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Abstract. The use of titanium implants is well documented and they have high
survival and success rates. However, when used as reduced-diameter implants, the
risk of fracture is increased. Narrow diameter implants (NDIs) of titanium—
zirconium (Ti—Zr) alloy have recently been developed (Roxolid; Institut Straumann
AG). Ti—Zr alloys (two highly biocompatible materials) demonstrate higher tensile
strength than commercially pure titanium. The aim of this systematic review was to
summarize the existing clinical evidence on dental NDIs made from Ti—Zr. A
systematic literature search was performed using the Medline database to find
relevant articles on clinical studies published in the English language up to
December 2014. Nine clinical studies using Ti—Zr implants were identified. Overall,
607 patients received 922 implants. The mean marginal bone loss was

0.36 £ 0.06 mm after 1 year and 0.41 £ 0.09 mm after 2 years. The follow-up
period ranged from 3 to 36 months. Mean survival and success rates were 98.4% and
97.8% at 1 year after implant placement and 97.7% and 97.3% at 2 years. Narrow
diameter Ti—Zr dental implants show survival and success rates comparable to
regular diameter titanium implants (>95%) in the short term. Long-term follow-up
clinical data are needed to confirm the excellent clinical performance of these
implants.
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The use of dental implants for the replace-
ment of lost teeth is considered a highly
predictable treatment option.' ” When the
available bone is insufficient to place stan-
dard diameter implants, additional surgical

0901-5027/070842 + 09

techniques for bone regeneration are usual-
ly needed.*'* An alternative treatment op-
tion is to place narrow diameter dental
implants (NDIs). Several reports have
aimed to define the dimension of a narrow

diameter.'" In this review, an implant with a
diameter between 3 and 3.5 mm was con-
sidered an NDI. The main indications for
the use of NDIs are reduced mesiodistal
space,'? reduced crestal width'® (narrow
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ridge), and reduced amount of interradicu-
lar space.'*!

There is great concern regarding the
resistance and possible fatigue strength of
this type of implant, especially when used
in areas with a high occlusal load (posterior
areas) or in patients with parafunctional
habits.'® ** Since NDIs have a reduced
contact area with the bone compared to
regular diameter implants, this may also
compromise the short- and long-term sur-
vival rates.”>® For the same reasons, NDIs
are not recommended to restore single
canines, premolars, and molars.'* To over-
come these problems, titanium alloys with
higher tensile and yield strength, such as
TigAl;V, have been used to manufacture
NDIs.”” " Several studies have reported on
corrosion,”' ** toxicity and biocompatibil-
ity issues related to aluminium and vanadi-

m,*!***° and reduced bone responses™> >’
with the use of this alloy.

To further improve the mechanical
strength and biocompatibility, a new tita-
nium-zirconium alloy (Ti—Zr) has been
developed (Roxolid; Institut Straumann
AG, Basel, Switzerland).38 This material
is made of titanium alloyed with 13-15%
of zirconium. This metal alloy is highly
biocompatible and allows the same sur-
face treatment, sand blasting and acid
etching, as commercially pure titanium
grade IV.? The increased biomechanical
properties of this material together with its
excellent biocompatibility allow the use of
NDIs even in clinically challenging situa-
tions. However, clinical evidence regard-
ing the use of Ti—Zr NDIs is still limited.
The aim of the present systematic review
was to report on the clinical performance
of Ti—Zr NDIs in clinical trials.

Materials and methods
Search strategy and eligibility criteria

This systematic review was performed in
accordance with the PRISMA statement;
the PICO(S) questions were used as evalu-
ation criteria in order to identify the Patient
or Population, Intervention, Control and
Comparison, Outcome, and Study types.*’

A literature search was performed to
identify available articles reporting on
the clinical outcomes of Ti—Zr dental
implants. A systematic approach was used
to search the National Library of Medicine
(Medline via PubMed) for articles pub-
lished up to December 2014, including the
following terms: ‘titanium-zirconium’
OR ‘Ti—Zr’ OR ‘Roxolid’. The electronic
search was supplemented with a manual
search of the following publications: /n-
ternational Journal of Periodontics and
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Fig. 1. Flow diagram describing the search strategy.

Restorative Dentistry, International Jour-
nal of Oral and Maxillofacial Implants,
Journal of Periodontology, Implant Den-
tistry, Dentistry Today, Journal of Oral
Implantology, Quintessence International,
International Journal of Oral and Maxil-
lofacial Surgery, Clinical Oral Implants
Research, and Journal of Clinical Peri-
odontology (Fig. 1).

The search resulted in a total of 162 hits
from which eight abstracts were consid-
ered potentially relevant, while the manual
search yielded two additional abstracts.
Two reviewers (PA, EL) independently
evaluated the abstracts against the inclu-
sion and exclusion criteria, and the full-
text articles were obtained. A third review-
er (JN) was consulted to confirm the eli-
gibility of the selected articles.

Clinical (human) studies on Ti—Zr den-
tal implants that fulfilled the following
inclusion criteria were selected: (1) clini-
cal studies of at least 10 treated patients;
(2) prospective studies including random-
ized-controlled and non-randomized con-
trolled studies and cohort studies; (3)
retrospective studies including controlled
studies, case—control studies, and single
cohort studies; (4) a mean follow-up peri-
od of at least 6 months; (5) inclusion of
data on the survival rate of the implants.

The following exclusion criteria were ap-
plied: (1) articles written in languages
other than English; (2) review articles;
(3) studies with fewer than 10 patients,
or case reports; (4) a mean follow-up
period of less than 6 months. The level
of agreement between reviewers regarding
study inclusion was calculated using the
kappa value.

Data extraction

Full text data extraction was performed
independently for each eligible article by
at least two reviewers (PA, EL). The fol-
lowing variables were extracted from each
study: author(s), year of publication, study
design, total number of patients, inclusion
and exclusion criteria, follow-up duration,
study outcomes (survival and success rates,
marginal bone loss (MBL), and peri-im-
plant measurements), patient demo-
graphics, implant type and manufacturer,
total number of implants placed and num-
ber of implants in each patient, failed
implants, jaw segment, bone regeneration
needs, prosthetic complications, and load-
ing protocols.

The methodological quality of the stud-
ies included was evaluated by one review-
er (PA) with regard to study design,
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randomization method, allocation con-
cealment, blinding to the patient and
examiner, and drop-out rates. In addition,
the “‘Levels of evidence’” document from
the Centre for Evidence-Based Medicine
was used to determine the qualitative
validity.*

Statistical analysis

Due to the heterogeneity of the articles, the
difference in reported variables, and the
inclusion of only two randomized con-
trolled clinical trials, three objective out-
comes could be extracted to perform the
meta-analysis. The meta-analysis consisted
of a weighted average for survival, success,
and MBL, based on a random-effects mod-
el, with a confidence interval of 95%. The
statistical analysis was performed using R
3.0.2 software (R Foundation for Statistical
Computing, Vienna, Austria).

Results

The search of the Medline database via
PubMed resulted in a total of nine articles
that were considered. After assessment
against the defined inclusion and exclu-
sion criteria, nine articles were selected
(Table 1). One RCT was excluded because
an article with the same study population
and a longer follow-up period was
found.*' The overall proportion of inter-
reviewer agreement was 100%, indicating
an ‘excellent’ level of agreement.

Types of studies

The selected studies included the following
study types: two randomized controlled
trials,*>** six prospective studies,*®** 3
and one retrospective study.*’ The studies
reported cases of single-tooth gap, partial,
or fully edentulous patients and implant
placement in the anterior and posterior
regions of both the maxilla and mandible
(Table 1).

Implants and demographic data

All implants placed in the studies included
in this review were manufactured by the
same company from a Ti—Zr alloy (Rox-
olid; Institut Straumann AG). Tissue-level
and bone-level implants were used, with a
reduced implant diameter of 3.3 mm.
Bone-level implants had a conical shape
and a narrow cross-fit connection. Tissue-
level implants had a cylindrical shape and
a4.8-mm platform, with a machined collar
design. In contrast to titanium NDIs, Rox-
olid NDIs are recommended for the resto-
ration of anterior and posterior teeth.

Table 1. Studies included in the review and the main results.

Success

Survival

Number of  Number of Type/area of

Number of

Rate

Rate
95.2%

Follow-up
24

Mean bone loss
0.16 + 0.42 (1Yr); 0.33 +0.54

Q2Yr)

edentulism
Mx/Md FPD

implants failures

patients

Type of study

Author

95.2%

21

22

Prospective single cohort

Barter et al. (2012)°%

100% 100%

Mx/Md, SC, Not reported (<1 mm) Up to 24

51

18

Prospective

Chiapasco et al. (2012)*

100%

100%

12

0.22 £0.29 Ti; 0.29 £ 0.37

Ti-Zr (6m)

FPD, CPD, OD
Mx/Md, SC

40 20

Randomized Controlled

Trial

Benic et al. (2013)*?

0.40 £ 0.53 Ti; 0.41 £ 0.56

Ti-Zr (1Yr)

0315

100% 100%

Up to 24

Mx/Md, SC, FPD,

FCD, OD

52

23

Prospective single cohort

Akga et al. (2013)*

97.5%
95.2%
98.7%

100%
95.2%
98.7%

Up to 16
12
36

0.57 £ 0.63 Ti; 0.58 £+ 0.60

0.55 £ 0.50
Not reported
Ti-Zr (24m)

Mx/Post, SC

Mx, OD
Md, OD

40
21
75

75

Retrospective
Prospective
Randomized Clinical
Trial

Tolentino et al. (2014)*

Cordaro et al. (2013)*°
Quirynen et al. (2015)*

0.60 £ 0.71 Ti; 0.78 £ 0.75

Ti-Zr (36m)

96.4%

97.6%

Reported, not stadarized 24

10 Mx/Md, SC, FPD,
FCD, OD

603

357

Prospective

Al-Nawas et al. (2015)*

non-interventional

Prospective

94.7%

94.7%

12

0.35

Mx/Md, SC, FPD

39

20

Lambert et al. (2015)*

Mzx, maxilla; Md, mandible; SC, single crown; FPD, fixed partial denture; CPD, cantilevered fixed partial denture; FCD, fixed complete denture; OD, overdenture.



A total of 607 patients received 922
narrow diameter Ti—Zr implants. Follow-
up ranged from 3 to 36 months (Table 1).
The patients treated ranged in age from 21
to 76 years, and a higher proportion of
women than men were treated in the studies.

Implant placement and loading protocols

Most of the studies followed early or
delayed implant placement protocols
according to the classification of Esposito
et al.”® Two articles included immediate
implant placement.*’*® Early or delayed
loading protocols as defined by Weber
et al. in 2009 were mostly used.”' Imme-
diate loading was only described in three
articles, 444748

Clinical outcomes

For this review, the clinical outcomes of
the nine studies were evaluated in terms of
the survival and success rates and MBL.
Only one of the nine studies did not pres-
ent well-defined success criteria.*?
Reported survival rates ranged from
94.7% to 100% and success rates from
94.7% to 100%. Three articles presented a
sample size of 20 patients.”***** One
implant failed in each test group in two
articles and two implants in the other,
causing a drop in the survival rate.

Three studies reported mean pocket
probing  depths, with values of
2.69 £ 0.8 mm,” 3.0 £0.74 mm,” and
2.9 + 1.2 mm.*? Another study presented
a mean probing pocket depth that ranged
from 2.21 to 2.89 mm after two years of
loading.® Mean MBL ranged from
0.16 £ 0.42 mm to 0.41 £ 0.56 mm at 1
year after implant placement, and from
0.33 £ 0.54 mm to 0.58 £ 0.60 mm at 2
years. Only one study reported MBL after
3 years of follow-up, with a value of
0.78 £ 0.75 mm (Table 1).**

After normalization of the results, a
weighted average was obtained with a
confidence interval of 95% for survival,
success, and mean MBL. At 12 months
after implant placement, the survival and
success rates of the 901 implants were
98.4% and 97.8%, respectively, and the
MBL reported for 156 implants was
0.36 = 0.06 mm. At 24 months, the sur-
vival and success rates of 676 implants
were 97.7% and 97.3%, respectively, and
the MBL reported for 148 implants was
0.41 £ 0.09 mm (Figs 2-7).

Surgical and prosthetic complications

Surgical complications described in these
articles were limited to local inflammation
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Author
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Mean [95%C]

CHIAPASCO 2012

L] 1.000[1.000, 1.000]

TOLENTINO 2014 —_ 0.952[0.932,0072]
BENIC 2013 u 1.000[1.000,1.000]
AKCA 2013 L] 1.000[1.000,1.000]
CORDARO 2013 | 1.000[1.000, 1.000]
QUIRYNEN 2015 HIH 0.989[0.986,0.992]
AL-NAWAS 2015 u 0.978[0.978,0.978]
RE Model —eaaiipe— 0.990 [0.979, 1.001]
T T T T 1
0920 0940 0960 0980 1.000
Fig. 2. Survival rates after 1 year.

Author Mean [95%CI|
BARTER 2012 —_ 0.952[0.933,0.971]
AKCA 2013 u 1.000[1.000,1.000]
AL-NAWAS 2015 ] 0.976[0.976,0.976]
RE Model e R — 0.977[0.951,1.004]

I T T T 1
0.920 0.840 0.860 0.880 1.000
Observed Outcome

Fig. 3. Survival rates after 2 years.

in one patient.”® In the other studies, no
surgical complications occurred. Quirynen
et al. reported five cases of minor inflam-
mation during the healing phase.** No im-
plant fractures occurred in the articles
reviewed. The most frequently reported
prosthetic complications in the study of
Quirynen et al. were prosthesis fracture
in nine cases (19%), loosening of a pros-
thetic component in three cases (6%), and
prosthetic maintenance in three cases
(6%).** In another study, four patients
(18.2%) had prosthetic complications such

as abutment screw loosening.*® An absence
of mobility and no need for prosthesis
repair was reported in one study.* There
was a 100% prosthetic success rate in three
studies.*****®  Prosthetic complications
were not assessed in the other studies.

Bone regeneration needs

No bone regeneration was performed in
three of the studies.”>*>*® Minor bone
regeneration for small defects such as
fenestrations or dehiscences was performed
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Author

Mean [95%CI]

CHIAPASCO 2012

L 1.000 [1.000, 1.000]

TOLENTINO 2014 —_ 0.952[0.932,0.972]
BENIC 2013 u 1.000 [1.000,1.000]
AKCA 2013 ] 1.000 [1.000, 1.000]
CORDARO 2013 —a— 0.975[0.967 ,0.983]
QUIRYNEN 2015 i 0.966 [0.961,0.971]
AL-NAWAS 2015 n 0.976 [0.976 ,0.976]
RE Model ——— 0.982[0.969 ,0.996 ]
I | T T |
0920 0940 0950 0980 1.000

Obsered Outcome

Fig. 4. Success rates after 1 year.

at the time of implant placement in two
studies.*®** In the study by Cordaro et al.,
bone regeneration was avoided in four out
of 10 patients (40%) with the use of NDIs.*’
Another study, using immediately loaded
NDIs in partially edentulous patients,
reported the same outcome.”® More than
half of the patients (54%) avoided augmen-
tation procedures in a non-interventional
study.*’ Finally, bone regeneration was not

required in 11 out of 18 patients (61%) ina
prospective study by Chiapasco et al.**

Discussion

The use of Ti—Zr dental implants is well
documented in several in vitro®> > and
experimental studies in animals,*>>*¢"°
and these have shown similar results to

Author Mean [95%C]]
BARTER 2012 —_—— 0.952[0.933,0.971]
AKCA 2013 n 1,000 [1.000,1.000]
AL-NAWAS 2015 L] 0.964 [0.963,0.965 ]
RE Model e — 0.973[0.945,1.001]

T T T T 1
09820 0940 0960 0980  1.000
Observed Outcome

Fig. 5. Success rates after 2 years.

conventional grade IV titanium implants.
The clinical evidence on Ti—Zr NDIs was
analyzed in this review. The nine articles
included here reported the use of 922 Ti—
Zr NDIs in 607 patients, with a follow-up
period of between 3 and 36 months. Very
recently, Miiller et al. reported the 5-year
follow-up of a double-blind, controlled,
randomized clinical trial comparing Ti—
Zr with titanium NDIs in a split-mouth
design.®® The cumulative survival rate of
98.9% and bone level change of
—0.60 mm confirmed the favourable
results of Ti—Zr implants as presented 3
years after implant placement.*

In most of the articles, the definition of a
successful implant was that reported by
Buser et al.®' In the studies included in the
present review, all survival and success
rates were high (94.7% to 100%) and
similar to those reported for standard di-
ameter implants.(’2 o4

Two different designs of Ti—Zr implants
were used, namely tissue-level and bone-
level implants. Romeo et al. compared
Straumann tissue-level implants with a
reduced diameter (3.3 mm) with standard
diameter implants (4.1 mm) and found no
statistically significant difference in the
MBL.*' In the randomized clinical trial
by Quirynen et al, Ti—Zr bone-level
implants were compared to titanium grade
IV bone-level implants.”> The MBL
values were similar in the two groups,
which is consistent with the results of this
review. The MBLs for Ti—Zr NDIs with
tissue-level and bone-level configurations
were similar to those reported for titanium
implants of similar designs.®* **

Ti—Zr NDIs were used in the anterior
and posterior areas of both jaws and with
all types of prosthetic designs. Although
single tooth gaps in the anterior area with
reduced mesiodistal space or a narrow
alveolar ridge are the main indications
described in the literature for the use of
NDIs, other indications are also known.
According to a recent systematic review,
patients with a single tooth gap and those
who are partially edentulous in the poste-
rior areas can be treated with NDIs."'

Kobayashi et al. compared the tensile
strength of pure titanium, alloys containing
Zr, and pure zirconium and reported 2.5- to
3-times higher tensile strength for Ti—Zr
alloys."5 In a recent study, the tensile
strength of Ti-—Zr, with a value of
953 MPa, was found to be approximately
40% greater than that of commercially pure
titanium grade IV.°° It seems clear that
there is a risk of fracture when using NDIs,
but that the risk can be minimized by
choosing the strongest materials. The frac-
ture of a tissue-level Roxolid NDI was
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Author Mean [95%Cl]
BARTER 2012 - 0.16[-0.02,0.34 ]
BENIC 2013 —_— 041[ 0.16,066]
CORDARO 2013 —— 0.55[ 0.40,0.70]
QUIRYNEN 2015 —— 0.34[ 022,046 ]
RE Model ——— 0.36[ 0.20,0.53]
I | | | |
-020 000 020 040 0860 080
Observed Outcome
Fig. 6. Mean marginal bone loss after 1 year.
described recently.®” In the clinical case Immediate loading of the Ti-Zr

presented, a single implant was placed in
the canine area with a telescopic abutment
to retain a removable partial denture. The
reason for failure, according to the article,
was mechanical overload and not following
the manufacturer’s indications for the use
of NDIs. In the studies summarized in the
current review, no fractures of the NDIs
were described. Long-term follow-up data
are needed for NDIs placed in load-bearing
areas.

implants was described in three of the
studies. Only 3% of the cases were imme-
diately loaded in one study,”’ and one
patient received immediate loading in
the study by Chiapasco et al.** Immediate
loading was performed in all of the
patients in one of the studies included,
with a survival rate of 94.7% and a success
rate of 94.7%, even though this is not
routinely needed in daily practice.*® One
interesting fact about this latter study is

Author Mean [95%CI]
BARTER 2012 = 0.33[0.10,0.56]
AKCA 2013 —— 0.32[0.25,0.39]
QUIRYNEN 2015 —— 0.58[044,0.72]
RE Model e —— 041024 ,059]

T I T 1
0.00 0.20 0.40 0.60 0.80

Observed Qutcome

Fig. 7. Mean marginal bone loss after 2 years.
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that immediate provisionalization was
performed in conjunction with bone aug-
mentation in 40% of the cases.

Bone augmentation is used widely and
is considered to be a predictable technique
to reconstruct a deficient alveolar ridge.®
1068 One of the most interesting facts
about NDIs is their potential ability to
reduce the need for bone regeneration,
because less residual bone is needed for
implant insertion.®>’® Several authors
have reported the placement of NDIs in
compromised situations. In a prospective
clinical trial, implants with a diameter of
3.5 mm were placed in edentulous patients
with horizontal atrophy and followed for
at least 1 year; the resulting survival and
success rates were 100% and the MBL was
0.30 £ 0.13 mm."* In another study, 3.3-
mm TPS ITI implants were placed in
partially and fully edentulous patients with
an overall survival rate of 99.4% and
success rate of 96.4% after 1 year of
loading; the MBL was
0.35 4+ 1.05 mm.”" Both of these studies
showed similar results to those presented
in this review. In a recent study by Papa-
dimitriou et al., significantly less bone
regeneration was needed when NDIs were
planned for placement in edentulous
patients.”> This was also described in
the article by Chiapasco et al. included
in this review, in which only seven out of
18 patients with horizontally deficient
ridges required additional guided bone
regeneration.”* Lambert et al. found no
need for bone regeneration at 40% of all
implant sites, thus confirming that NDIs
are a less invasive treatment option.*®

After evaluating grafting needs when
using Ti—Zr NDIs, it is reasonable to
expect an increase in patient satisfaction
due to reduced complexity, costs, and
duration of treatment. Accordingly, in a
recent review by Pommer et al., minimally
invasive treatment options such as flapless
implant placement, short implants, or
NDIs were compared to bone augmenta-
tion techniques. The evidence was limited,
but it was concluded that patient satisfac-
tion was generally higher with less bone
grafting.”” The quality and level of evi-
dence was limited in general and with a
high risk of bias, so caution is advised
when interpreting these data.

In conclusion, narrow diameter Ti—Zr
dental implants show high survival and
success rates (>95%) and marginal bone
level changes (<1 mm) that are compara-
ble to those of regular diameter titanium
implants in the short term (investigated
follow-up periods of up to 36 months).
The first results of the 5-year outcomes of
Ti—Zr implants recently became available,
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confirming the excellent clinical perfor-
mance of Ti—Zr even after a longer period
of follow-up.6° Therefore, NDIs made
from this new alloy, which has increased
mechanical strength and excellent
biocompatibility properties, appear to be
a reliable treatment option to restore a
reduced mesiodistal space, reduced crestal
width (narrow ridge), and reduced amount
of interradicular space. Arguably one of
the most relevant benefits for the patient is
the reduction in complexity, duration, and
costs of treatment due to the less frequent
requirement for bone grafting. If used as
recommended, the new alloy implants ap-
pear to be a reliable treatment option.
More long-term follow-up clinical data
are needed to confirm the evidence in
the present studies.
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