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Background: This study retrospectively analyzed conven-
tional tomograms to estimate the prognostic value of the
cross-sectional ridge morphology on the clinical outcome of
guided bone regeneration (GBR).

Methods: Presurgical conventional tomograms of 23 sin-
gle-implant sites were analyzed retrospectively in 20 patients.
All sites had a non–space-making buccal dehiscence defect
associated with the subsequently placed dental implant. Si-
multaneous GBR procedures were performed, and 6-month
clinical outcomes were assessed. Measurements at baseline
and at the 6-month reentry included defect height (from
smooth–rough junction to the most apical part of the defect)
and horizontal bone gain at three locations (smooth–rough
junction, middle, and most apical portion of the defect). All
measurements were taken from a reference template. Tomo-
graphic parameters included the implant-associated ridge
angle and width measured at 6 mm below the alveolar crest
and at the most apical point of the implant. Implant exposure
and the presence of the barrier membrane were controlled for
during statistical analyses.

Results: The presurgical ridge angle had a significant
negative correlation with the percentage of defect height re-
duction (r = -0.621; P = 0.002) and horizontal bone gain
(r = -0.469; P = 0.024). This difference remained significant
even after controlling for implant/membrane exposure (P =
0.001 and P = 0.019, respectively). A statistically and clini-
cally greater percentage of defect height reduction was ob-
served for ridge angles <28� (P = 0.023). Ridge width did not
have a significant effect on the regenerative outcome.

Conclusion: Cross-sectional presurgical ridge angles may
have prognostic value in estimating the outcome of simulta-
neous GBR. J Periodontol 2009;80:1231-1236.
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G
uided bone regeneration (GBR)
has been a good alternative
treatment option for augmenting

ridge deficiency. Prognostic factors sug-
gested for successful bone augmenta-
tion include the absence of membrane/
implant exposure,1-6 primary stability of
the implant,7 defect morphology,3,8,9

and a passive tension flap.10 However,
these can only be determined intrasur-
gically or post-surgically. Several inves-
tigators11,12 suggested various types of
ridge-augmentation procedures based
upon the presurgical ridge width. It was
suggested that small to moderate hori-
zontal bone loss of 3 to 6 mm in the HVC
(horizontal, vertical, and combination)
classification11 or division B (barely suf-
ficient)12 bone, if the ridge width (2.5 to
5.0 mm) is barely sufficient for 4.0-mm-
diameter dental implants, is a good indi-
cation for GBR treatment. These classifi-
cations indicate implicitly that the ridge
morphology may influence the regener-
ative outcome. However, to the best of
our knowledge, no study has assessed
the prognostic value of the ridge mor-
phology on GBR outcome.

Conventional and computed tomogra-
phy provide cross-sectional images with
valuable diagnostic information for an
implant treatment plan.13-16 These in-
clude a presurgical survey of surgical
anatomy17 and measurement of preoper-
ative bone mineral density as an indirect
measurement of bone quality,18 com-
puter-guided navigation,19 fabrication of
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surgical guides,20 and postoperative imaging and
evaluation of the healing pattern of regenerativeproce-
dures.21,22 Despite diagnostic benefits, their prognos-
tic properties have not been discussed in the literature.

Therefore, the aim of this 6-month retrospective
study was to assess the prognostic values of the con-
ventional tomographic cross-sectional ridge mor-
phology (in particular, ridge angle and width) on the
regenerative outcome around non–space-making im-
plant-associated buccal dehiscence defects. Informa-
tion obtained from this study will be useful for making
a presurgical decision about surgical-augmentation
procedures.

MATERIALS AND METHODS

This study analyzed the cross-sectional view of the
conventional tomograms obtained from our previous
randomized controlled trial of simultaneous GBR.23

In our previous study,23 each implant site with a
1-walled, non–space-making, implant-associated buc-
cal dehiscence defect was augmented with the sand-
wich bone-augmentation technique24 and randomly
assigned to one of three membrane groups: acellular
dermal matrix,§ bovine collagen,i and periosteum
alone.

Prior to the implant placement, conventional tomo-
grams of 23 single-implant sites, in both maxillary and
mandibular arches, were obtained form 20 patients
(12 females and eight males). The ages of the re-
search subjects ranged from 28 to 71 years. All sub-
jects signed an informed consent form, which had
been reviewed and approved by the Institutional Re-
view Board at the University of Michigan, Ann Arbor,
Michigan. All participants were older than 18 years of
age and systemically healthy. To be included in the
study, the subjects had to satisfy the following inclu-
sion criteria: patients requiring a single tooth replace-
ment with a dental implant, insufficient horizontal
bone width associated with the potential implant
site, and all sites being edentulous for >6 months.
All subjects completed an initial phase of periodontal
therapy, if needed, and demonstrated good oral hy-
giene. Subjects with any medical contraindications
for implant surgery were excluded from the study. In
addition, heavy smokers (>10 cigarettes/day) were
excluded. The use of human subjects in this study
was reviewed and approved by the Health Science In-
stitutional Review Board of the University of Michigan.
This study was conducted from 2003 to 2006.

Clinical Parameters
The regenerative outcomes of 23 implant sites with
previous simultaneous ridge augmentation were in-
cluded for analysis. Using a reference template, defect
height and depth were measured prior to the grafting

procedure and at 6 months during the second-stage
surgery. The mean percentage of defect height reduc-
tion was calculated as the difference between the dis-
tance from the most apical portion of the defect to the
smooth–rough junction of the implant at baseline and
at the 6-month reentry. To calculate the horizontal
bone gain, the baseline and 6-month defect depths
were measured at three distances from the reference
template: most apical, middle, and smooth–rough
junction.

Conventional Tomography Analysis
Prior to the implant placement, three cross-sectional
tomographic images (anterior, central, and posterior)
were obtained for all implant sites, each with a 3-mm
image layer, using a computer-controlled extraoral
imaging system¶ and a custom imaging guide. The
central section was used for measurement and statis-
tical analysis. A certified radiologist (SLB) traced the
outline of the ridge on an acetate paper attached to the
film. A magnification factor of 40% was used for an ad-
justed value during calculation, based on data from
the manufacturer. The ridge width was measured at
6 mm below the crest, perpendicular to the central
axis of the ridge. The ridge angle (a) was measured
between two lines connecting two points on the buccal
and lingual surface, one at 6 mm below the crest and
the other (x) at the most apical point of the implant
placed (10 or 13 mm; Fig. 1).

Statistical Analyses
The implant was the unit of analysis. The dependent
variables were the mean regenerated horizontal bone
gain and the percentage of defect height reduction at
the 6-month reentry. Factors considered were the
ridge width and angle. Implant exposure and the pres-
ence of different types of membranes were included as
compounding factors. A two-tailed Pearson correla-
tion was performed to show the relationship between
independent variables (i.e., ridge width and ridge an-
gle) and treatment outcome (i.e., mean horizontal
bone gain and percentage of defect height reduction).
Regression analysis was performed to test the effect of
ridge width and angle on the regenerative outcome
when the incidence of implant exposure and types
of membranes were controlled. The independent
sample t test was performed at 25%, 50%, and 75%
quartiles of the sample to find the critical angle that re-
sults in a statistically significant difference in the treat-
ment outcomes. The significance was determined at
P <0.05.

§ AlloDerm GBR, BioHorizons, Birmingham, AL.
i BioMend Extend, Zimmer Dental, Carlsbad, CA.
¶ Orthopantomograph OP 100, Instrumentarium, Imaging Division,

Tuusula, Finland.
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RESULTS

All implants osseointegrated successfully in this
study. Two independent variables, ridge angle and
width, were evaluated for their effect on GBR out-
come. Baseline defect heights were not significantly
different among the three treatment groups (P =
0.858).

All treatment groups had a significant reduction in
the percentage of defect height and horizontal bone
gain: 70.4% – 20.6% and 1.5 – 0.6 mm (Table 1).
The mean ridge angle and width of the presurgical
implant site were 28.8� – 17.1� and 5.3 – 1.2 mm, re-
spectively. Pearson correlation revealed a significant
negative correlation between ridge angle and defect
height reduction (r = -0.621; P = 0.002). Regression
analysis, controlling for implant exposure and pres-
ence/absence of membrane, also revealed a statisti-
cally significant percentage of defect height reduction
(B = -0.664; P = 0.001).

The presurgical ridge angle from the tomographic
cross-sectional image was categorized as a narrow
or a wide angle at 25%, 50%, and 75% quartiles (Table
2; Fig. 2). At 6 months, a ridge angle <28� resulted in a
statistically significantly greater percentage of defect

height reduction than a ridge angle >28� (P = 0.023;
78.0% – 17.1% versus 62.2% – 21.6%). The strength
of the linear relationship between the ridge angle
and % height reduction was mild to moderate (R Sq
Linear [R2] = 0.386). No significant effect of the ridge
angle was seen when horizontal bone gain was consid-
ered a treatment outcome.

The ridge width at 6 mm below the alveolar crest
and at the most apical point of the implant did not
have any statistically significant correlation with treat-
ment outcome. The same insignificant association re-
mained even after controlling for implant exposure
and the presence of membrane.

DISCUSSION

The purpose of this 6-month retrospective study was
to investigate the prognostic value of the presurgical
ridge morphology on the regenerative outcome
around a dental implant. Statistical analyses con-
trolled for implant exposure and the presence of bio-
absorbable membranes because these were found to
be the major compounding factors with regard to the
regenerative outcome.1-6,23 Furthermore, all cases
were a delayed implant placement with simultaneous
GBR in non–space-making 1-walled defects. There-
fore, the case selection criteria were reasonably spe-
cific.

It has been speculated that the ridge morphology
may influence the regenerative outcome in various
ways. Clinically, it may affect the depth of the vesti-
bule, flap tension, and subsequent wound stability
after closure of the wound. In addition, intramarrow
penetration provides angiogenesis and undifferen-
tiated mesenchymal cells that are essential for
GBR.25-29 Hence, we postulated the use of ridge angle
and width to estimate total available bone volume and
bone marrow. We hypothesized that the presurgical
ridge angle and width might be used as prognostic
criteria for predicting the regenerative outcome of
simultaneous GBR.

The implant length was used as a reliable reference
point in estimating the ridge morphology. In all of the
cases in this study, the ridge maintained a uniform
shape down to the most apical point of the implant,
beyond which the ridge became very tortuous. Ridge
width was measured at two levels: at 6 mm and at the
most apical point of the implant below the crest. The
former value was chosen to represent the middle of
the average implant length most commonly used in
practice. The latter value represents the ridge width
of cancellous bone that remains intact after implant
placement. The same reference points were used to
measure the angle of the implant-associated ridge.

Regression analysis and Pearson correlation re-
vealed a significant negative relationship between
ridge angle and the percentage of defect height

Figure 1.
Angle a formed between two lines connecting two points 6.0 mm and x
(implant length = 10 or 13 mm) below crest.
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reduction. The percentage of defect height reduction
became significantly greater when the ridge angle was
<28�. A narrow angle in the maxillary anterior region is
often accompanied by a greater vestibular depth. It re-
mained statistically significant even after controlling
the membrane/implant exposure. This suggests that
uniform ridge thickness (cylindric shape) is a more
important factor for regeneration than a wide bone
base (conical shape). It can be speculated that the
pressure and flap tension over a uniform cylindric-
shaped ridge are less than those over a wide-based
conical-shaped ridge. In the latter, the likelihood of
having greater tension at the crestal portion of the
augmented graft is much greater than for a narrow-

angled cylindric-shaped ridge. This may contribute to
an increased risk for opening of the incision line during
the healing period. However, the ridge angle did not
make a significant difference in the horizontal bone
gain after controlling for the presence and/or absence
of membrane. This observation agrees, in part, with
our previous finding that the presence of membrane
was the main factor influencing horizontal bone gain.23

The presurgical width did not significantly influence
the treatment outcome. We measured the ridge width
at 6 mm and at the most apical point of the implant.
Neither measurement had a significant influence on
the clinical outcome. Two speculations can be made.
First, because a significant amount of bone marrow

was removed during osteo-
tomy site preparation, pre-
treatment measurements
of the implant-associated
ridge width may not have
estimated the actual bone
marrow available during
the post-implantation heal-
ing period. Therefore, the
ridge width at the apical
point of the implant was
measured to represent the
amount of bone marrow re-
maining intact after implant
placement. However, no
significant effect was found
at this depth, which sug-
gests that bone marrow
may not be directly associ-
ated with the actual regen-
erative outcome. Second,
the ridge widths that we in-
cluded in our study ranged

Table 2.

Narrow Versus Wide Ridge Angle in Relation to Percentage of Defect Height Reduction
and Horizontal Bone Gain

Parameter Ridge-Angle Class n

Baseline Defect Height

(mm; mean – SD)

Defect Height Reduction

(%; mean – SD)

Defect height reduction (%) Narrow <28� 12 7.1 – 3.3 78.0 – 17.1
Wide ‡28� 11 5.1 – 2.0 62.2 – 21.6

P value 0.103 0.023

Baseline Horizontal Bone
(mm; mean – SD)

Horizontal Bone Gain
(mm; mean – SD)

Horizontal bone gain (mm) Narrow <28� 12 0 1.6 – 0.7
Wide ‡28� 11 0 1.4 – 0.5

P value 0 0.478

Table 1.

Effect of Ridge Angle and Width on GBR Outcomes

Parameter Ridge Angle Ridge Width

n 23 23

Mean – SD 28.8 – 17.1� 5.3 – 1.2 mm

Defect height reduction (%; mean – SD) 70.4 – 20.6
Pearson correlation P (r) -0.621 0.033

P value 0.002* 0.880
Regression Beta -0.664 3.311

SE 0.179 3.491
P value 0.001† 0.355

Horizontal bone gain (mm; mean – SD) 1.5 – 0.6
Pearson correlation P (r) -0.469 -0.090

P value 0.024 0.682
Regression Beta -0.0164 0.0462

SE 0.006 0.112
P value 0.019 0.685

SE = standard error.
* Correlation significant at the 0.01 level (two-tailed).
† Regression analysis performed with implant exposure and presence of membrane controlled.
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from 4.1 to 6.5 mm. To the best of our knowledge, no
study has determined the minimal bone width (mar-
row) necessary for sufficient bone regeneration.
Hence, we could not make a conclusion with regard
to the effect of the ridge width on the regenerative out-
come.

CONCLUSIONS

Assessment of the cross-sectional ridge morphology
on conventional tomograms may offer additional
prognostic value when a simultaneous regenerative
procedure is planned around an implant dehiscence
defect. This information may provide additional value
in borderline ridge augmentation cases if a decision
has to be made between block graft and simultaneous
GBR.

A uniform cylindric-shaped ridge with a ridge angle
<28� was associated with a significant percentage of
defect height reduction compared to a wide-angled
conical-shaped ridge. Horizontal bone gain remained
unaffected by the ridge morphology. Overall, ridge
shape seemed to be a more significant factor than
ridge width.
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