mean difference

MBL 0.86 ± 0.18 mm 
(95% CI: 0.77–0.94 mm) 

0.90 ± 0.16 mm 
(95% CI: 0.83–0.97 mm)

0.034 ± 0.56 mm 
(95% CI: -0.15–0.80 mm)

0.552#

SBI 5.39 ± 3.91% 
(95% CI: 3.59–7.19 mm)

5.55 ± 5.19% 
(95% CI: 3.28–7.82 mm)

0.16 ± 1.50% 
(95% CI: -3.06–3.56 mm)

0.915#

PS 10.00 ± 3.40% 
(95% CI: 8.43–11.57 mm)

9.85 ± 4.57% 
(95% CI: 7.85–11.85 mm)

1.15 ± 1.31% 
(95% CI: -2.52–2.82 mm)

0.910#

n1: number of measurements
n2: number of procedures
n3: number of patients
§Overall patient satisfaction immediately after the impressions
*Mixed model analysis
#Independent sample t test 



Pozzi et al  Implant impression techniques336 

Eur J Oral Implantol 2013;6(4):325–340

 Discussion

The long-term success of implant-retained prostheses 
and the incidence of biological and biomechanical 
complications may also depend on the precision of 
the prosthetic superstructure’s fit13,29. It has been 
stated that non-passively fitting implant frameworks 
may cause the failure of the prosthetic components 
or of the entire prosthesis8,10,54,55. Bone loss has been 
attributed to a lack of passive fit, which may result in 
unequal stresses and force distributions in the peri-
implant zone, leading to bone resorption8. The pas-
sive fit of the cast alloy screw-retained implant pros-
thesis is related to the accuracy of the conventional 
lost wax and casting procedures, however, it is most 
directly dependent on the accuracy of the impression 
and master cast pouring techniques8,19,28. Never-
theless, an absolutely passive fit is difficult to obtain 
because of the required processing and manufactur-
ing laboratory phases22,56. It has been demonstrated 
that CAD/CAM technology and computer numeric 
controlled milling equipment provide a significantly 
improved fit compared to conventional manufactur-
ing57. These newer techniques overcome the draw-
backs of the metal alloy complete-arch framework 
casting procedure, which is intrinsically limited by its 
high-skill nature and the potential lack of fitting and 
accuracy25,58-59. The clinical relevance of introducing 
the CAD/CAM workflow to daily practice is related to 
the need for predictable, passively fitting superstruc-
tures to minimise additional stress at the interfaces 

of the implant-abutment-bone complex27. Studies 
on implant impression accuracy have repeatedly 
shown that the resulting master casts fail to replicate 
the exact intraoral situation60,61. Nevertheless, the 
appropriate techniques for the precise transfer of clin-
ical data to the laboratory remain the topic of scien-
tific investigations and academic controversies. Sev-
eral studies have evaluated the accuracy of implant 
impressions by comparing the inter-implant distance 
of the working cast to that of a reference control 
cast27,31,39,42,52,62. The main aim of the present study 
was to compare two different impression techniques 
for implants in totally edentulous patients in terms of 
discrepancy between them, chair time required and to 
investigate the patients’ perception of the treatments, 
and clinical outcomes. After placement, CAD/CAM 
screw-retained complete-arch zirconia and titanium 
prostheses were followed up for 3 years to assess 
the clinical and radiological outcomes of 38 patients 
with completely edentulous treated jaws. An optical 
scanning technique was used to assess the in vitro 
inter-implant discrepancy between the casts40,63,64. 
The framework fit was tested in vivo by applying the 
SO-ST in the mouth, an efficient means of clinically 
evaluating this parameter8,10,27,42.

The main limitation of the current trial was the 
limited sample size. A minor limitation was the use 
of two different CAD/CAM framework materials. 
However, the literature indicates that zirconia and 
titanium produce similar outcomes in terms of fit 
and strain development and that the magnitude of 

Table 4  Mixed model analysis between groups. 

Groups Variabilities Sample size Mean ± SD (mm) Mean difference ± SD (mm) F-ratio P value

VPS Angulated implants 60 15.309 ± 5.802 0.040 ± 0.064 
(95% CI: 0.023–0.057 mm)Plaster 15.349 ± 5.804

VPS Straight implants 232 15.630 ± 8.283 0.059 ± 0.067 
(95% CI: 0.051–0.065 mm)

1.099 0.295

Plaster 15.690 ± 8.308

VPS ≤4 implants 64 15.978 ± 5.719 0.030 ± 0.058 
(95% CI: 0.054–0.071 mm)Plaster 16.013 ± 5.733

VPS >4 implants 228 15.448 ± 8.334 0.062 ± 0.068 
(95% CI: 0.014–0.047 mm)

11.152 0.001

Plaster 15.511 ± 8.357

VPS ≤15 mm (distance 
between implants)

177 10.774 ± 2.871 0.039 ± 0.057 
(95% CI: 0.029–0.048 mm)Plaster 10.813 ± 2.884

VPS >15 mm (distance 
between implants)

115 22.937 ± 7.300 0.081 ± 0.074 
(95% CI: 0.069–0.092 mm)

19.426 0.000

Plaster 23.020 ± 7.300
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peri-implant strain is primarily affected by the fit of 
the framework rather than the material31,55. Further-
more, the present research assessed the in vivo ac-
curacy of the tested implant impression procedures 
in daily practice, in terms of the clinical success of 
the delivered prostheses, which were followed up 
for 3 years. 

The null hypothesis that there would be no dif-
ference in the inter-implant discrepancy between 
the casts produced by the tested implant impression 
techniques was accepted. The observed mean dif-
ference of 55 μm resulted in an acceptable clinical fit 
with screw-retained implant prostheses, in accord-
ance with a similar previous study40. Furthermore, 
this study included 3 categorical variables (implant 
angulation, implant number and implant distance) 
with at least 60 measurements each. This sample 
size indicated a significant effect of implant num-
ber, with a larger difference associated with master 
casts with more than 4 implants. There was also 
a significant effect of implant distance, with bet-
ter results for I-I spans of less than 15 mm. In con-
trast, the presence of angulated implants appears to 
have produced no significant effect on the master 
cast accuracy. As expected, the mean I-I distance 
of the plaster impressions was slightly higher than 
that of the splinted-VPS in all measurements due to 
the slight volumetric expansion of the plaster, unlike 
the shrinkage of the VPS and acrylic material. How-
ever, the magnitude of the difference ranged from 
29 to 79 μm. Because the clinical and radiographic 
measurements revealed no differences between 
interventions, according to Papaspyridakos et al27, 
these results may be considered within the maximum 
tolerance to indicate an acceptable clinical fit of the 
screw-retained complete-arch prosthesis.

Implant splinting might be a determining fac-
tor for achieving an accurate master cast, regard-
less of the impression material8,10,27,42. The splinting 
technique eliminates any rotational or translational 
movements of the impression copings during the 
impression and analogue attachment procedures39. 
However, resin shrinkage and manipulation remain a 
concern65. In a systematic review, Lee et al9 reported 
that some studies found no difference or better results 
with the non-splinted technique. Nevertheless, most 
of the aforementioned studies were published more 
than 10 years ago and investigated only metal cast 

alloy frameworks that were sectioned and recon-
nected/soldered intraorally to achieve an accept-
able clinical fit. Furthermore, the accuracy of 2-D 
linear measurements of an object may be less precise 
compared with the 3-D measurements. Neverthe-
less, more recent literature has reported a higher 
accuracy of the splinted technique27,39,42,60,62. 
Independent of the intrinsic features of the impres-
sion materials, the underlying principle was the con-
nection of all the impression copings using a rigid 
material to prevent any possible individual coping 
movements during impression making and master 
cast pouring. Although low-shrinkage acrylic resin 
is the most commonly used splinting material, its 
volumetric contraction related to the setting phase 
ranged between 6.5 and 7.9% in the first 24 h, 
with up to 80% of the shrinkage occurring during 
the first 17 min after mixing37,66. To minimise the 
loss of accuracy related to the intraoral shrinkage of 
the acrylic resin, some authors have suggested tak-
ing a preliminary unsplinted impression to connect 
the impression copings onto the cast using a low-
shrinkage resin framework. Therefore, after waiting 
for the complete polymerisation of the resin, the 
resin framework was sectioned onto the model using 
a 0.2 mm carborundum disk to obtain single inter-
implant connectors, which were successively related 
together into the mouth with a minimal amount of 
the same resin. 

Assif et al7 assessed the efficacy of impression 
plaster as a splinting material. Impression plaster is 
quite accurate and rigid, does not bend or distort, 
and sets rapidly. This material is easy to manipu-
late, less time consuming and less expensive to use, 
and the exothermic reaction during the setting time 
is negligible. Moreover, Nissan et al67 and Eid68 
described how to use the plaster to create an im-
plant impression and reported its accuracy, ease of 
manipulation and decreased working time. Impres-
sion plaster (ANSI-ADA 2000) is based on calcined 
calcium sulfate hemihydrate, which reacts with water 
to form a hard mass of calcium sulfate dihydrate 
with a lower setting expansion (0.01–0.12%) com-
pared with the low shrinkage rate of the flowable 
light-curing acrylic resin (0.05–0.3%)69. The plaster 
impression allows for a good reproduction of sur-
face details and excellent dimensional stability. How-
ever, some problems (i.e. fractures) may occur in the 
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presence of deep anatomic undercuts or angulated 
implants. In the present study, a disassembled cus-
tom tray was used to assist the clinician in overcoming 
the bone undercuts. Although the 2 excluded patients 
presented fractures in the plaster and mobility of the 
related impression copings, the trays were removed 
from their mouths with no discomfort. All of these 
patients presented angulated implants with an angula-
tion of more than 40 degrees from the axial implant of 
the same side. To reduce the risk of plaster fracture, a 
proper design of the custom tray is mandatory to allow 
a larger thickness of the impression material around the 
angulated implants. However, according to Sorrentino 
et al16, in situations in which there are one or more 
angulated implants (≥35 degrees between axial and 
angulated implants), a slightly less precise impression 
could be created due to the greater forces required for 
impression removal and the related potential distortion 
or fracture of the VPS or plaster, respectively. 

Because of its more favourable, lower modulus 
of elasticity, silicone material could be considered as 
a viable alternative that enables the easy removal of 
the impression and reduces the permanent deforma-
tions caused by the stress between the impression 
material and the copings70. In addition, the design 
of copings with a shortened connection length must 
be considered a relevant factor to ease the removal 
of the copings from the internal/external connec-
tion of the implants, avoiding a deep engagement 
of the component71. In the present study, the flat-
to-flat implant–abutment interface with 0.7 mm 
high external hexagonal connection did not produce 
any difficulties in removing the plaster impression, 
considering the mean angulation of the investigated 
angulated implants of 34.8 degrees (ranging from 35 
to 45 degrees). Nevertheless, the parallel position-
ing of the implants is not always clinically achievable 
due to possible anatomical limitations. For the latter, 
although the implant-level impression method could 
better transfer the implant position72, the abutment-
level impression by means of angulated abutments 
could be considered in the presence of angulated 
implants with an angulation of more than 40 degrees. 
From a clinical perspective, the present study supports 
the hypothesis that if plaster is used as an impression 
material, splinting the implants in accordance with 
the aforementioned good practice techniques is no 
longer a prerequisite for the success of CAD/CAM 

screw-retained implant-supported complete-arch 
prostheses. The plaster enables the recording of the 
3-D implant position and the rigid connection of the 
implant copings with a lack of accuracy that is not 
relevant from the clinical perspective. Furthermore, 
the plaster impression may eliminate the need for 
the pre-scan try-in of the resin frameworks without 
affecting the success of the implant/prosthetic, as 
well as the sectioning and soldering in situations of 
metal prosthetic superstructures to overcome the 
potential lack of passive fit. The chair time required 
for the two impression procedures and the high 
patient confidence level for plaster impressions were 
significantly different, with a shorter duration and 
greater patient confidence associated with plaster 
impressions. Although only CAD/CAM frameworks 
were tested, the present research allows some pre-
liminary and generalisable conclusions. Particularly, 
plaster impressions combined with CAD/CAM tech-
nology can provide highly accurate and successful 
screw-retained complete-arch implant prostheses.

The choice between splinted-VPS and plaster 
essentially depends on several variables, such as the 
number of intraoral undercuts, the angulation of the 
implants (if angulated abutments were not used) 
and the experience of the clinician. The clinicians 
involved in this study were highly experienced in 
the rehabilitation of totally edentulous patients with 
axial and angulated implants. This factor may limit 
the extrapolation of the present results; however, all 
of the procedures were tested in real clinical condi-
tions, and they can be generalised with confidence 
to a wider population with similar characteristics.

 Conclusions

Within the limitations of this study, it was shown that 
the clinical outcome of plaster implant impressions 
for completely edentulous patients is the same as 
that of splinted-VPS impressions. All of the CAD/
CAM prostheses were associated with a similar level 
of success during the entire follow-up period. The 
intraoral pre-scan try-in of the resin framework can 
be avoided with both types of impressions. Never-
theless, plaster impressions may be less time con-
suming and more comfortable for the patient, but 
can sometimes fracture and need to be taken again.
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