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Angled abutments are used to overcome a non
ideal implant location because of bone structure.1 

Functional loads are transferred through abutments 
and thereby through implants to the surrounding 
bone. Bone can tolerate strains and stresses within 
physiologic limits2; however, when these limits are ex
ceeded, bone resorption may occur.

The aims of the present study were to validate and 
clarify the numeric results obtained in previous stud
ies3,4 by determining crestal bone resorption around 
implants used to support fixed partial prostheses 
(FPPs) in patients who were supplied with straight 
(SA) or angled (AA) abutments and to answer the 
following questions: (1) Does abutment design affect 

the amount of crestal bone resorption around im
plants and (2) Does the relation of abutment design 
and bone resorption depend on implantation proto
col, ie, nonsubmerged (immediate loading) or sub
merged (osseointegration) healing?

Materials and Methods

Patients with an edentulous maxillary anterior ridge 
requiring FPP treatment were selected for inclu
sion in this study between August 2008 and August 
2009, and their data was used anonymously. Patients 
were in good health; diabetes patients were not ex
cluded provided their condition was well controlled. 
Although smoking was discouraged, smokers were 
not excluded. 

Selected patients were divided, according to treat
ment necessity, into two groups with two subgroups 
for abutment design (Table 1): a study group receiv
ing nonsubmerged dental implants and a control 
group receiving submerged implants and a healing 
period of 5 to 6 months.

Bone resorption was determined by means of 
measuring the mesial and distal probing depths af
ter 6 and 12 months from abutment placement. The 
implantabutment connecting line was used as a 
reference. 
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Differences in mean bone probing depths were 
analyzed mesially and distally in association with SAs 
and AAs for statistical significance using the Mann
Whitney test (WinStat, version 2003 for Microsoft 
Excel). Data were grouped according to abutment 
design and implantation protocol with the following 

null hypotheses (significance level: .05): no signifi
cant difference of crestal bone loss for SAs or AAs 
with identical implantation protocol and no signifi
cant difference of crestal bone loss with SAs and 
AAs for both implantation protocols.

Table 1  Characteristics of the Study Groups

Nonsubmerged 
(study)

Submerged 
(control)

Bone quality Type 2 Type 2

No. of straight abutments 36 24

No. of angled abutments 28 22

No. of patients 11 13

Female to male ratio 7:4 9:4

Mean age (y) 55 61

Implant type tioLogic* tioLogic*

Implant diameter (mm) 3.3–4.2 3.3–4.2

Implant length (mm) 9–17 9–17

*Dentaurum Implants.
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Fig 1  Box diagrams of the mean probing depth for the study 
(nonsubmerged) and control (submerged) groups with straight 
and angled abutments. (a) Probing depth measured mesially, 
(b) probing depth measured distally, and (c) mean probing 
depth of the mesial and distal measurements. – = not signifi-
cant; + = .01 < P ≤ .05; ++ = P ≤ .01.

a b

c
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Results

Probing depths were statistically higher for the study 
subgroup with AAs in comparison to the control sub
group 6 months and 1 year after abutment insertion 
(P = .0008 and P = .01, respectively). 

A statistically significant decrease in probing 
depth for the control subgroup with AAs was noted 
in comparison to the control subgroup with SAs 6 
months and 1 year after abutment insertion (P = .003 
and P = .03, respectively).

No statistical significance was observed for the 
study subgroups with SAs and control subgroups 
with AAs (P = .8 and P = .4 for probing depth after 
6 months and 1 year, respectively) and for the study 
subgroups with SAs and AAs for both time points 
(mean probing depth: 1.5 mm; P = .8 and P = .2 after 
6 months and 1 year, respectively) (Fig 1 and Tables 
2 and 3).

Discussion

In the present study, the impact of abutment design 
on the amount of cervical bone resorption was in
vestigated. Celland et al5 studied the effect of abut
ment angulation using photoelastic resin and a strain 
gauge in one model demonstrating a statistically sig
nificant difference for increasing abutment angulation. 
According to the authors, all abutments produced 
strains that appeared to be within the physiologic 
range for bone.2 The present study showed no statisti
cal significance of the probing depth, although a pre
vious finite element analysis3 showed higher stresses 
for nonsubmerged implants with SAs than submerged 
implants. Nevertheless, the stress results agree with 
the clinical findings for AAs when they were used with 
a submerged or nonsubmerged protocol.

Furthermore, no statistical significance was ob
tained for SAs and AAs with the nonsubmerged pro
tocol. This agrees with the numeric results of FPPs3 
and those of the experimentally investigated bovine 
samples.4 However, probing depth was statistically 
less for AAs with the submerged protocol than SAs, 
although the numeric analysis showed a minimal dif
ference between SAs and AAs.

Conclusion

Based on the statistical analysis, implant placement 
protocol plays a role in the amount of cervical bone 
resorption if angled abutments are used.
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Table 2  Probing Depth Significance Level of the 
Difference Between the Two Abutment Designs in 
Nonsubmerged and Submerged Implant Treatments  
at the 6month Evaluation* 

Nonsubmerged Submerged

Straight 
(n = 36)

Angled 
(n = 28)

Straight 
(n = 20)

Angled 
(n = 19)

Nonsubmerged

Straight (n = 36) —

Angled (n = 28) — ++

Submerged

Straight (n = 20)

Angled (n = 19) ++

*Mann-Whitney test.
– = not significant (P > .05); ++ = P ≤ .01.

Table 3  Probing Depth Significance Level of the 
Difference Between the Two Abutment Designs in 
Nonsubmerged and Submerged Implant Treatments  
at the 12month Evaluation* 

Nonsubmerged Submerged

Straight 
(n = 36)

Angled 
(n = 28)

Straight 
(n = 24)

Angled 
(n = 22)

Nonsubmerged

Straight (n = 36) —

Angled (n = 28) — +

Submerged

Straight (n = 24)

Angled (n = 22) +

*Mann-Whitney test.
– = not significant (P > .05); + = .01 < P ≤ .05.
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