
C
O

P
Y

R
IG

H
T

©
 2001 B

Y
Q

U
IN

T
E

S
S

E
N

C
E

P
U

B
LIS

H
IN

G
C

O
, IN

C. P
R

IN
T

IN
G

O
F

T
H

IS
D

O
C

U
M

E
N

T
IS

R
E

S
T

R
IC

T
E

D
T

O
P

E
R

S
O

N
A

L
U

S
E

O
N

LY. N
O

P
A

R
T

O
F

T
H

IS
A

R
T

IC
LE

M
A

Y
B

E
R

E
P

R
O

D
U

C
E

D
O

R
T

R
A

N
S

M
IT

T
E

D
IN

A
N

Y
F

O
R

M

W
IT

H
O

U
T

W
R

IT
T

E
N

P
E

R
M

IS
S

IO
N

F
R

O
M

T
H

E
P

U
B

LIS
H

E
R .

668 Volume 16, Number 5, 2001

Implants and Sinus-Inlay Graft in a 1-Stage 
Procedure in Severely Atrophied Maxillae: 

Prosthodontic Aspects in a 3-year Follow-up Study
Jan-Ivan Smedberg, DDS, PhD1/Björn Johansson, DDS2/Jan Ekenbäck, DDS1/Karin Wannfors, DDS, PhD3

The aim of this 3-year prospective study was to evaluate the prosthetic treatment in 2 groups of maxil-
lary edentulous patients with similar age and gender distribution: a study group of 39 patients treated
with intra-sinus block bone grafts and implants in a 1-stage procedure, and a control (reference) group
of 37 patients treated with implants and no grafting. In the study group, bone volumes were regarded
as insufficient for implant treatment unless a bone grafting procedure was performed (posterior alveo-
lar bone height was less than 5 mm). Self-tapping Nobel Biocare implants were used in both groups of
patients. In the study group, 35 fixed partial dentures and 4 overdentures were placed, and in the con-
trol group 34 fixed partial dentures and 3 overdentures were placed. All patients were followed for at
least 3 years. The 3-year follow-up examination included examination of a number of clinical parame-
ters as well as the type of abutment and evaluation of stability of prosthesis retention screws and
abutment screws. During the follow-up period, 2 patients were lost from the study group and 4
patients from the control group, giving a total of 70 patients available for examination after 3 years
(8% dropout rate). Both the amount of plaque and gingival bleeding were significantly lower in the
study group than in the control group. The presence of attached gingiva was 25% in the study group
and 35% in the control group. The number of angulated abutments was significantly higher in the
study group than in the control group. There was no significant difference in the number of prosthetic
complications in the 2 groups of patients. Neither was there any significant difference in prosthesis
screw or abutment screw stability between the 2 groups. The type of abutment did not significantly
influence the stability of prosthesis retention screws or abutment screws in either of the groups. How-
ever, prosthesis screw stability was significantly  greater than abutment screw stability in both groups
of patients. It can be concluded that the prosthetic outcome was similar in the 2 groups of patients,
regardless of whether or not a bone grafting procedure was used. (INT J ORAL MAXILLOFAC IMPLANTS

2001;16:668–674)

Key words: bone grafts, complications, dental implants, maxillary prosthesis 

There is well-recorded documentation of the
effects of prosthetic rehabilitation on osseoin-

tegrated implants in both the maxilla and the
mandible.1,2 The implant success rate can be
expected to be lower when the amount of bone and
the bone density are lower, especially in the poste-
rior part of the maxilla.3,4 Bone grafting procedures
have been developed to increase bone volume in
patients with advanced alveolar resorption and
insufficient bone volume for implant placement. A
number of different methods for grafting the max-
illa have been developed during the last 10 years.5–12

Simultaneous bone grafting and implant placement
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(a 1-stage procedure) is a frequently used grafting
technique, as it does not increase the treatment time
compared to the standard protocol. It has been
proven to be both a safe and predictable method.13

Follow-up studies on maxillary grafted patients
have not mentioned the prosthetic outcome of
treatment, and no study has been reported that
mainly emphasizes the outcome of prosthetic treat-
ment on patients receiving bone grafts.14,15 How-
ever, bone grafting techniques may influence both
the design of prostheses and the choice of abutment
(standard versus angulated), which have been dis-
cussed recently.13,16

The surgical aspects of this prospective 3-year
study were reported by Johansson et al.17 The aim
of this study was to evaluate the outcome of pros-
thetic rehabilitation after 3 years in patients receiv-
ing implants placed in a 1-stage procedure with
intrasinus block bone grafts compared to patients
receiving implants placed in only maxillary bone by
the standard protocol. The choice of abutments and
complications received special attention.

MATERIALS AND METHODS

This study comprised a total of 76 patients with
edentulous maxillae referred to the Department of
Prosthetic Dentistry at the Public Dental Service, St
Erik Hospital, Stockholm, Sweden, for implant treat-
ment. According to specific inclusion criteria, the
patients were divided into 2 groups: a study group (39
patients) and a reference group (37 patients).17 All
patients  in the study group (8 male, 31 female, with a
median age of 56 years [range 40 to 77]) received
implants in a 1-stage sinus-inlay block graft proce-
dure.10,11 The reference group comprised 37 patients
(10 males, 27 females), with a median age of 68 years
(range 38-86), and they received implants in maxillary
bone alone according to the standard protocol.1 Self-
tapping Nobel Biocare implants (Göteborg, Sweden)
were used in both groups of patients. The 2 groups
differed as to the remaining bone quantity, measured
according to Cawood and Howell.18 The study group
was classified in the posterior maxillary regions as
Class 5 or 6, and the reference group was, in general,
Class 3 or 4. At second-stage surgery, healing abut-
ments were placed, and 2 weeks later the prosthodon-
tist replaced these with individually selected definitive
abutments before the impression was made.

In the study group, 36 patients were provided with
standard gold/acrylic resin fixed partial dentures
(FPD) and 3 patients received overdentures. In the
reference group, 33 patients received gold/acrylic
resin FPD and 4 patients received overdentures.19 The

latter were placed because of an insufficient number of
implants or because load factors were regarded as
unfavorable. In attaching the prostheses, a torque con-
troller (DFE 020, Nobel Biocare) was used to tighten
the prosthesis retention screws with 10 Ncm of
torque. Prosthesis retention screws were retightened 2
weeks later. The abutment screws in grafted implants
were generally tightened manually with the use of a
counter-grip. The abutment screws in implants placed
in native maxillary bone were tightened with 20 Ncm
by use of the torque controller.

One week after the prostheses were seated, a
baseline documentation was made which included
clinical parameters and a radiographic examination.
Thereafter, the patients were examined annually for
3 years. At the 3-year follow-up, the prostheses were
removed to confirm osseointegration. Observations
were focused on individual implant stability, and the
following observations were recorded according to
the protocol.

• The type(s) of abutment used was noted.
• Prosthesis and abutment screw stability was

assessed by using a modification of the California
Dental Association’s (CDA) quality evaluation
criteria.20,21 The stability was rated as satisfactory
in groups R/S (where R = excellent and S =
acceptable) and as not acceptable in T/V (T and
V = not acceptable). 

• Complications and adjustments to the prostheses
seen or made during the observation period and
at the 3-year follow-up examination were noted.
Adjustments made to the prostheses as a result of
implant losses were not included.

• The presence or absence of plaque on the buccal,
lingual, mesial, and distal surfaces of the abut-
ments was recorded according to the Visible
Plaque Index (VPI) as suggested by Ainamo and
Bay.22

• The presence or absence of bleeding (Bleeding
Index [BI]) in the marginal gingiva was recorded
using a periodontal measuring probe (CP-12,
Hu-Friedy, Chicago, IL, USA).

• The number of occlusal contacts was noted using
a GHM occlusion pilot foil (Hanel-GHM Den-
tal GmbH, Nurtingen, Germany). The occlusion
was treated the same in both groups.

• The length (in mm) of the posterior distal exten-
sions of the prosthesis exposed to occlusal loads
was measured. 

• The presence or absence of attached gingiva in
relation to each abutment was noted.

• The color of the mucosa on the alveolar ridge
beneath the prostheses was graded according to
Bergendal.23
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Statistics
The relationship of abutment screw stability,
grouped as R/S and T/V in the study and reference
groups to standard and angulated abutments (A, S)
was analyzed by means of the chi-square test. The
same test was used to analyze the relationship of PI
and BI in the 2 groups. Fisher’s exact test was used
to compare prosthesis screw stability (R/S and T/V)
between the study group and the reference group
and to analyze whether the choice of abutment
(angulated vs. standard) significantly influenced
prosthesis screw stability (R/S, T/V) in the study
group or reference group. The same test was used
to analyze whether the choice of abutment (angu-
lated/standard) had influenced abutment screw sta-
bility (R, S, T, V) in the study or reference groups.
To analyze the relationship between prosthesis
screw stability (R/S, T/V) and abutment screw sta-
bility (R/S, T/V), McNemar’s test was used in both
the study and reference groups. A value of P < .05
was required for statistical significance.

RESULTS

During the follow-up period, 2 patients were lost in
the study group (39 patients) because of multiple
implant failures. In the reference group (37
patients), 4 patients were lost during the follow-up
period; 3 died and 1 lost her prosthesis as a result of
multiple implant failures. Therefore, a total of 70
patients (study group, 37 patients; reference group,
33 patients) were available to be followed during the
3-year follow-up period, which corresponds to an

8% dropout rate. The dropouts were not included
when prosthetic complications were recorded.

A total of 207 abutments were placed in the
study group. Of these, 48 (23%) were angulated
(Table 1). In the reference group, 162 abutments in
total were placed and 12 (7%) of these were angu-
lated (Table 1). The number of angulated abut-
ments was significantly higher (P < .05) in the study
group than in the control group.

There was no significant difference (P > .05) in
prosthesis retention screw stability between the
study and the reference groups, and prosthesis
retention screw stability was good in both groups
(Table 2). Abutment screw stability did not differ
significantly (P > .05) between the 2 groups either
(Table 3); nor was the prosthesis retention screw or
abutment screw stability correlated (P > .05) to the
use of standard or angulated abutments in either of
the groups. However, prosthesis retention screw
stability was significantly (P < .05) better than abut-
ment screw stability in both groups of patients.

Prosthetic complications or adjustments included
tooth fractures, loss of screw access fillings, or
adjustments of the attachment system in patients
with overdentures (Table 4). No difference was
seen between the 2 groups. The presence of
attached gingiva was 25% in the study group, com-
pared with 35% in the reference group (Table 5).
Both VPI and BI were significantly lower (P < .05)
in the study group than in the reference group
(Table 6). On the other hand, stomatitis, the num-
ber of occlusal contacts, and length of the posterior
extensions were evenly distributed between the
groups (Table 6).

Table 1 Types of Abutments and Implant Positions Recorded at the 
3-year Check-up

Implant position*

Group/abutment R4 R3 R2 R1 L1 L2 L3 L4

Study group
Standard 7 19 27 29 27 25 20 5
Angulated 3 8 9 6 9 8 5 0

Reference group
Standard 2 22 27 26 25 26 19 3
Angulated 0 1 2 2 3 2 2 0

*R4–R1 = fourth implant on right side of midline – first implant on right side of midline; L4–L1 = fourth
implant on left side of midline – first implant on left side of midline.
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Table 2 Stability of Prosthesis Retention Screws Recorded at the 
3-year Check-up Using a Modification of the CDA Quality Evaluation 
Criteria21

Implant position*

Group/stability R4 R3 R2 R1 L1 L2 L3 L4

Study group
R 10 27 34 32 34 29 23 5
S 0 0 2 3 2 4 2 0
T 0 0 0 0 0 0 0 0
V 0 0 0 0 0 0 0 0

Reference group
R 2 18 23 25 24 19 15 1
S 0 4 6 2 3 8 6 2
T 0 1 0 1 0 1 0 0
V 0 0 0 0 1 0 0 0

*R4–R1 and L4–L1 = fourth implant–first implant on right and left sides of midline.

Table 3 Stability of Abutment Screws Registered at the 3-year 
Check-up Using a Modification of the CDA Quality Evaluation Criteria21

Implant position*

Group/stability R4 R3 R2 R1 L1 L2 L3 L4

Study group
R 7 16 17 19 22 21 15 2
S 2 7 14 11 11 8 7 2
T 1 3 3 4 0 3 2 1
V 0 1 2 1 3 1 1 0

Reference group
R 0 11 17 16 17 14 10 1
S 2 8 8 8 7 7 4 1
T 0 3 4 4 4 5 2 1
V 0 1 0 0 0 2 5 0

*R4–R1 and L4–L1 = fourth implant–first implant on right and left sides of midline.

Table 4 Prosthetic Complications During the
Follow-up Period, as Noted at the 3-year
Check-up (n = No. of Implants)

Study group Reference group
Complications (n = 207) (n = 162)

Tooth fractures 10 9
Esthetic problems 1 0
Correction of occlusion 2 0
Adjustments of labial flange 1 0
Loss of screw access filling 7 6
Gingivectomy 2 0
Fistulae 1 1
Activated attachments 7 5
New male spring-pins 4 7
(attachment) 
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DISCUSSION

This study provides the prosthetic experiences of
patients in a carefully monitored prospective 3-year
follow-up study of those who had prostheses sup-
ported by implants placed in sinus-inlay bone grafts.
The surgical results were reported in 1999 by
Johansson and coworkers.17 Dropouts during the
study period were few (8%) and specified. 

In the study group, patients received implants
using a 1-stage sinus-inlay block graft, which means
that opportunities to place the implants in an ideal
vertical position were limited, necessitating a more
palatal angulation of the implants. This tendency was
also seen in the anterior region and in the non-
grafted alveolar process, since minimal alveolar bone
was found not only in the lateral areas of the maxilla
but also in the anterior regions. Furthermore, the
implants were placed without surgical guides, and the
surgeons concentrated mainly on finding optimal
bone volumes to obtain adequate implant stability.
One-stage sinus-inlay grafts have also been shown by
others to involve a greater number of skewed-posi-
tion implants, necessitating an increased use of angu-
lated abutments to facilitate minimal buccolingual
width of the prosthesis.13 For these reasons, the num-
ber of angulated abutments was significantly (P < .05)
higher in the study group than in the control group. 

No difference was seen in the stability of the pros-
thesis retention screws and abutment screws when
comparing the 2 groups of patients. But stability of
the prosthesis retention screws was significantly bet-
ter (P < .05) than that of the abutment screws in both
groups of patients. These results correspond to find-
ings by Smedberg and associates24 but contradict
findings of Kallus and Bessing.21 One explanation for
this could be that in the present study, as well as in
that of Smedberg and associates,24 a torque controller
was used not only when the patients received their
prostheses, but also when the prosthesis retention
screws were retightened 2 weeks later.24

In this study, the prosthesis retention screws were
mechanically tightened (10 Ncm), but the abutment
screws on grafted implants were usually tightened
manually without the use of counter-grip, so as not
to jeopardize the osseointegration of the implants. It
is well known that stability increases with time, espe-
cially in compromised sites as analyzed with reso-
nance frequency. In most instances, stability of both
the prosthesis retention screws and the abutment
screws was acceptable. However, stability of the
abutment screws was less than satisfactory (T and V
ratings) in 12.5% of the abutments in the study
group and 19.1% of the abutments in the reference
group. However, this had no observable, clinical
implications at the time of clinical check-ups.

Table 5 Absence or Presence of Attached Gingiva on the Buccal Side
of Implants in Different Positions, Noted at the 3-year Check-up

Group/attached
Implant position*

gingiva R4 R3 R2 R1 L1 L2 L3 L4

Study group
Absent 4 2 9 6 10 13 6 1
Present 6 25 27 29 26 20 19 4

Reference group
Absent 1 11 10 6 7 10 9 2
Present 1 12 19 22 21 18 12 1

*R4–R1 and L4–L1 = fourth implant–first implant on right and left sides of midline.

Table 6 Clinical Parameters Recorded at the 3-year Follow-up Examination

Presence Presence of Occlusal Posterior

of plaque bleeding Stomatitis (grade) contacts/ Prosthesis type extension

Group (VPI) (BI) 0 1 2 3 patient FPD OD Right Left

Study group (n = 37) 8% 1% 21 10 3 2 7.5 32 4 9 mm 10 mm
Reference group (n = 33) 13% 9% 15 8 4 3 7.4 26 4 11 mm 12 mm

TN: FPD = fixed partial denture; OD = overdenture.
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The prosthesis design in the study group was
slightly different from that of the control group
because of a more palatal angulation of the poste-
rior implants and a more buccal angulation of the
anterior implants. This resulted in prostheses with a
greater buccolingual width in the study group (Figs
1 to 3). Despite this, an equal distribution of pros-
thetic technical complications was seen in the 2
groups (Table 4). 

Although implants in the study group often had a
less-than-optimal position, there was only a minor
difference between the 2 groups in the frequency of
attached gingiva connected with the implants (Table
5). The frequency of attached gingiva was obviously
not affected by the difference in the level of alveolar
resorption measured according to Cawood and
Howell between the 2 groups of patients either.18

The sinus-inlay bone graft procedure used in the
study group did not change the external alveolar
morphology or the overlying soft tissues.

The clinically recorded parameters showed sig-
nificantly reduced plaque and bleeding within the
study group compared to the reference group at the
3-year follow-up examination. This might be
explained by the higher motivation of grafted
patients to maintain good oral hygiene, although
the prostheses in the study group had a somewhat
atypical design, with greater buccolingual width
complicating optimal oral hygiene. As to loading
factors, neither the average number of occlusal con-
tacts per patient nor the length of posterior exten-
sions differed between the 2 groups of patients.

CONCLUSION

This 3-year follow-up study of bone-grafted
patients demonstrated results that compare favor-

ably with the results of a reference group treated
using a conventional approach. The treatment pro-
vided in both groups was acceptable over the 3-year
period.
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Fig 1 Occlusal view showing the position of the implants in a
patient in the study group.

Fig 2 Occlusal view showing the palatal angulation of the pos-
terior implants in a patient in the study group before the impres-
sion for a definitive prosthesis was made.

Fig 3 Occlusal view of a fixed partial denture of a patient in the
study group showing the extended buccolingual width of the fixed
partial denture resulting from the palatal angulation of the poste-
rior implants.
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