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Purpose: Bone resorption following tooth loss often limits the quantity of bone available for implant
placement. The purpose of the present study was to evaluate the clinical outcome of 10-mm or shorter
machined-surface implants when used exclusively in the treatment of various forms of edentulism.
Materials and Methods: Two hundred sixty-nine screw-type Branemark System implants (Nobel Bio-
care), 10 mm or shorter, were placed in 111 consecutively treated patients. Of the total, 88.8% were
placed in the mandible and 11.2% were placed in the maxilla; 95.2% were used to treat partially eden-
tulous situations, including single-tooth losses, of which 96.6% were in the premolar and molar
regions. The patients were followed for periods of 12 to 92 months. Results: Of the 269 placed
implants, 12 were lost. The overall survival rate was 95.5%. Bone quality 2 and 3 (Lekholm-Zarb classi-
fication of 1985) was found in 88.8% of the treated sites. There was no statistical difference in the
survival rate of the 10-mm implants when compared to the shorter series (P > .05) or between the var-
ious implant diameters. The mean marginal bone loss was 0.71 + 0.65 mm. Discussion: The failure
rate of 4.5% compares favorably with that of implants of different shape, surface characteristics, and
length. Bone quality appeared to be the critical factor in implant survival, rather than bone quantity, in
this patient series. Conclusions: This study supports the survival of short, machined-surface implants
when used for the treatment of partial edentulism in bone of good quality. INT ] ORAL MAXILLOFAC
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he high clinical success rate of endosseous

implants in the treatment of different forms of
edentulism has been well documented. Several
short- and long-term studies have clearly demon-
strated the efficacy of implants in the replacement of
missing teeth.!* Bone resorption following tooth
loss often limits the quantity of bone available for
implant placement. When resorption occurs in areas
of poor bone quality and strong masticatory forces,
treatment options may include augmentation proce-
dures or the exclusive use of short implants. Clinical
strategies to improve the success rate of implants
placed in sites with reduced bone quantity have
included the use of large-diameter implants,* rough-
surfaced implants for greater bone-to-implant con-
tact,’ or simply a greater number of implants.
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It is difficult to ascertain precisely the number of
implants that is needed to meet a patient’s func-
tional demands. It is directly related to several
anatomic and functional factors that may greatly
influence the outcome of therapy.> The number is
often overestimated to meet the possible changes in
function and later manifestation of parafunctional
habits that may jeopardize osseointegration or cause
metal fatigue and biomechanical failure. The treat-
ment strategy often favors providing the patient
with the maximum amount of supporting units
within anatomic limitations.

Several factors may influence the outcome of
therapy and therefore the decision-making process
in treatment planning. Most of them have yet to be
quantified and mathematically related. Functional
factors include the magnitude of the occlusal forces
in function and parafunction and the point of appli-
cation of these forces relative to the long axes of the
implants. Prosthetic factors include the crown-to-
implant ratio and the dimension and morphology of
the prosthetic crown. Anatomic and occlusal factors
are related to bone quality and quantity, the
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Fig 1a Replacement of missing mandibular molars by 3 short
implants (4 X 85 mm, 4 X 7 mm, and 5 X 6 mm). Radiograph
taken after 2 years of loading.

mesiodistal length of the edentulous space, and the
maxillomandibular jaw relationship. Factors related
to the hardware include the configuration and size
of the implants and their surface characteristics.
However, more comparative studies are needed to
determine the influence of these parameters on the
outcome of therapy.

Technical factors may also influence the treat-
ment results. Variations in bone site preparation
will affect the initial stability of the implant and its
congruency with the host bed. Better results can be
achieved when the surgical placement of the
implant is under greater control.” All of these fac-
tors will dictate the number, size, and distribution
of the implants in the arch and provide an estimate
of the implants needed, although the final decision
is often based on clinical perception rather than
objective figures.

The purpose of the present study was to deter-
mine the long-term fate of 10-mm or shorter
machined-surface implants when placed in anatomic
sites of limited bone height.

MATERIALS AND METHODS

A total of 111 patients—45 men and 66 women with a
mean age of 53.6 years (range, 22 to 80)—were con-
secutively treated and followed beginning in June
1994. All had limited bone height, mostly in the pos-
terior parts of their jaws, and required implant-sup-
ported fixed restorations to treat various stages of
edentulism according to the Applegate-Kennedy clas-
sification.® All presented with bone loss that required
the exclusive placement of 10-mm or shorter implants
(Figs 1a to 1c¢). Each was reluctant to undergo
advanced surgical treatment and accepted short
implants as the only alternative for the replacement of

Fig 1b Replacement of missing maxillary molars by 2 short
implants (both 5 X 8 mm). Radiograph taken 6 years after load-
ing.

Fig 1c Replacement of a missing mandibular first molar by a
5.5 X 8.5-mm wide-platform implant. Radiograph taken 2 years
after loading.

their missing teeth by fixed restorations. However, in
the posterior maxilla, where bone height in the subsi-
nus area was less than 8 mm and width of the crest did
not permit the placement of a wide-diameter implant,
patients were advised of the greater failure rate associ-
ated with 7-mm regular-platform (RP) implants, and
therapeutic decisions were made accordingly. This
clinical situation represented an exclusion criterion.

Pretreatment records included a medical history,
a full-mouth long-cone series of periapical radi-
ographs, and a panoramic radiograph. Computer-
ized tomography (CT) was prescribed when vital
anatomic structures could not be determined pre-
cisely with conventional radiographs. A complete
dental and periodontal evaluation was done during
planning of the treatment. Patients with periodontal
disease were treated and controlled before implant
treatment was started.

A total of 269 machined-surface implants (Nobel
Biocare, Goteborg, Sweden), all 10 mm or shorter,
were used in this study. Patients who were treated
during the same period with short implants mixed
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Fig 2 Distribution of patients according to months of follow-up. Two patients were
operated on at different times in different quadrants, making the total number of

observation periods 113.

Table 1 Loss of Patients to Follow-up,
Postoperative Interval

No. of No. of Severe illness
Year patients implants or death
1 2 9 —
2 3 8 —
3 6 21 3
4 2 2 1
5 0 0 —
6 2 6 —
7 0 0 —
8 0 0 —

with longer implants in the same prosthetic restora-
tion were excluded from the study. Two hundred
fifty-six implants were placed following a standard
surgical protocol (2-stage surgical approach) and 13
were placed using a 1-stage procedure. In the latter
situation, implants were directly connected to a
healing abutment at the time of placement. Surgical
site preparation, particularly the drilling sequence,
was altered when poor bone quality was encoun-
tered to ensure greater primary stability and better
congruency between the implant and the surround-
ing bone. After a healing period of 4 months in the
mandible and 4 to 6 months in the maxilla (healing
duration was based on bone quality), abutments
were connected. The prosthetic treatment was initi-
ated following soft tissue healing. Porcelain-fused-
to-metal crowns were fabricated for all partially
edentulous patients; 78 restorations were screw-
retained and 33 were cemented.

The patients were followed for a period ranging
from 12 to 92 months (Fig 2). They were seen
every 6 to 12 months for examination and mainte-
nance. Fifteen patients, accounting for 46 implants,
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were lost to follow-up at different postoperative
intervals (Table 1). None of the restorations was
retrieved for evaluation of the outcome of the indi-
vidual implant. The implant was considered as sur-
viving when no clinical or radiographic signs of
failure could be detected.

Radiographic Evaluation

Periapical radiographs were obtained using a long-
cone technique and a noncustomized paralleling
device (XCP positioner; Rinn, Elgin, IL) at abut-
ment connection and at the last follow-up examina-
tion and were analyzed for peri-implant bone loss.
The radiographs were considered for analysis when
the threads on the mesial and distal side of the
implants were distinctly visible. The reference point
for evaluation of bone loss was the edge between
the conical and the cylindric parts of the implant
head. For the 5-mm RP implant, the abutment-
implant connection was used as reference point. All
measurements were made under a magnifying loupe
(X8) using a Digimatic caliper (Mitutoyo, Tokyo,
Japan) by a calibrated operator.

Statistical Analysis

The chi-square test and contingency tables were
used for statistical analysis. Implants of different
diameters and lengths were compared. All signifi-
cance tests were 2-tailed and conducted at the 95%
significance level.

RESULTS

Patient distribution according to months of follow-
up is reported in Fig 2; 81.4% of patients had at
least 24 months of postoperative loading at the time
the study was concluded.

COPYRIGHT © 2003 BY QUINTESSENCE PUBLISHING CO, INC.
PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



TAWIL/YOUNAN

Implant distribution according to type of eden-
tulism is reported in Table 2: 12.3% of implants were
used for single-tooth replacement, 4.8% for com-
pletely edentulous patients, and 82.9% for partially
edentulous situations. (Three patients presented with
2 different types of edentulism in the same or oppo-
site jaw.) The total number of clinical situations
treated was 114. Implant distribution by arch and
site is shown in Table 3: 88.8% of implants were
placed in the mandible and 11.2% were placed in the
maxilla; 96.6% were placed in premolar and molar
sites and only 3.4% replaced incisors or canines.

sites treated, type 2 bone in 29.4% of the mandibu-
lar sites treated, type 3 in 59.5% of the treated sites
in both jaws, and type 4 in 10% of the treated sites
in both jaws. The final tightening force at which the
implants were finally seated is reported in "Table 6;
93.25% of the implants were placed at 40 Nem. No
implant was left in place if it was found to be unsta-
ble at the time of placement.

S . . Table 2 Implant Distribution and No. of Failed
Distribution of the implants according to length Implants According to the Type of Edentulism
and diameter is shown in Table 4. Five different T ‘ No. of Implants
. ype o 0.0
le'ngths 6, 7, 8, 8.5, and 10 mm) and 4 different R e Placed Failed
diameters (3.3, 3.75, 4, and 5 mm) were used. One
hundred fifty-three implants were 10 mm long, 46 Class | 35 110 ’
Class Il 41 95 2
were 8.5 mm, 27 were 8 mm, 27 were 7 mm, and 16
6 1 Class Il 7 18 0
were 6 mm o'ng.' . . . Complete 8 13 0
Implant distribution according to bone quality Single-tooth 28 33 3
(Lekholm-Zarb classification and Applegate- Total 114 269 12

Kennedy classification) is reported in Table 5.8
Type 1 bone was found in 1.1% of the mandibular

*Applegate-Kennedy classification.
Note: Three patients presented with 2 types of edentulism.

Table 3 Implant Distribution and No. of Failures by
Arch and Site
No. (%) placed No.

Incisors Canines Premolars Molars Total failed
Maxilla 1(0.4) 0 4 (1.5) 25(9.3) 30(11.2) 2
Mandible 5(1.9) 3(1.1) 46 (17.1) 185 (68.7) 239 (88.8) 10
No. placed 6 (2.3) 3(1.1) 50 (18.6) 210 (78) 269 (100) —
No. failed 0 0 1 11 — 12

Table 4 Distribution of Implants According to Length and

Diameter (n = 269)

Implant length

Implant
diameter 6 mm 7 mm 8 mm 8.5 mm 10 mm
3.3 mm
Maxilla
Mandible 1(0.4%)
3.75 mm
Maxilla 1(0.4%) 2 (0.7%)
Mandible 14 (5.2%) 25 (9.3%) 67 (24.9%)
4 mm
Maxilla 5(1.9%)
Mandible 10 (3.7%) 12 (4.5%) 23 (8.5%)
5mm
Maxilla RP 7 (2.6%) 4 (1.5%)
Maxilla WP 1(0.4%) 10 (3.7%)
Mandible RP 16 (5.9%) 20 (7.4%) 1(0.4%) 27 (10%)
Mandible WP 3(1.1%) 6 (2.2%) 14 (5.2%)
Total 16 27 27 46 153

RP = regular-platform; WP = wide-platform.
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Of the 269 implants placed, 12 were lost (Table
7). Five were 7 mm long, one was 8 mm long, two
were 8.5 mm long, and four were 10 mm long. Two
were placed in type 2 bone, 8 in type 3 bone, and 2
in type 4 bone. Two implants were lost because of
early loading, 3 were lost in a patient suffering from
osteoporosis, and 1 fractured in a severe bruxer,
whose adjacent 7-mm-long implant connected to a
2-unit prosthesis was apparently lost because of func-
tional overload. Two implants were placed in very
dense bone and failed as a result of overheating of
the site at the time of preparation, and in 3 sites, the
cause of failure could not be identified. Six implants
were lost at the time of abutment connection, and 6
were lost at various postoperative intervals.

Four late-failing implants were lost 1 to 3 years
after loading. In one case (1 implant), the cause

Table 5 Implant Distribution According to

Bone Quality

Bone quality*
Location 1 2 3 4

Maxilla 0 0 21(7.80%) 9 (3.34%)
Mandible 3 (1.10%) 79 (29.36%) 139 (51.70%) 18 (6.70%)

*According to Lekholm and Zarb.

Table 6

could not be identified. In one case totaling 3
implants, the patient suffered from severe osteo-
porosis as a consequence of renal failure. Altogether,
8 implants were successfully replaced by implants of
equal or shorter length. The initial survival rate was
95.5%. The final survival rate following replacement
of the 8 initially lost implants was 98.5%. When the
survival rate of 10-mm implants was compared to
that of the shorter implants, no statistical difference
was found (P > .05) (Table 8). With respect to the
different implant diameters, no statistical difference
was found between the survival rate of 3.75-mm, 4-
mm, and 5-mm implants (P > .05) (Table 8).

Bone loss was measured on the mesial and distal
side of each implant using the edge between the
conical and the cylindric part of the implant as a
reference point.

The mean marginal bone loss over the observation
period was 0.71 + 0.65 mm; 8.9% of the sites lost
more than 1.5 mm, ranging from 1.60 to 3.18 mm.

DISCUSSION

"The present study suggests the predictability of short,
machined-surface implants used predominantly in the

Implant Distribution According to Final

Tightening Force

Tightening force

Location 10 Nem 20 Ncm 30 Nem 40 Ncm 45 Ncm
Maxilla 1(0.40%) 5(1.85%) 5(1.85%) 19 (7.00%) —
Mandible 1(0.40%) — 1(0.40%) 232 (86.25%) 5 (1.85%)

Table 7 Distribution of Failed and Replaced Implants

Dimensions of

Bone Type of Implant Torque replacement Torque Failed Replaced Cause of
Site  quality* edentulism® dimensions (mm) (Ncm) implants (mm) (Necm) (n=12) (n=38) failure
36 2 | 3.75 X 10 40 5 X 7 (WP) 40 2 2 Fracture
37 2 3.75 X7 40 5 X 6 (RP) 40
37 3 Single 5 X 10 (WP) 40 5 X 10 (WP) 40 2 2 Unknown
47 3 5 X 10 (WP) 40 5 X 10 (WP) 40
47 3 Single 5 %X 8.5 (WP) 40 — — 1 — Unknown
26 4 | 5 X 10 (WP) 40 5 X 8.5 (WP) 2 2 Early loading
27 4 5 X 8 (RP) 40 5 X 7 (WP)
35 3 | 4X7 40 — — 3 — Osteoporosis
36 3 4 X7 40 — —
37 3 5 %X 8.5 (RP) 40 — —
46 3 Il 3.75 X 7 4 X7 40 2 2 Dense bone
47 8 3.75 X 7 5 X 6 (RP) 45 overheating

*Lekholm and Zarb classification.

TApplegate-Kennedy classification.

Tooth numbers: 35 = Mandibular left second premolar; 36 = mandibular left first molar; 37 = mandibular left second molar; 46 = mandibular right first
molar; 47 = mandibular right second molar; 26 = maxillary left first molar; 27 = maxillary left second molar.

WP = wide platform; RP = regular platform.
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Table 8 Survival Rate According to Implant

treatment of posterior partial edentulism. An overall
initial failure rate of 4.5% was found, which compares
favorably with other reports in which implants of
greater length were used.!®!! However, it is impor-
tant to determine the precise clinical situations in
which the implants were used and the
inclusion/exclusion criteria that were selected. Only
11.2% of the implants in the present series were
placed in the maxilla, predominantly in the posterior
segments. Of the 30 maxillary implants placed, 9
were 8.5 mm or shorter and 21 were 10 mm long
(Table 4). Also, 73.3% of the implants were of the
large-diameter series. In situations of limited bone
height (less than 8 mm), limited bone width (less than
7 mm), and poor bone quality (type 4), short implants
were used more cautiously in the maxilla (11.2%) as
compared to the mandible (88.8%), and large-diame-
ter implants were preferred whenever the bone site
width permitted. Only 10% of the sites were type 4
bone. It is interesting to note that the 2 maxillary fail-
ures occurred in bone of very low density, but all the
mandibular failures were placed in acceptably dense
bone. No statistical difference could be determined
between the maxillary and mandibular implants
because of the unmatched size of the 2 groups.

It has been observed repeatedly that short,
threaded implants are more likely to fail in clinical
situations where limited bone height and poor bone
quality are present.”>”1> In a study by Becker and
coworkers!'® of 282 implants placed in molar posi-
tions, 184 were 10 mm or shorter. Eleven of 132
mandibular implants were lost, resulting in a sur-
vival rate of 91.7%, and 9 of 52 maxillary implants
failed, for an overall survival rate of 82.7%. The
failures were attributed to poor bone quality and
lack of bicortical stabilization in the molar position.

A higher failure rate has been reported for short
implants versus longer implants.!”~!” Buser and asso-
ciates'® found a trend for better results with increas-
ing implant length. Bahat’ also found a higher failure
rate for 7-mm implants (9.5%, compared to 3.8%
for longer implants), but no differences were found
between implants placed in type 4 bone as compared
to type 3 or 2 bone, or between implants placed in
molar as compared to premolar positions.

An increase in the failure rate has been observed
in the maxilla when compared to the mandible,!-??
regardless of the implant surface quality. In a study
conducted by Jemt!'” of 449 implants placed in
totally edentulous maxillae, 108 machined-surface
implants were 7 mm in length. An overall survival
rate of 92.1% was reported after 5 years. However,
15 of the 7-mm implants were lost during the first 3
years of loading, as compared to 16 of 341 implants
that were 10 mm or longer during the same period

TAWIL/YOUNAN

Dimensions

Implant No. No. Survival
dimensions placed failed rate (%)
Length

<10 mm 116 8 93.1

10 mm 153 4 97.4
Diameter

3.75 mm 109 4 96.3

4 mm 50 2 96.0

5 mm 109 6 94.5

P > .05; chi-squared test.

of observation. Friberg and colleagues®® reported a
7.1% failure rate of 7-mm machined-surface
implants placed in the edentulous maxilla, as com-
pared to a 3.1% failure rate in the mandible, and
attributed the difference to poor bone quality in the
maxilla and early loading induced by wear of a
removable prosthesis. Block and coworkers,?! who
investigated hydroxyapatite-coated cylinders, con-
cluded that 8-mm-long implants should be avoided
in posterior mandibles and that mechanical and
inflammatory factors were the main causes of failure.
Short, rough-surfaced implants, particularly the 8-
mm length, had the lowest survival rate when com-
pared to a longer length group.?* This rate showed a
rapid decline after 4 to 6 years in function, reaching
79.5% at 8 years for the hydroxyapatite-coated
implants. A significant difference in the survival rate
was found between implants placed in the maxilla
(80.3%) and those placed in the mandible (90.8%).
"To compensate for the reduced support of short,
machined-surface implants, rough surfaces have
been recommended because of the apparently
greater bone-to-implant contact and higher
removal torque.”’?® Ten Bruggenkate and associ-
ates?? reported a 93.8% cumulative survival rate
after 6 years using 6-mm implants in different areas
of the jaw. However, of 253 implants placed, only
45 (17.6%) were placed in the maxilla, and many
were placed in combination with longer implants to
support full-arch prostheses. Most of the failures
occurred in the maxilla. The authors attributed the
higher success rate to the implant design and sur-
face quality. However, the combination of short
implants with longer implants was recommended
for better biomechanical resistance to stress and
strain. Deporter and coworkers,*® using 7- to 9-mm
implants with a sintered porous surface to replace
mandibular premolars and molars, obtained a 100%
survival rate after a mean functional time of 32.6
months. The sintered surface increased the bone-
to-implant contact by 3 to 4 times, along with
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mechanical interlock at the implant-bone interface;
this was believed to be the main reason for the high
survival rate.

Conversely, in severely atrophic mandibles, short
machined-surface implants supporting predomi-
nantly fixed prostheses were placed and achieved a
survival rate of 92.3% at 10 years.’! In a meta-
analysis by Cochran,*? failures of smooth-surfaced
implants were more numerous than those of rough-
surfaced implants. However, more randomized clin-
ical trials are needed to clearly define the indica-
tions for implant surface and configuration in
specific clinical situations.

The survival rate found in the present series
using machined-surface implants is comparable to
those of previous reports. It may be attributed to
bone quality (90% of the sites were of type 2 or 3),
the precise preoperative evaluation, and meticulous
surgical and prosthetic treatment. Each missing
tooth was individually replaced by the longest and
widest implant possible, given the available bone at
the implant site. However, prosthetic restorations
with unfavorable parameters are often fabricated to
complete the treatment.’3** It is not possible to
conclude from this study that the survival rate
would have been equally high in bone of very poor
density, although the maxillary implants in the pre-
sent series were mostly of large diameter, were
placed in type 3 or 4 bone, and showed a survival
rate of 93.3%. In assessing the implant survival rate,
it is important to take into account multiple factors
that intervene in the establishment and mainte-
nance of osseointegration, with implant length and
surface being only 2 of the variables.

Stability of the standard 3.75-mm implants
over time was compared to that of 4-mm implants
in a 3-year follow-up study by Henry and cowork-
ers.>> More short 3.75-mm implants were lost over
time, raising the failure rate from 4.9% to 7.3%,
whereas only 1 of 33 4-mm implants was lost after
3 years of function. The failure rate was also
higher for 3.75-mm implants when compared to
those with 4-mm diameter.!* In the present series,
the failure rate of 3.75-mm implants was 1.8%, as
compared to 4% for the 4-mm group and 4.1% for
the 5-mm group. These differences were not sta-
tistically significant (P > .05). When the survival
rate of 10-mm implants was compared to that of
the shorter implants, no statistical difference was
found (P > .05).

Peri-implant marginal bone loss has been
reported at between 0.4 and 0.96 mm during the
first year after loading. In the present study, the
mean marginal bone loss over the observation
period was 0.71 £ 0.65 mm.

900 Volume 18, Number 6, 2003

Paresthesia of the lower lip has been mentioned
as one of the significant complications following
implant placement in the posterior mandible.*® It is
interesting to note that in spite of the limited bone
height in the present series, the need to benefit
from all the bone volume available to anchor short
implants, and the subsequently higher risk of dam-
aging the dentoalveolar nerve, no neurovascular
complications were observed. The placement of
short implants in limited bone height will not
induce greater nerve damage if the necessary surgi-
cal precautions are taken and careful preoperative
assessment of the situation is performed.

CONCLUSIONS

The results of the present study support the use of
short, machined-surface implants in the treatment
of partial edentulism. Bone quality appears to be a
critical factor in planning the treatment of partial
posterior edentulism, as compared to bone quantity.
In situations of good bone quality but limited quan-
tity, predictable results can still be obtained with
implants that are 10 mm or shorter. Occlusal forces
on the posterior implants are variable and will also
affect implant survival.
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