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ABSTRACT

Background: Few long-term follow-up studies on treatment concepts using computer numeric control-milled titanium
frameworks have been conducted.

Objective: To evaluate the clinical and radiographic performance of implant-supported prostheses provided with
computer numeric control-milled titanium frameworks in the edentulous jaw and to compare their performance during
the first 5 years of function with that of prostheses provided with conventional cast gold alloy frameworks.

Materials and Methods: A consecutive group of 126 edentulous patients were randomly provided with 67 prostheses with
titanium frameworks (test group) in 23 upper jaws and 44 lower jaws and with 62 conventional prostheses with gold
alloy castings (control group) in 31 upper jaws and 31 lower jaws. Clinical and radiographic 5-year data were collected
for the test and control groups.

Results: The frequency of problems was low, and clinical and radiologic performances were similar in both groups. In the
test group, the 5-year cumulative survival rates (CSRs) were 94.9% and 98.3% for implants and titanium prostheses,
respectively. The respective corresponding CSRs for the control group were 97.9% and 98.2%. More loaded implants
were lost in the maxillas in the test group (p < .01), but this difference was not significant on the patient/prosthesis level
(p > .05). Smokers lost more implants than nonsmokers lost (p < .01). Similar survival rates were observed for implants
in the mandible. One prosthesis was lost in each group because of the loss of implants. Metal fractures were seen only in
the control group, and resin veneer fractures were more frequent in the maxilla in the gold alloy group (p < .05). In the
test group, the mean marginal bone loss was 0.5 mm (SD, 0.44) in the maxilla and 0.4 mm (SD, 0.50) in the mandible. A
similar pattern of bone reaction was observed in the control group. Mean marginal bone loss was similar for smokers and
nonsmokers (p > .05).

Conclusion: Computer numeric control-milled titanium frameworks are a viable alternative to gold alloy castings in the
edentulous jaw and present clinical and radiologic performances similar to those of conventional gold alloy frameworks
during the first 5 years of function.
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as was shown in an experimental study in which
mucosal attachments were formed to titanium abut-
ments but were absent at gold abutments.'* Supra-
construction in titanium also reduces the number of
metals introduced into the oral cavity. Furthermore,
titanium allows for other techniques for framework
fabrication, such as laser welding of premachined

1-5,1
>13 or the use of

titanium framework components
computer numeric controlled (CNC) milling proce-
dures.®'® These alternative techniques may allow better

control of distortion,'>!>

which is induced by conven-
tional casting procedures."> A digitized fabrication
process also provides alternative “platforms” on which
the fabrication of the CNC framework could be
based.''” A recent in vitro study showed that a
“digital platform” (created through three-dimensional
photogrammetry) could be an accurate alternative to a
conventional “impression/plaster model platform”
when producing frameworks.'® This option was tested
in a clinical pilot study, with encouraging results.'”

Several modifications of the design of premachined
titanium framework components have been tested.'™"°
These changes were made mainly to improve the
industrial process as well as the precision and the
mechanical strength of the framework.”®'* Follow-up
studies have indicated that the titanium prostheses
compare favorably with those made by conventional
casting techniques, and few biologic problems have
been reported for their use in the treatment of the
edentulous jaw.>'> However, the early generations of
laser-welded titanium frameworks showed a higher
incidence of fractures when compared with conven-
tional cast frameworks, especially in relation to the
welding joints at the terminal abutments.® To reduce
the risk of fractures of the frameworks, a CNC milling
procedure to machine a one-piece metal frame in
titanium was developed,® and early clinical experience
was that these titanium frameworks show a clinical
performance similar to that of conventional cast frame-
works during the first 3 years of function.”'?

The purpose of the present study was to report the
5-year clinical and radiographic performance of CNC-
milled titanium prostheses supported by implants and
to compare the results of this treatment with the results
of treatment with conventional cast gold alloy frame-
works in the edentulous jaw. It was hypothesized that
the titanium frameworks would be comparable with
the gold alloy frameworks.

MATERIALS AND METHODS

Patient Inclusion

This was a prospective 5-year follow-up study per-
formed at one clinic (The Branemark Clinic, Géteborg,
Sweden). Edentulous patients were consecutively
provided with fixed implant-supported prostheses
after abutment connection from November 1996 to
February 1998. Patients receiving bone grafts or par-
ticipating in other clinical studies that could affect
either the design of the prosthesis or the follow-up
protocol were excluded. One hundred twenty-six
patients fulfilled the criteria to be included in the
study. These patients were randomly provided either
with titanium frameworks (test group) or with con-
ventional cast gold alloy frameworks (control group) as
described in two earlier publications.”'? The study
started with prosthesis insertion, but data on all in-
stalled implants are also given. The ethical board at
Goteborg University approved the study.

Test Group

The test group comprised 65 patients (32 women and
33 men) with a mean age of 66.8 years (standard
deviation [SD], 10.8; range, 49—85 years) at the time
of first surgery. Twenty-three prostheses were placed in
maxillas, and 44 prostheses were placed in mandibles.
Two patients were treated in both jaws.

No general health problems were reported for
26 patients (40%). Thirteen patients were medicated
for cardiovascular problems, 11 patients had allergies,
and 23 patients had other general health problems.
Twenty-one patients (32%) reported smoking habits.
The status of the opposite jaw at the time of implant
placement is shown in Table 1.

Bone quality and bone resorption of the treated
jaws (Table 2) were classified ad modum Lekholm &
Zarb at the time of first surgery."® In total 368 implants
were placed, supporting 334 standard abutment cylin-
ders, 28 angulated abutments, and 2 EsthetiCone™
abutments (Nobel Biocare AB, Goteborg, Sweden). For
58 patients implant surgery was performed according
to standard two-stage surgical procedure'’; two of
these patients were treated in both jaws. Seven patients
received implants in the edentulous mandible accord-
ing to a one-stage surgical protocol.”’ In the upper jaw
6 to 8 (mean, 6.7; SD, 0.9) Branemark System”
implants (Nobel Biocare AB) were placed, and 4 or 5



Clinical Experiences of Computer Numeric Control-Milled Titanium Frameworks Supported by Implants in the Edentulous Jaw 201

Table 1 Status of the Opposite Jaw at the
Time of Implant Placement

Test (CNC)

Control (Au)

Maxilla/Mandible  Maxilla/Mandible

Status 44/23 31/31

Complete denture 25/1 13/2

Implant-supported 3/9 716
prosthesis

Overdenture 1/0 1/0
supplemented
by implant

Fixed prosthesis 10/9 7/16
and natural teeth

Removable partial 4/4 2/5
denture

Implant-supported 1/0 1/2

prosthesis and
natural teeth

Au = Gold-Alloy; CNC = computer numeric controlled.

(mean, 4.9; SD, 0.3) Brdnemark System implants were
placed in the lower jaw.

The patients were provided with titanium frame-
works (described elsewhere in more detail).® In brief,
the technique for fabricating the prostheses followed
the laboratory standard protocol up to the completion
of the try-in of the tooth setup. Thereafter a resin
pattern was made to reproduce the design of the final
titanium framework (Figure 1). The shape of the plastic
pattern was scanned, and precise information on the
positions of the implants in the master cast was then

Table 2 Distribution of Treated Jaws with
Regard to Bone Quality and Bone Resorption

According to Index by Lekholm and Zarb'® at
the Time of First Surgery

Bone Resorption*

Bone

Quality A B C D E
1l — 1/1 2/0 0/1 2/1
2 2/2 24/15 3/5 2/0 —
3 2/3 11/11 14/8 0/5 —
4 — 1/2 3/7 0/1 —

*Values show number of test jaws/control jaws.

Figure 1 Stages of prosthesis fabrication. The final try-in base
with artificial resin teeth (bottom) is the guide for fabrication
of the “resin pattern” (top). The completed titanium framework
is shown in the middle.

added by measuring the master model in a coordinate
measuring machine. When all the data were collected
in the computer, a framework was milled as a copy of
the resin pattern in one piece of grade 2 titanium
(Figure 2). The titanium framework was refined and
polished by the technician, and after clinical try-in, the
prostheses were completed by curing resin teeth to the

Figure 2 Left, a solid block of titanium. Right, a completed
framework before separation from the block.
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metal frame, following standard procedures as used for
cast frameworks.”! One manufacturer, Nobel Biocare
AB, fabricated all the CNC frameworks (Procera®
Implant Bridge).

After insertion and final tightening of the bridge
locking screws, the patients were scheduled for check-
ups for after 1, 3, and 5 years. Recalls on an individual
basis were used when indicated. However, all patients
were encouraged to contact the clinic whenever they
had problems with their prostheses.*>*’ Intraoral apical
radiography was performed at the time of prosthesis
insertion and at the first and fifth annual checkups.
Bone loss was measured and assessed to the closest
0.3 mm in relation to the implant reference point
(placed 0.8 mm below the implant/abutment junction)
on the mesial and distal sides of the implant.*** A
mean value between the mesial and distal sides was
used in the statistical analyses.

Control Group

The control group comprised 61 patients (32 women
and 29 men) with a mean age of 66.5 years (SD,
10.9 years; range, 41-88 years) at the time of first
surgery. Thirty-one prostheses were placed in upper
jaws, and 31 prostheses were placed in mandibles. One
patient was treated in both jaws.

Twelve patients (20%) reported no general health
problems. Seventeen patients were being medicated
for cardiovascular problems, 19 patients were allergic,
and 26 patients had other general health problems.
Twenty-two patients (36%) reported smoking habits.
The status of the opposite jaw at the time of implant
placement is shown in Table 1.

Bone quality and bone resorption at the time of
first surgery are presented in Table 2. Implant treat-
ment was performed according to a standard two-stage
surgical procedure for all patients.'” The patients
received 5 or 6 Branemark System implants (mean,
5.1; SD, 0.3) in the edentulous mandible and 4 to
8 implants (mean, 6.5; SD, 1.2) in the edentulous
maxilla. A total of 361 implants were placed, provided
with 340 standard abutments, 18 angulated abutments,
and one EsthetiCone abutment at a second surgical
stage. Conventional fixed prostheses with cast gold
alloy frameworks and resin teeth were fabricated
according to standard procedure.>*' Annual clinical
and radiographic recalls were performed in the same
way as for the test group.

Registration

Data were collected on the following factors:

1. Number of patients, along with age, gender,
general health, and smoking habits

Status of the opposite jaw

Bone quality and quantity

Number of inserted and failed implants

e won

Number of clinical appointments from prosthesis

insertion to 5-year checkup

6. All problems encountered during the study period
after placement of the prostheses

7. Marginal bone loss

The definitions of outcome of treatment with
fixed implant-supported prostheses and performance
of the original prostheses during follow-up for test
and control groups have been described previously by
the authors."

Statistics

Cumulative survival rates (CSRs) for implants and
cumulative success/survival rates for prostheses were
calculated according to life table techniques.”® The
Fisher exact test was used to evaluate differences for
reported problems in the maxilla and mandible for the
test and control groups.”® The Mann-Whitney test was
used to analyze relationships between smoking habits
and bone loss.”® The same method was used for
comparing data on smoking habits and on the number
of implant failures. The level of statistical significance
was set at the 5% level.

RESULTS
Patients Lost to Follow-Up

Twenty-six patients (21%) were lost to follow-up during
the study period (Tables 3 and 4). With the exclusion
of 16 deceased patients, the follow-up rate was 92%.
Altogether, 12 (18%) of the 65 patients in the test
group were lost to follow-up during the study period:
6 patients died, 1 patient moved away, and the remain-
ing 5 patients did not show up for recall appointments.
One patient was withdrawn after being recorded as
a failure in the test group during the second year of
follow-up, owing to the loss of all six implants.

In the control group 14 patients (23%) were lost to
follow-up: 10 patients died, and 4 patients did not
show up for examinations. One patient was withdrawn
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Table 3 Life Table Analysis of Implants and Prosthesis Placed and Lost During 5 Years and Number

of Followed and Lost Patients in the Maxilla

Placed/Examined Failed Lost to Follow-up CSR
Period Patients Implants Prosth. Implants Prosth. Patients Implants Prosth. Implants % Prosth. %
Test (CNC)
1st Surgery 23 153
Prosth. Con. 23 150 23 3 98.0
1Yr 22 140 22 4 1 6 1 95.1 100
2 Yr 20 126 20 6 1 8 1 90.5 94.9
3 Yr 19 120 19 2 1 4 1 88.9 94.9
4 Yr 19 120 19 88.9 94.9
5Yr 17 107 17 1 2 12 2 94.9
Total 17 107 17 16 5 30 5 88.0 94.9
5 Yrs loaded 89.8
Control Au
1st Surgery 31 203
Prosth. Con. 31 201 31 2 99.0
1Yr 29 187 29 2 10 1 96.8 96.5
2 Yr 26 173 26 3 14 3 96.8 96.5
3 Yr 25 164 25 1 1 8 1 96.6 96.5
4 Yr 23 153 23 2 11 2 96.6 96.5
5Yr 23 153 23 96.6 96.5
Total 23 153 23 7 8 43 7 96.6 96.5
5 Yrs loaded 97.2

Au = Gold-alloy; CNC = computer numeric controlled; CSR = Cumulative survival rate for implants, cumulative survival modified rate for prostheses;

Prosth. = prostheses; Prosth. Con. = prostheses connection.

during the first year of follow up owing to the loss
of one implant, followed by change from a fixed pros-
thesis to an overdenture supported by the remaining
implants (see Tables 3 and 4).

Implant Stability

Altogether, 24 (3.3%) of 729 inserted implants in the
test and control groups were found to be loose and
were removed during the 5-year follow-up period (see
Tables 3 and 4). None of these implants were one-stage
inserted implants. Six implants (0.8%) were found to
be loose before the prostheses had been connected, and
18 (2.5%) were removed after the prostheses had been
connected. One patient with bone quality 2 and bone
resorption C lost all 6 installed implants, 3 patients lost
2 implants each, and 12 patients lost 1 implant each.
Seventeen of the 24 loose implants were placed in
patients who were smokers, and one smoking patient

lost all 6 implants. Failures were statistically more
frequent in smokers as compared to nonsmokers, on
the patient level (p < .01) as well as on the implant
level (p < .05).

There was significantly more loss of loaded im-
plants in the upper jaw in the test group as compared
to the control group (including the patient with
six lost implants) (p < .01). However, this difference
was not observed on the patient level (p > .05). The
failure rate was very low in the lower jaw, and no
differences were found between the groups (p > .05).
Overall 5-year implant CSRs of 94.9% and 97.9%
were determined for the test group and control
group, respectively.

Prosthesis Stability

One framework in the test group failed owing to the
loss of all six inserted implants during the second year,



204

Clinical Implant Dentistry and Related Research, Volume 6, Number 4, 2004

Table 4 Life Table Analysis of Implants and Prosthesis Placed and Lost During 5 Years and Number

of Followed and Lost Patients in the Mandible

Placed/Examined Failed Lost to Follow-up CSR
Period Patients/Prosth. Implants  Implants  Prosth.  Patients/Prosth.  Implants  Implants % Prosth. %
Test (CNC)
1st Surgery 44 215
Prosth. Con. 44 214 1 99.5
1Yr 44 214 99.5 100
2 Yr 40 195 4 19 99.5 100
3 Yr 39 190 - 5 99.5 100
4 Yr 37 180 - 2 10 99.5 100
5Yr 37 180 - 99.5 100
Total 37 180 1 0 7 34 99.5 100
Control (Au)
1st Surgery 31 158
Prosth. Con. 31 158 100
1Yr 29 148 2 10 100 100
2 Yr 27 138 2 10 100 100
3 Yr 26 133 1 5 100 100
4 Yr 24 123 2 10 100 100
5Yr 100 100
Total 24 123 0 0 7 35 100 100

Au = Gold-alloy; CNC = computer numeric controlled; CSR = cumulative survival rate for implants, cumulative success rate for prostheses;

Prosth. = prostheses; Prosth. Con. = prostheses connection.

and the patient received a denture in the upper jaw
instead (see Table 3). During the third year, one
prosthesis in the test group was shortened because of
the loss of two implants in the maxilla, and the pa-
tient received a partial removable denture retained by
the implant-supported prosthesis. Another titanium
prosthesis in the upper jaw was shortened owing
to the loss of one implant during the fifth year. The
two shortened prostheses were recorded as “‘survival,
modified” (Table 5). No framework fractured in the
test group.

In the control group, one prosthesis was removed
from an upper jaw because of the failure of one
implant during the first year and was replaced by an
overdenture supported by the four remaining implants
(see Table 3). Another prosthesis in the control group
was shortened because of an implant failure. Two
frameworks fractured in the control group but were
resoldered and maintained in function (listed as “sur-
vival, modified” in Table 5). The difference in fracture
rate was not statistically significant (p > .05).

Overall 5-year prosthesis CSRs (survival, modified)
of 98.3% and 98.2% were found for the test group and
control group, respectively.

Follow-Up Maintenance

The distribution of patients with regard to the number
of clinical appointments per year is presented in
Table 6. Few patients required an extensive number
of appointments to maintain the prostheses. On aver-
age, patients in the test group and the control group
visited the clinic for checkups and maintenance
1.3 times (SD, 1.3) and 1.4 times (SD, 1.4) per year,
respectively, during the 5-year follow-up period.
Twenty-two patients (34%) in the test group had
no problems at all with their prostheses or implants
during the postinsertion period. In the control group
16 patients (26%) reported no problems. The fre-
quency of problems was low, and fewer problems were
observed in the mandible. More resin veneer fractures
in the upper jaw were reported in the control group than
in the test group (p < .05). Because of acrylic-tooth
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Table 5 Outcome of Treatment with Fixed Implant-Supported Prostheses and Performance of

Original Prostheses after 5 years of Follow-up in the Mandible and Maxilla

Fixed Prosthesis Treatment

Original Prosthesis Performance

Test Control Test Control
n % n % n % n %

Maxilla

Success 17 73.9 23 74.2 15 65.2 17 54.8

Survival 0 0 0 3 9.7

Survival modified 2 8.7 3 9.7

Failure 1 4.3 3.2 1 4.3 1 3.2

Withdrawn 5 21.7 7 22.6 5 21.7 7 22.6
Mandible

Success 37 84.1 24 77.4 37 84.1 24 77.4

Survival 0 0 0 0

Survival modified 0 0

Failure 0 0

Withdrawn 7 15.9 22.6 7 15.9 7 22.6

n = number of prostheses.

fractures, the veneers on three maxillary prostheses in
the control group had to be exchanged in the labora-
tory during the second, third, and fifth years, respec-
tively. One of these prostheses also received an
“occlusal table” of gold alloy on the palatal side (listed
as “survival” in Table 5). Also, losses of fillings at
the screw site were more common in the maxilla
in patients in the control group (p < .001). No

statistical significances for reported problems in the
mandible were found between the test and control
groups (p > .05) (Table 7).

Radiography

Mean marginal bone levels and mean marginal bone
losses are presented in Tables 8 and 9. No statistically
significant differences between test and control groups

Table 6 Distribution of Patients with Regard to Number of Clinical Appointments per Year (%)

Follow up

No. of Appointments per Year (%)

No.of Patients

Year (Test/Control) 0 1 2to 4 5to 7 8to 10 >10
Maxilla
1 22/29 5/0 0/0 86/79 0/14 5/7 5/0
2 20/26 40/15 45/58 5/8 5/8 0/4 5/8
3 19/25 0/0 74/76 21/8 0/8 5/8 0/0
4 19/23 68/65 26/22 5/13 0/0 0/0 0/0
5 17/23 0/0 82/91 12/9 6/0 0/0 0/0
Mandible
1 44/29 0/3 0/0 98/93 0/3 2/0 0/0
2 40/27 50/41 42/56 8/4 0/0 0/0 0/0
3 39/26 8/12 79177 10/8 3/4 0/0 0/0
4 37/24 68/88 24/12 8/0 0/0 0/0 0/0
5 37/24 0/0 95/92 5/4 0/4 0/0 0/0
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Table 7 Distribution of Reported Problems for the CNC and Au Group During 5 Years in Function

Number of Occurences, Number Of Patients Within Brackets

Test (CNC) Control (Au)

Problem Maxilla 23 Mandible 44 Maxilla 31 Mandible 31
Resin veneer fracture* 10 (8) 2 (2) 23 (10) 3 (3)
Soft-tissue inflammation 1(1) 3(2) 3 (3) 2 (2)
Cheek/lip biting 0 2 (2) 0 2 (2)
Implant loss before insertion 3(2) 1(1) 2 (2) 0
Implant loss after insertion 13 (6) 0 5 (5) 0
Loss of access hole filling 3 (3) 4 (4) 23 (15) 5 (5)
Speech problem 2 (2) 0 1(1) 0
Loose screws/Fracture screws 0 0 0 0
Implant component fracture 0 0 1 (1) 0
Framework fracture 0 0 2(2) 0
Other problems 10 (8) 7 (7) 4 (4) 6 (5)

Au = Gold-alloy; CNC = computer numeric controlled.

*All resin veneer fractures except 2 in test group and 3 in control group were mended at the laboratory.

or between smokers and nonsmokers could be shown
(p > .05).

DISCUSSION

The present study showed an overall good treatment
result indicating mainly similar clinical and radiologic
performance for the two types of frameworks. Only one
implant failed in the edentulous mandibles, and this
low frequency of implant failure in the lower jaw is in
accordance with other studies with similar groups of
patients.»*” All implants lost after prosthesis placement
were lost from the maxilla. This pattern of more

implant failures in the upper jaw is well documented
and is also in accordance with other studies.*****’
Another observation that corroborates other studies is
that implants may occasionally be lost in clusters in the
upper jaw.'"** Thus, in this study one patient in the
test group lost all six implants during the second year,
and the number of loose implants was thereby signifi-
cantly increased for this group of patients. As no
significant difference in implant survival between tita-
nium and cast frameworks has been shown in earlier
comparable studies™® and as no other signs of different
biologic responses to titanium frameworks have been

Table 8 Mean Marginal Bone Level in Relation to the Radiographic Implant Reference Point (mm)

Mean Marginal Boneloss During the First Year and the Entire 5-Year Follow Up Period, Calculated

by Means of Intra-individual Comparisons (mm)

Bonelevel Boneloss
Loading After 1 Year After 5 Years 0to 1 Year 0 to 5 Years
Group n Mean (SD) n Mean (SD) n Mean (SD) Mean (SD) Mean (SD)
Maxilla
Test (CNC) 22 0.9 (0.46) 20 1.2 (0.60) 16 1.2 (0.6) 0.4 (0.35) 0.5 (0.41)
Control (Au) 31 0.9 (0.66) 29 1.2 (0.69) 23 1.2 (0.49) 0.3 (0.31) 0.4 (0.45)
Mandible
Test (CNC) 44 0.4 (0.36) 44 0.8 (0.43) 37 0.9 (0.55) 0.4 (0.33) 0.4 (0.50)
Control (Au) 31 0.4 (0.45) 28 0.8 (0.55) 24 1.1 (0.64) 0.4 (0.40) 0.7 (0.54)

Au = Gold-alloy; CNC = computer numeric controlled.
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Table 9 Numbers of Implants with Regard to Bone Level (mm) after 5 Years and Bone Loss (mm)

During 5-Years Follow-up for Individual Implants

Bone Level After 5 Years

Bone Loss During 5 Years

No. of Implants: Test Control Test Control
mm Mandible Maxilla Mandible Maxilla Mandible Maxilla Mandible Maxilla
0* 43 15 25 20 76 38 37 67
<0.5 19 4 5 4 28 14 13 18
0.5-1.0 38 17 18 28 34 27 19 33
>1.0-1.5 54 35 49 68 31 14 37 30
>1.5-2.0 15 25 14 24 5 14 10 5
>2.0-2.5 4 4 8 11 3 4

>2.5-3.0 5 3 1 1 2

>3.0—4.0 2 4 1 1 1

>4.0-5.0 2 1

Total 180 107 123 153 180 107 123 153

*Increased bone level is registered as 0 mm.

observed in this study, the significant difference in
implant survival between test and control groups in
the present study should rather be attributed to factors
other than the design or material of the titanium
framework. Instead, the cluster pattern in this study
may be related more to smoking habits, which have
been shown to be the cause of significant increases of
implant failures in other studies as well.”*>

The biologic response to treatment (reflected as
bone loss during the follow-up period) was favorable,
and there were low levels of average bone loss (see
Tables 8 and 9). Bone loss in the upper and lower jaws
was similar for the two groups and was well in
accordance with earlier studies.*'"*** No statistical
difference in bone loss could be observed between
smokers and nonsmokers in the present study. This
result could not confirm earlier reported correlations
between bone loss and smoking habits.’**® Further-
more, it is possible to observe that the overall number
of implants with bone levels placed 2 mm below the
reference point after 5 years and implants with > 2 mm
of bone loss after 5 years are not the same in the present
material (see Table 9). Accordingly it seems important
to report both bone levels and bone losses of individual
implants so as to allow full information on this aspect.
Altogether 47 of 563 implants (8.3%) presented a bone
level that was > 2 mm below the reference point after
5 years of follow-up, but only 13 (2.4%) of the implants
showed a bone loss of > 2 mm during these 5 years (see
Table 9). The interpretation of this must be that some

implants heal with a bone level that is already placed
below the reference point from the start. Accordingly,
the observation of an ongoing bone loss indicating
a possible periimplantitis’” was rare in the present
study, which is in accordance with some reports®*’
but not with others, indicating a higher incidence of
bone loss.>

Two major reasons for using this CNC one-piece
milling technique were to reduce the risk of metal
fractures and to reduce the cost of the material in the
framework. Earlier studies on laser-welded titanium
frameworks indicated significant problems with frame-
work fractures, basically related to the welding joints at
the terminal abutments.>>® The present results show
no fractures at all with this one-piece technique, which
is in accordance with another follow-up study on the
same type of framework.”® Accordingly, it is reasonable
to assume that the risk of fractures of titanium frame-
works is clearly reduced by replacing laser-welding
procedures with a one-piece milling technique. Also,
as regards fractures, frameworks produced with this
CNC milling procedure compare favorably with cast
frameworks. Since titanium and gold alloy basically
have comparable levels of strength, the observed dif-
ference in framework fractures may be related to design
rather than to metal strength. When working with gold
alloy frameworks, technicians may make wax-ups with
more slender dimensions than they would with the
more inexpensive titanium, to reduce cost. If this is the
case, the technician will also increase the dimensions of
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the titanium framework for better support of the
veneering material and for deeper screw access holes.
These differences in design and dimensions may have
a relation with the lower incidence of framework
fractures, but they also may play an important role
in significantly reducing the risk of veneer fractures
(p < .05) by means of better metal support as well as
reducing the risk of loose access hole fillings (p < .05)
by means of deeper metal screw access holes and better
retention for the composite resin.

Few mechanical problems were recorded for the
implant components, and no fractures in the one-piece
titanium frameworks were reported, observations that

compare favorably with those of other studies.”®'"*

Compared to groups in other studies,>***’

patients in
the present test group needed fewer appointments for
maintenance during the first year as well as during the
following 4 years of follow-up, and the pattern of visits
was similar for the control group. This could be taken
as an indication that the present treatment protocol of
restoration with implants in edentulous patients has
reached a steady-state level except for the resin veneer
fractures. As discussed above, more fractures of resin
veneers were seen in the control group, and the
fractures were more common in the upper jaws for
both groups, as was also reported earlier.”'"** How-
ever, early experiences with titanium frameworks
showed significantly greater problems with veneer
fractures when compared to gold alloy frameworks.’
The situation today is the opposite, indicating im-
provement as a result of learning.'® Nevertheless,
improvement of the supraconstruction, whatever metal
has been used, has to be made with better acrylic resin
matrix and interocclusal metal on the palatal side of the
upper jaw in patients affected with overloading and
grinding. Thus in the light of present data, long-term
trends of improved implant survival,”” reduced bone
loss at implants,”® a lower incidence of framework
fractures,”® and fewer complications and maintenance
appointments®** over time indicate a future for this
treatment modality, with further control of the few
remaining clinical problems such as veneer fractures.

CONCLUSION

Titanium frameworks made by the CNC milling tech-
nique (eg, the Procera Implant Bridge) present clinical
and radiologic performances similar to those of con-

ventional cast gold alloy frameworks in the edentulous
jaw during the first 5 years of function and caused few
complications during the study period. The results of
this study show that titanium frameworks fabricated by
CNC milling can be used as alternatives to cast frame-
works for full-arch implant-supported prostheses.

ACKNOWLEDGMENT

The authors gratefully acknowledge biostatistician
Emma Jaensson for her statistical assistance and
guidance.

REFERENCES

1. Sjogren G, Andersson M, Bergman M. Laser welding of tita-
nium in dentistry. Acta Odontol Scand 1988; 46:247-253.

2. Jemt T, Lindén B. Fixed implant-supported prostheses with
welded titanium frameworks. Int ] Periodontics Restorative
Dent 1992; 12:177-184.

3. Jemt T. Three-dimensional distortion of gold alloy castings
and welded titanium frameworks. Measurements of the
precision of fit between completed implant prostheses
and the master casts in routine edentulous situations.
J Oral Rehabil 1995; 22:557-564.

4. Rubenstein JE. Stereo laser-welded titanium implant
frameworks. Clinical and laboratory procedures with a
summary of 1-year clinical trials. ] Prosthet Dent 1995;
74:284-293.

5. Bergendahl B, Palmqvist S. Laser-welded titanium frame-
work for implant-supported fixed prostheses: a 5-year re-
port. Int J Oral Maxillofac Implants 1999; 14:69-71.

6. Jemt T, Biack T, Petersson A. Precision of CNC-milled
titanium frameworks for implant treatment in the edentu-
lous jaw. Int J Prosthodont 1999; 12:209-215.

7. Ortorp A, Jemt T. Clinical experiences of implant-
supported prostheses with laser-welded titanium frame-
works in the partially edentulous jaw. A 5-year follow-up
study. Clin Implant Dent Relat Res 1999; 2:84-91.

8. Ortorp A, Lindén B, Jemt T. Clinical experiences of laser-
welded titanium frameworks supported by implants in the
edentulous mandible. A 5-year follow up study. Int J Pros-
thodont 1999; 12:65-72.

9. C)rtorp A, Jemt T. Clinical experiences of CNC-milled tita-
nium frameworks supported by implants in the edentulous
jaw: 1-year prospective study. Clin Implant Dent Relat Res
20005 1:2-9.

10. Ortorp A, Jemt T. Développement des aramatures en titane
pour la prothése implantaire. Implant 2001; 7:169-175.

11. Jemt T, Bergendal B, Arvidson K, et al. Implant-supported
welded titanium frameworks in the edentulous maxilla. A
5-year prospective multi-center study. Int J Prosthodont
2002; 15:544-548.



Clinical Experiences of Computer Numeric Control-Milled Titanium Frameworks Supported by Implants in the Edentulous Jaw 209

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ortorp A, Jemt T. Clinical experiences of CNC-milled tita-
nium frameworks supported by implants in the edentulous
jaw: a 3-year interim report. Clin Implant Dent Relat Res
2002; 2:104-109.

Helldén L, Ericson G, Elliot A, et al. A prospective 5-year
multicenter study of the Cresco implantology concept. Int
] Prosthodont 2003; 16:554—562.

Abrahamsson I, Berglundh T, Glantz P-O, Lindhe J.
The mucosal attachment at different abutments. An
experimental study in dogs. J Clin Periodontol 1998; 25:
721-727.

Ortorp A, Jemt T, Bick T, Jalevik T. Comparisons of pre-
cision of fit between cast and CNC milled titanium im-
plant frameworks for the edentulous mandible. Int J
Prosthodont 2003; 16:194-200.

C)rtorp A, Jemt T, Bick T. Photogrammetry and conven-
tional impressions for recording implant positions. A com-
parative laboratory study. Clin Implant Dent Rel Res.
(Submitted)

Jemt T, Bick T, Petersson A. Photogrammetry—an alter-
native to conventional impressions in implant dentistry?
A clinical pilot study. Int J Prosthodont 1999; 12:363-368.
Lekholm U, Zarb GA. Patient selection and preparation.
In: Branemark P-I, Zarb GA, Albrektsson T, eds. Tissue-
integrated prostheses: osseointegration in clinical dentistry.
Chicago: Quintessence, 1985:199-210.

Adell R, Lekholm U, Brdnemark P-I. Surgical procedure.
In: Branemark P-I, Zarb GA, Albrektsson T, eds. Tissue-
integrated prostheses: osseointegration in clinical dentistry.
Chicago: Quintessence, 1985:211-232.

Randow K, Ericsson I, Nilner K, Petersson A, Glantz P-O.
Immediate functional loading of Branemark dental im-
plants. An 18-month clinical follow-up study. Clin Oral
Implants Res 1999; 10:8-15.

Zarb GA, Janson T. Prosthodontic procedures. In:
Branemark P-I, Zarb GA, Albrektsson T, eds. Tissue-
integrated prostheses: osseointegration in clinical den-
tistry. Chicago: Quintessence, 1985:241-282.

Jemt T. Failures and complications in 391 consecutively
inserted fixed prostheses supported by Branemark implants
in edentulous jaws: a study of treatment from the time of
prosthesis placement to the first annual checkup. Int J Oral
Maxillofac Implants 1991; 6:270-276.

Gothberg C, Bergendal T, Magnusson T. Complications
after treatment with implant-supported fixed prostheses:
a retrospective study. Int J Prosthodont 2003; 16:201-207.
Hollender L, Rockler B. Radiographic evaluation of
osseointegrated implants of the jaws. Dentomaxillofac
Radiol 1980; 9:91-95.

Strid KC. Radiographic results and radiographic proce-
dures. In: Branemark P-I, Zarb GA, Albrektsson T, eds.
Tissue-integrated prostheses: osseointegration in clinical
dentistry. Chicago: Quintessence, 1985:187-198, 317-327.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Colton T. Statistics in medicine. Boston: Little, Brown,
1974.

Ekelund J-A, Lindqvist LW, Carlsson GE, Jemt T. Implant
treatment in the edentulous mandible: a prospective study
on Brdnemark system implants over more than 20 years.
Int J Prosthodont 2003; 16:602—608.

Friberg B, Jemt T, Lekholm U. Early failures in 4,641 con-
secutively placed Branemark dental implants: a study from
stage one surgery to the connection of completed pros-
theses. Int J Oral Maxillofac Implants 1991; 6:142-146.
Esposito M, Hirsch J-M, Lekholm U, Thomsen P. Bio-
logical factors contributing to failures of osseointegrated
oral implants. (1). Success criteria and epidemiology. Eur
J Oral Sci 1998; 106:527-551.

Ekfeldt A, Christiansson U, Eriksson T, et al. A retrospec-
tive analysis of factors associated with multiple implant
failures in maxillae. Clin Oral Implants Res 2001; 12:
462-467.

De Bruyn H, Collaert B. The effect of smoking on early
implant failure. Clin Oral Implants Res 1994; 5:260-264.
Gorman LM, Lambert PM, Morris HF, Ochi S, Winkler S.
The effect of smoking on implant survival at second-stage
surgery. Implant Dent 1994; 3:165-168.

Bain CA, Moy PK. The association between the failure of
dental implants and cigarette smoking. Int J Oral Maxillo-
fac Implants 1993; 8:609-615.

Eliasson A, Palmqvist S, Svensson B, Sondell K. Five-year
results with fixed complete-arch mandibular prostheses
supported by 4 implants. Int J Oral Maxillofac Implants
20005 15:505-510.

Jemt T. Fixed implant-supported prostheses in the eden-
tulous maxilla. A five-year follow-up report. Clin Oral
Implants Res 1994; 5:142-147.

Lindqvist LW, Carlsson GE, Jemt T. Association between
marginal bone loss around osseointegrated mandibular
implants and smoking habits: a 10-year follow-up study.
J Dent Res 1997; 76:1667—1674.

Esposito M. On biological failures of osseointegrated oral
implants. PhD thesis, Institute of Anatomy and Cell
Biology, University of Goteborg, Goteborg, Sweden,
1999.

Engquist B, Astrand P, Anzén B, et al. Simplified meth-
ods of implant treatment in the edentulous lower jaw. A
controlled prospective study. Part 1: One-stage versus
two-stage surgery. Clin Implant Dent Relat Res 2002; 2:
93-103.

Adell R, Eriksson B, Lekholm U, Branemark P-I, Jemt T. A
long-term follow-up study of osseointegrated implants in
the treatment of totally edentulous jaws. Int J Oral Maxil-
lofac Implants 1990; 5:347-359.

Cox JF, Zarb GA. The longitudinal clinical efficacy of
osseointegrated dental implants: a 3-year report. Int J Oral
Maxillofac Implants 1987; 2:91-100.



Copyright of Clinical Implant Dentistry & Related Research is the property of B.C.
Decker Inc. and its content may not be copied or emailed to multiple sites or posted to
a listserv without the copyright holder's express written permission. However, users
may print, download, or email articles for individual use.



