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Abstract
Purpose: To retrospectively record the distal cantilever lengths (CL) of full-arch
interim, all-acrylic resin prostheses used in an immediate occlusal loading protocol.
Anterior/posterior (A/P) spreads were measured on master casts associated with the
interim prostheses. Ratios were calculated (CL/AP). Prosthetic complications were
recorded. The ratios and prosthetic complications were statistically compared and
analyzed for statistical and clinical significance.
Materials and Methods: One hundred twenty-eight patients with 192 edentulous
arches (109 maxillary; 83 mandibular; 190 arches were restored with 4 implants; 2
maxillary arches were restored with 5 implants) were treated. Seven hundred seventy
implants (Brånemark System) from September 1, 2011, until August 31, 2013 were
included in this report. Patients were treated and followed in a single private practice
for up to 40 months. Implants had to have at least 35 Ncm of insertion torque to
be immediately loaded. All implants were immediately loaded with full functional
occlusions on the day the implants were placed. Interim, full-arch, all-acrylic resin
prostheses were fabricated and placed into full functional occlusion following an All-
on-Four protocol. Measurements of the distal cantilevered segments were made on
the prostheses prior to insertion. A/P spreads were measured on the master casts made
from abutment level impressions made on the day of surgery. Prosthetic complications
(denture base fracture, cohesive/adhesive denture tooth fractures) were recorded in
the charts as they occurred. All charts were reviewed for this report; no patients were
lost to follow-up. Interim prosthetic repairs were analyzed by type (tooth or denture
base), arch, gender, and location within the edentulous arches.
Results: One patient experienced complete maxillary implant failure; the overall
implant survival rate (SR) was 99.5% (766 of 770). Four hundred thirty of 434 max-
illary implants and 336 of 336 mandibular implants survived for SRs of 99.1 and
100%, respectively. Thirty four of the 192 interim prostheses (17.7%) warranted
at least one repair during treatment. The average cantilevered segments for the in-
terim maxillary prostheses without prosthetic complications were 9.7 mm (right) and
9.5 mm (left). The average cantilevered segments for the repaired maxillary prostheses
were 10.1 mm (right); 9.9 mm (left). The average cantilevered segments for the interim
mandibular prostheses without prosthetic complications were 9.2 mm (right) and 9.3
mm (left). The average cantilevered segments for the repaired mandibular prostheses
were 9.87 mm (right) and 9.18 mm (left). The average maxillary A/P spread was
18.4 mm; the average mandibular A/P spread was 17.3 mm. The average maxillary
CL/AP spread ratios were 0.55 (right) and 0.53 (left); the average mandibular CL/AP
spread ratios were 0.61 (right) and 0.57 (left). There were no statistical correlations
between the CL/AP ratios and the frequency or type of prosthetic repairs recorded
in this study. The ratios were statistically significant (p = 0.041) for mandibular
prostheses with prosthetic complications: slightly greater CL/A-P ratios were noted.
Conclusions: The results from this 2-year clinical retrospective analysis indicated
that CL/AP ratios in the range of 0.5 to 0.6 generally resulted in successful interim
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prostheses during the time the interim prostheses were in function. The results
of this investigation also revealed that 1 of 129 patients experienced implant
failures; implants placed and restored on the same day with full-arch, screw-retained
prostheses resulted in high clinical survival rates for implants and prostheses. The
All-on-Four treatment protocol used in this study was a viable alternative to other
implant loading/placement protocols for rehabilitating edentulous patients and
resulted in minimal prosthetic complications.

The original Branemark protocol for fixed, screw-retained pros-
theses was designed to be used with 4 to 6 implants support-
ing definitive prostheses.1 Mandibular implants were typically
placed between the mental foramina and allowed to osseointe-
grate with the bone in an unloaded healing protocol. Patients
then underwent second surgical procedures where the implants
were uncovered, and transmucosal abutments were placed. Af-
ter a sufficient time that allowed for the peri-implant soft tissues
to heal, prosthodontic procedures would commence to fabricate
metal frameworks to support the artificial teeth and denture base
in definitive prostheses.2,3

Definitive prostheses were designed with cantilevered seg-
ments distal to the last implants on either side of the jaw. Ini-
tially cantilever lengths (CL) were empirically recommended
for definitive prostheses.4 Cantilever lengths later came into
question, especially relative to prosthetic complications that in-
cluded fractured, cantilevered segments.5 Zarb and Schmitt re-
ported that virtually all problems they encountered in a follow-
up report of the original Toronto study were iatrogenic in
nature.5 Attard and Zarb (2004) later reported that the longevity
of the fixed prostheses for this group of patients was 8.39 ± 5.30
years.6 Prosthetic complications associated with fixed, full-arch
prostheses have been decreasing with increased clinical expe-
rience in regard to these types of restorations.7 Ravald et al
reported the results of patients followed 12 to 15 years post-
insertion of fixed, full-arch prostheses. Of the initial 66 patients,
44 were available for examination 12 to 15 years post-insertion
of the prostheses. They reported that two patients showed pros-
thetic complications associated with frameworks and that seven
prostheses had minor ceramic fractures of the teeth.7

Sertqoz and Guvener reported on the results of a finite
element analysis (FEA) of the effect of cantilever and im-
plant length on stress distribution in an implant-supported
fixed prosthesis.8 Six implants were “placed” into an edentu-
lous mandibular model. Nine simulation models had cantilever
lengths of 7, 14, and 28 mm; implant lengths varied among
7, 15, and 20 mm. Vertical forces that equaled 75 Ncm with
25 Ncm horizontal forces were applied to the distal ends of
the cantilevered segments. Sertqoz and Guvener reported that
stresses at the bone/implant interfaces were maximized at the
most distal bone/implant interfaces on the loaded sides and
significantly increased with cantilever length.

McAlarney and Stavropoulos reported that CL/anterior-
posterior (AP) spread ratios were used as indicators for CLs
in full-arch, screw-retained prostheses.9 They assumed, with
a mathematical model, that prosthetic failures occurred when
screw joints were compromised by either compressive forces
that exceeded the pre-torque values of the screws in the joints,
or tensile forces that opened the screw joints via plastic de-
formation. They concluded that clinical CL/AP ratios were (1)
lower than those previously reported and (2) found to be 0.5

to 1.8, 0.7 to 1.6, 1.1 to 1.7, and 1.8 for three, four, five, and
six implants, respectively. Although implant distributions with
the largest AP spreads often provided adequate occlusion, their
results indicated that the use of a single CL-AP ratio was not
necessarily a satisfactory indicator of optimal cantilever length.

In a later publication, McAlarney and Stavropoulos stated
that cantilever loading increased loads distributed to implants in
full-arch clinical cases; this likely could be related to increased
prosthetic complications of full-arch prostheses.10 They con-
cluded that within the limitations of the study, predicted com-
plications of gold screw joints could be reduced if CLs were less
than those calculated from linear equations and if AP spreads
were greater than 11.1 mm.

Gallucci et al reported on 5-year clinical results of fixed
implant-supported rehabilitations with distal cantilevers for
mandibular edentulous patients.11 In this prospective multi-
center trial, 45 edentulous patients were treated with implant-
supported mandibular hybrid prostheses; the prostheses were
designed with distal extension cantilevers. Biological, implant,
and prosthetic parameters defining survival and success were
evaluated for each implant. They reported cantilever lengths
ranged from 6 to 21 mm, with an average of 15.6 mm. The
overall treatment success rate was calculated as 86.7% (39/45).
Of the six patients who did not meet the criteria for success,
two required replacement of their entire prostheses; four pre-
sented with greater than four complication events. The authors
identified complications as biological or technical; the majority
of complications were technical complications (54/79 [68%]);
most of these involved fractured acrylic resin teeth and denture
bases (20/54 [37%]).

Cantilever lengths appear to be important elements in design-
ing and fabricating interim full-arch prostheses. Guidelines for
designing or implementing frameworks with distal cantilevered
segments have not been established. One subjective goal of full-
arch prostheses has been to provide edentulous patients with
at least first molar occlusion. The average mesial/distal length
of maxillary first molars as described by Woelfel is 10.4 mm
with a range of 8.8 to 13.3 mm. Woelfel also reported that the
average mesial/distal width of mandibular first molars is 11.4
mm with a range of 9.8 to 14.5 mm.12

The above studies specifically identified complications of
definitive, full-arch prostheses with metal frameworks. Publica-
tions regarding complications with interim, full-arch prostheses
have been relatively infrequent. Malo et al reported on 5-year
clinical outcomes for both interim and definitive full-arch pros-
theses supported by four implants.13 The primary outcomes
measured included cumulative prosthetic survival (interim and
definitive) and implant survival. Malo et al reported that the
prosthetic survival rate was 100%; five patients lost implants
for a cumulative implant survival rate (CSR) of 95.5%. The
incidence of prosthetic complications was reported to be 16%
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Figure 1 Clinical occlusal image of a typical patient immediately after
mandibular implant placement, prior to impressions.

for the double-arch patients and 13% for the single-arch pa-
tients; the differences were statistically significant. Malo et al13

concluded that rehabilitating double- or single-arch edentulous
patients did not yield significant differences relative to implant
survival; however, the incidence of mechanical complications
was significantly higher for double-arch rehabilitated patients.
Nevertheless, mechanical complications did not affect the long-
term survival of either the prostheses or implants.

The purpose of this report was to identify cantilever lengths
measured directly on interim full-arch prostheses at the time
of insertion and anterior/posterior spreads of the implants mea-
sured on the master casts. Ratios were developed (CL/AP) and
compared with interim prostheses with and without prosthetic
complications. The null hypothesis for this study was that there
would be no differences in prosthetic complication rates asso-
ciated with various CL/AP ratios.

Materials and methods

This was a retrospective chart review, and the patients were not
identifiable to the researcher. The institutional review board
stated that approval was not necessary.

One hundred twenty-eight consecutively treated patients in-
cluded in this study were treated in one urban, private prac-
tice setting from September 1, 2011 through August 31, 2013.
All patients received full-arch, screw-retained, acrylic resin
prostheses; all prostheses were immediately loaded (192 total
arches; 109 maxillary, 83 mandibular). For dentate patients,
teeth were extracted, alveolectomies performed, implants
placed and loaded with full functional occlusions via full-arch,
acrylic resin, screw-retained prostheses within hours of implant
placement. Implants were placed into edentulous jaws with the
same surgical protocol. All patients were treated with one spe-
cific implant type (NobelActive; Nobel Biocare, Yorba Linda,
CA). Seven hundred seventy implants were placed (434 maxil-
lary; 336 mandibular). Insertion torque values of at least 35 Ncm
were the threshold for implants to be immediately loaded (mea-
sured by hand on torque controllers). All implants were imme-
diately loaded. One of two oral/maxillofacial surgeons (Diplo-
mates, American Board of Oral and Maxillofacial Surgery)
placed the implants with one specific implant surgical protocol.
The author and one dental laboratory technician were respon-
sible for fabrication of the interim prostheses (Figs 1 and 2).

Patients were treated with surgical and prosthetic protocols
that included undersized osteotomies, placement of tapered im-
plants with insertion torques of at least 35 Ncm as measured

Figure 2 Clinical occlusal image of a typical patient immediately after
mandibular implant placement, prior to impressions.

Figure 3 Laboratory image of the occlusal surface of an interim maxillary
prosthesis that demonstrated a typical left cantilevered segment; the
ruler was placed for scale purposes.

Figure 4 Laboratory image of a typical master cast with straight edges
placed across the anterior and posterior abutments. A ruler was used to
measure the distance between the two straight edges to obtain the AP
spread.

on the drill units, placement of straight and angled abutments
as needed to ensure occlusal/palatal/lingual locations of screw
access openings, abutment level impressions after primary clo-
sure of the surgical wounds, and intraoral attachment of ante-
rior metal temporary cylinders to the interim prostheses with
acrylic resin.14 Interim prostheses were constructed consistent
with immediate complete denture protocols. The prostheses
were made with heat-cured acrylic resin (SR Ivocap injection
system; Ivoclar Vivadent Inc., Amherst, NY). One specific type
of denture tooth was used for all prostheses (Mondial Denture
Teeth; Heraeus Kulzer, South Bend, IN). Prostheses were fin-
ished and polished in conventional fashion. All prostheses were
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Table 1 Prosthetic repairs of maxillary and mandibular interim prosthe-
ses

Interim Denture Adhesive tooth Cohesive tooth
prosthesis Total base fracture fracture

Maxillary 19 15 0 4
Mandibular 18 11 0 7
Total 37 26 0 11

immediately loaded with full functional occlusion on the day
of implant placement.

Seventy-one patients treated with mandibular immediate
prostheses had opposing jaws restored with natural teeth,
crowns, or fixed restorations; 20 patients used maxillary
complete dentures. Patients treated with maxillary full-arch
prostheses had opposing mandibular dentitions restored with
crowns, fixed restorations supported by natural teeth, or interim
fixed full-arch restorations. None of the patients’ opposing jaws
were restored with removable prostheses.

Cantilevered posterior segments of the interim prostheses
never exceeded one full denture tooth (Fig 3). The lengths
of the cantilevered segments of the interim prostheses were
measured with a Boley gauge after all finishing and polish-
ing procedures were accomplished, just prior to insertion. The
measurements were made from the distal surface of the metal
temporary cylinder of the most distal implants on both sides
to the distal surfaces of the interim prosthesis on both sides
(Fig 4). The AP spread was measured on the master casts made
from abutment level impressions made as part of this particular
prosthetic protocol. The AP spreads were measured by taking
straight edges and laying them across the screw access openings
of the anterior and posterior abutment analogs (right anterior
abutment analog to left anterior abutment analog for the ante-
rior line; right posterior abutment analog to the left posterior
abutment analog for the posterior line). A mm ruler was placed
on the two straight edges, and the A/P spreads were measured.

Prosthetic repairs of the interim prostheses were identified
and recorded: interim prosthesis (denture base) fracture, den-
ture tooth debonding from the denture base (adhesive fracture),
denture tooth fracture (cohesive fracture), prosthetic and/or
abutment screw loosening. All repairs were accomplished in
the laboratory on master casts generated from abutment level
impressions at the time of implant placement. Implant survival
rates have been previously reported.15

Results

One patient experienced maxillary implant failure; the overall
implant survival rate (SR) was 99.5% (766 of 770). Four hun-
dred thirty of 434 maxillary implants and 336 of 336 mandibu-
lar implants survived for SRs of 99.1 and 100%, respectively.
Thirty four of the 192 interim prostheses (17.7%) warranted at
least one repair during treatment (Table 1). Prosthetic compli-
cations were almost evenly divided between maxillary (19) and
mandibular (18) interim prostheses. Maxillary interim prosthe-
ses had slightly more denture base fractures (15) compared to
11 denture base fractures for mandibular interim prostheses.

Table 2 AP spreads, cantilever lengths, and CL/AP ratios for interim
prostheses that did not experience prosthetic complications

Average
Average AP cantilever

Number spread (mm) length (mm) CL/AP ratio

Maxillary
interim
prostheses

91 18.38 (2.6)

Maxillary right 91 9.73 (1.4) 0.55 (0.13)
Maxillary left 91 9.53 (1.3) 0.53 (0.12)
Mandibular

interim
prostheses

66 17.28 (2.8)

Mandible right 66 9.15 (1.2) 0.55 (0.12)
Mandible left 66 9.34 (1.2) 0.56 (0.12)

There were no adhesive tooth fractures from the interim pros-
theses’ denture bases; there were four maxillary cohesive tooth
fractures and seven mandibular cohesive tooth fractures.

The average cantilevered segments for the interim maxil-
lary prostheses that did not require repairs of any type were
9.73 mm (right) and 9.53 mm (left) (Table 2). The average can-
tilevered segments for maxillary prostheses that had prosthetic
complications were 10.1 mm (right) and 9.9 mm (left) (Table 3).
The average cantilevered segments for the interim mandibular
prostheses that did not require repairs of any type were 9.15mm
(right) and 9.34 mm (left). The average cantilevered segments
for mandibular prostheses that had prosthetic complications
were 9.87 mm (right) and 9.18 mm (left).

The average maxillary AP spread for prostheses that did not
experience complications was 18.38 mm; the average mandibu-
lar AP spread for prostheses that did not experience complica-
tions was 17.28 mm. The average maxillary CL/AP spread ra-
tios for the interim prostheses that did not have prosthetic com-
plications were 0.55 (right) and 0.53 (left). The average CL/AP
ratios for the maxillary interim prostheses that had prosthetic
complications were 0.62 (right) and 0.61 (left). The average
mandibular CL/AP spread ratios for the interim mandibular
prostheses that did not experience any prosthetic complications
were 0.55 (right) and 0.56 (left). The average CL/AP spread
ratios for the interim mandibular prostheses with prosthetic
complications were 0.61 (right) and 0.57 (left) (Table 3).

For maxillary interim prostheses, the right-side CLs be-
tween prostheses that experienced prosthetic complications
(mean 10.075 mm) and those that had no complications (mean
9.68 mm) were not statistically significant (p = 0.397). The
left-side CLs between prostheses with prosthetic complications
(mean 9.92 mm) and those that had no complications (mean
9.48 mm) were not significant (p = 0.274). The AP spreads
between prostheses with prosthetic complications (mean
17.01 mm) and those without prosthetic complications (mean
18.54 mm) were not statistically significant (p = 0.137). The
CL/AP ratio on the right sides between prostheses with pros-
thetic complications (mean = 0.621) and prostheses that had
no complications (mean = 0.536) were not significant (p =
0.126). The CL/AP ratio on the left sides between prostheses
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Table 3 AP spreads, cantilever lengths, AP/CL ratios for interim
prostheses with denture base/denture teeth complications

Average AP Average cantilever CL/AP
Jaw Number spread (mm) length (mm) right ratio

Maxillary right 17 17.2 (3.5) 10.1 (0.9) 0.62 (0.14)
Maxillary left 17 9.9 (1.3) 0.61 (0.16)
Mandibular right 17 16.7 (3.3) 9.87 (0.9) 0.61 (0.14)
Mandibular left 17 9.18 (0.8) 0.57 (0.15)

with prosthetic complications (mean = 0.613) and prosthe-
ses without complications (mean = 0.524) was not significant
(p = 0.106).

For mandibular prostheses, the CLs on the right sides be-
tween interim prostheses with prosthetic complications (mean
= 9.87) and interim prostheses without prosthetic complica-
tions (mean = 9.05) were not significant (p = 0.085). The CLs
on the left sides between interim prostheses with prosthetic
complications (mean = 9.1) and those prostheses without com-
plications (mean = 9.36) were not significant (p = 0.739).
The AP spread between interim prostheses with prosthetic
complications (mean = 16.5) and interim prostheses without
prosthetic complications (mean = 17.39) were not significant
(p = 0.399). The right-side CL/AP ratios between mandibular
interim prostheses with prosthetic complications (mean = 0.61)
and interim prostheses without prosthetic complications (mean
= 0.54) were statistically significant (p = 0.041). The left-
side CL/AP ratios between interim prostheses with prosthetic
complications (mean = 0.57) and interim prostheses without
prosthetic complications (mean = 0.55) were not significant
(p = 0.581).

Discussion

Prosthetic complications associated with definitive, fixed, full-
arch, implant-retained prostheses have been reported by nu-
merous authors.1,3,5-7 Prosthetic complications regarding in-
terim, fixed, full-arch, implant-retained prostheses have not
been reported to the same degree. Initially, cantilever lengths of
fixed, full-arch prostheses were reported on an empirical basis.1

Sertqoz and Guvener reported the results of an FEA regarding
the effect of cantilever and implant length on stress distribution
in implant-supported fixed prostheses.8 They concluded that
stresses at the bone/implant interfaces were maximized at the
most distal bone/implant interfaces on the loaded sides, and
these stresses significantly increased with increased cantilever
lengths.

The results of the present study indicated that none of
the cantilevered segments in either jaw exceeded the aver-
age mesial/distal lengths of maxillary/mandibular natural molar
teeth as reported by Woelfel.12 This was one of the parame-
ters the author used in clinical practice. If this was a prospec-
tive study, the lengths of the cantilevered segments could be
a variable worth studying. Since these patients were followed
in a private practice, and the author wanted to minimize the
potential for prosthetic complications, cantilevered segments
were designed not to exceed the mesial/distal lengths of max-

illary/mandibular first molars. This was considered to be a key
element in decreasing the potential of prosthetic complications
associated with cantilever segments in all-acrylic resin, interim
full-arch prostheses.

McAlarney and Stavropoulos reported that CL/AP spread
ratios were often used as indicators for CLs in full-arch, screw-
retained prostheses.9 They identified that although implant dis-
tributions with the largest AP spreads often provided adequate
occlusion for patients, they concluded that the use of a single
CL/AP ratio was not necessarily a satisfactory indicator for op-
timal CL. In a later publication, McAlarney and Stavropoulos
reported that cantilever loading in fixed, full-arch prostheses
increased loads distributed to the implants clinically. They also
postulated that this could be implicated in increased prosthetic
complications of full-arch prostheses.10 They reported on the
results of a clinical study where they investigated the net effects
of several clinical variables on predicted CLs regarding fixed,
screw-retained, full-arch prostheses. The variables they stud-
ied included the number and distribution of implants, edentu-
lous jaw, and clinical decisions regarding CLs. They concluded
that within the limitations of their study, complications of gold
screw joints could be reduced if CLs were less than those calcu-
lated from linear equations; they also noted that complications
decreased with AP spreads greater than 11.1 mm. The results
of their studies were similar to the results of the present study;
however, the present study had fewer variables (the vast major-
ity of the cases were restored with four implants; two patients
received five implants).

Gallucci et al reported on 5-year clinical results of fixed
implant-supported prosthetic rehabilitations with distal can-
tilevers for edentulous mandibular patients.11 They reported
cantilever lengths ranging from 6 to 21 mm (average 15.6 mm).
Prosthesis survival rate was 95.5% (43/45). They qualified com-
plications in their study as either biological or technical. The
majority of complications were technical complications (54/79
[68%]); most complications involved fractures of the acrylic
resin teeth and denture bases (20/54 [37%]). The CLs for the
present study averaged approximately 9+ mm, which was sig-
nificantly less than the CLs recorded in the Gallucci et al report.
The complication rates for this study were also significantly less
(19%) than those reported by Gallucci et al.

CLs for the interim, full-arch prostheses in the present study
were designed not to be longer than a typical molar denture
tooth. The AP spreads for the patients treated in this study were
approximately 17 mm. The AP spreads were correlated with the
particular All-on-4 protocol used in this study where the distal
implants in both jaws were tilted, and the angles were corrected
with angled abutments such that the occlusal access openings
typically exited the prostheses in the first molar regions.

Prosthetic complications occurred approximately 19% of the
time. Twenty eight of the 37 prosthetic complications (75.7%)
occurred within the first 5 months of this clinical report. The au-
thor speculates that this was likely associated with a “learning
curve” related to this particular implant loading protocol for the
practitioners involved. For the first 5 months, autopolymerizing
resin (Secure) was used to both reline and attach the anterior
tooth segments to the preexisting denture bases. While this ma-
terial has advantages over autopolymerizing acrylic resin, the
limitations associated with the lack of a chemical bond and
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the differences in other physical properties caused the author
to change the laboratory protocol and use autopolymerizing
denture resin to make the new intaglio surfaces of the interim
prostheses as well as attach the anterior teeth back onto the den-
ture bases. The prosthetic complication rates significantly de-
creased. The results of this study indicated that CL/AP spreads
in the range of 0.5 to 0.6 resulted in minimal prosthetic com-
plications regarding interim, full-arch, fixed prostheses.

Conclusions

The laboratory and clinical procedures described in this and a
previous publication resulted in consistent, full-arch, success-
ful interim prostheses. The overall prosthetic complication rate
was 19%, with 75% of the complications occurring in the first
5 months of clinical practice. The results of this study indicated
that CL/AP ratios between 0.5 and 0.6 for interim, full-arch,
screw-retained prostheses resulted in minimal prosthetic com-
plications; cantilevered segments were specifically designed to
not exceed the average mesial/distal lengths of natural first mo-
lar teeth. The findings noted in this report warrant additional
clinical studies to validate the results in this study.
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