
The International Journal of Oral & Maxillofacial Implants 609

Quantification of Bone Resorption in the 
Interforaminal Region of the Atrophic Mandible
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Purpose: This anatomic study was undertaken to examine the effects of atrophy on bone quantity and
quality in the mandibular interforaminal region. Materials and Methods: Three sections were made
from each jaw studied, and each section was measured by means of a morphometric software pro-
gram (Artma-Biomed, Vienna, Austria). The mandibular specimens were grouped according to the clas-
sification of Cawood and Howell and also according to that of Lekholm and Zarb. Results: The macro-
morphometric measurements revealed that mandibular atrophy may cause the loss of up to 60% of
the original bone mass. As the maximum width remained relatively consistent in all jaw sections, it can
be assumed that the reduction in total area of each jaw section results from a reduction in mandibular
height. The compact and cancellous bone portions were equally affected by resorption. The assess-
ment of bone quality showed that most mandibles displayed a thick cortical compartment, especially
inferiorly and lingually, with variations in the amount of cancellous bone. There was a clear predomi-
nance of bone types 2 and 3. Discussion and Conclusion: The interforaminal region of the mandible
appears to be the site of choice for implantation, since it can be expected that the bone structure is
well suited to provide the necessary stability even in severely atrophic mandibles. As the degree of
alveolar ridge resorption does not depend on the patient’s age but on the time elapsing postextraction,
implants should be placed as soon as possible after tooth loss in order to avoid excessive resorption.
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One of the most frequent problems for the sur-
geon planning the insertion of an endosseous

implant is the reduced quantity of bone available as
an implant bed. Alveolar ridge resorption may be
influenced by a number of local and systemic factors:
biomechanical factors, prosthetic factors, local
inflammation, hormones, and systemic diseases.1–5

Knowledge of mandibular bone quantity and quality
is of vital importance for planning implant place-
ment. It also has an impact on the selection of the
implant (eg, type, length) and on long-term survival
of the implant. The width and the height of the bone
must be considered, since it has been shown that
placing longer implants improves the success rate.6,7

As has often been described in the literature, the
body of the mandible may lose up to 50% of its vol-
ume after tooth loss4,8–10 Atwood1,11 and Tallgren12

were the first to classify the various stages of alveolar
ridge resorption by means of morphologic criteria.
Based on studies by these authors, Cawood and
Howell9,13 later established their classification of the
edentulous jaws, which is currently the most widely
used classification.

However, height and width of the edentulous
alveolar ridge are not the only factors crucial to the
success of an implant.The ratio of compact to cancel-
lous bone in the mandible may have an influence on
mandibular bone density, which, in turn, is essential
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to primary implant stability and thus to the success
of endosseous implants.14 Authors who have investi-
gated the endosseous processes taking place simul-
taneously with the external visible atrophic changes
have reported divergent results.4,15–18 Apart from
age-related osteoporotic symptoms, atrophy-related
bone apposition and remodeling and resorptive
processes affecting both compact and cancellous
bone have been described. These appear to be
related to biomechanical causes.

Lekholm and Zarb19 distinguished the following 4
types of bone morphology in edentulous jaws, taking
into account both cortical and cancellous bone: type
1, homogenous cortical bone, no cancellous bone;
type 2, bone with a thick cortical compartment and a
variably sized cancellous portion; type 3, bone with a
thin cortical compartment and a dense cancellous
portion; and type 4, bone with an extremely thin
compact layer, consisting mainly of cancellous bone
of reduced density. While types 1 and 2 are typical of
the mandible, types 3 and 4 have been observed
mainly in the maxillary alveolar process (Fig 1).

This anatomic study was undertaken to examine
the effects of atrophy on bone quantity and quality
in the mandibular interforaminal region, which is fre-
quently used for the placement of endosseous
implants.

MATERIALS AND METHODS

Forty-one edentulous, bony, left mandibular halves
(26 female, 15 male) were taken from formalin/phe-
nol-fixed corpses supplied by the Institute of
Anatomy of the University of Vienna. The deceased
had bequeathed their bodies to the institute for
medical-scientific research and training purposes,

and the institute agreed to the removal of the
mandibles for use in the specified study protocol.
The mean age of the specimens was 82.4 years
(range, 61 to 93 years).

The mandibular specimens were grouped accord-
ing to Cawood and Howell’s classification9,13 of resid-
ual ridge orders (Fig 2). Borderline cases were
assigned to the residual ridge order (RRO) that pre-
dominated in the respective mandible.Ten mandibles
were classified as RRO 3 (high, well-rounded ridge), 7
were classified as RRO 4 (knife-edge ridge), 11 were
classified as RRO 5 (low, well-rounded ridge), and 13
were classified as RRO 6 (depressed ridge). RRO 1
(pre-extraction) and 2 (immediately postextraction)
were not considered in this study, as they are not
affected by atrophy-related resorptive processes and
were not encountered in the anatomic specimens
examined because of the age of the deceased.

The following 3 sections were carried out in the
mandibular interforaminal region using a diamond-
coated precision saw (Exact Apparatebau, Norderst-
edt, Germany):

S 1: Midsagittal section between the central incisors
S 2: Section between the lateral incisor and the

canine
S 3: Section between the 2 premolars 

The sectional planes formed a right angle with
both the basal tangent and the horizontal axis of the
jaw section, which ran parallel to the mandibular
base (Fig 3). The most caudal and buccal points of
each section were marked to register the spatial ori-
entation of the sections. The 3 sections of each
mandible were photographed together with a ruler,
and the 41 highly enlarged photographs were
scanned into a computer. The following data were

Fig 1 Bone morphology of Lekholm and Zarb. Types 1 through
4 are shown, with appropriate mandible sections below.

Fig 2 Classification of atrophic mandibles established by
Cawood and Howell (residual ridge order, or RRO): 1 = pre-extrac-
tion; 2 = postextraction; 3 = high, well-rounded ridge; 4 = knife-
edge ridge; 5 = low, well-rounded ridge; and 6 = depressed ridge.

1 2 3 4

1 2 3 4 5 6
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stored for each section: the size of the section, the
border between compact and cancellous bone, the
aforementioned marked basal and buccal points, and
the ruler. Any bony parts of the sections which did
not belong to the compact portion of the bone and
contained medullary and hollow spaces or cancel-
lous trabeculae were classified as cancellous bone.
This cancellous portion was distinguished from the
compact external cortical layer. Since it proved diffi-
cult to assess the bone structure of some of the sec-
tions, undecalcified ground sections were produced
and stained by means of von Kossa’s staining to facil-
itate accurate classification.

The following components of each jaw section
were measured by means of a morphometric soft-
ware program (Artma-Biomed, Vienna, Austria; Fig 3):

• The maximum height of the jaw section between
the most cranial and most caudal bony point
(measured at right angles to the mandibular base,
mm)

• The maximum width of the jaw section between
the most buccal and most lingual bony point
(measured at right angles to its height, parallel to
the basal plane, mm)

• The total area of the jaw section (compact and
cancellous bone, mm2)

• The compact portion of the jaw sections (total
area minus cancellous portion, mm2)

• The cancellous portion of the jaw sections (total
area minus compact portion, mm2)

In addition to being assigned to RROs, the sec-
tions were also grouped according to their bone
quality using the classification system of Lekholm
and Zarb.19

Statistical Analysis
The mean values, standard deviations, and analysis of
variances (ANOVA) of the data were determined
using Statgraphics (Centurion 15, StatPoint, Herndon,
VA). Comparisons of the RROs and osseous dimen-
sions of each section were performed. Furthermore,
Tukey’s honestly significant difference (HSD) proce-
dure was used to do a pairwise comparison of all
pairs of means.20 P < .05 was considered the thresh-
old for statistical significance.

RESULTS

The results of this study are listed in Tables 1 to 5. The
differences between the results for female and male
corpses were not significant; for this reason, female
and male data have been combined for each RRO.

DISCUSSION

Bone Quantity
The most striking changes caused by atrophy were
found in mandibular height (Table 1). The mandibles
examined showed a highly significant height reduc-
tion (46% to 57%, more than 60% in extreme cases),
with the greatest loss of vertical dimension occurring
in the atrophic episode between RROs 3 and 4 (Figs 4
and 5). The data obtained in this cross-sectional study
reveal that approximately one third of the original
bone height is lost at a relatively early stage of the
resorptive process. The mandible loses only one fifth
of its original bone substance in all subsequent stages
of resorption. The atrophic episode between RROs 3
and 4 takes place within 6 to 24 months after tooth
loss.1 No more than 2 years after tooth loss, the ratio of
RRO 3 to RRO 4 is 1:14.1 The degree of alveolar ridge
resorption does not depend on the patient’s age but
on the amount of time elapsed postextraction.21

The maximum width of the anterior region of the
mandible was minimally reduced during all remodel-
ing and resorptive processes (Table 2). The statistical
data analysis showed that there was only a 2-mm dif-
ference in width between the anterior region (S1) of
mildly atrophic mandibles (RRO 3, Fig 6) and that of
severely atrophic mandibles (RRO 6, Fig 7). However,
the width of the alveolar ridge, which is affected by

Fig 3 Measurements of the jaw sections. H = height of the jaw
section; W = maximum width of the jaw section (parallel to the
horizontal plane); A1 = total area of the jaw section; A2 = area of
the compact portion of the jaw section; A3 = area of the cancel-
lous portion of the jaw section; P = most caudal point of the jaw
section; Q = most lateral/buccal point of the jaw section.
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intense remodeling and resorptive processes which
sometimes result in complete loss of the ridge,1 was
not considered in these measurements.

Since the maximum width remained relatively
unchanged in all jaw sections, it may be assumed
that the reduction in total area (Table 3) of each jaw
section was due to a reduction in mandibular height.
A comparison of the degree of height reduction with
the total reduction of the jaw section showed that
the values, expressed in percentages, corresponded
very well. Height loss was 46% in section 1, 51% in
section 2, and 57% in section 3; this loss corre-
sponded to total reduction in area of 46% for section
1, 53% in section 2, and 58% in RRO 3 to 6.

It was not possible to obtain strictly matching val-
ues, since the material used in this study did not con-
sist of geometric bodies. It may thus be stated that
reduction in the body of the mandible as a result of
atrophy was due to a loss of height only (Figs 6 and 7).

The reduction in the compact and cancellous por-
tions of the bone ( Table 4 and 5) mainly corre-
sponded to the reduction in total area and height of
the jaw section. Furthermore, the ratio of compact to
cancellous bone was approximately 1:1 in all jaw sec-
tions. This value did not depend on the degree of
atrophy. Deviations generally tended to favor the
cancellous portion of the bone. Only in severely
atrophic mandibles was a “reverse trend” observed in
the premolar region, in which the compact bone por-
tion was larger. This means that the remodeling and
resorptive processes affecting the atrophic mandible
did not influence the ratio of compact to cancellous
bone; both bone substances were reduced to
approximately the same extent.

Bone Density
Several authors have described distinct individual
variations in mandibular trabecular bone. 2,16,18,22–25

For example, Ulm et al25 found differences in trabec-
ular bone volume of up to 65% in the premolar
region of edentulous mandibles.

Table 1 Vertical Height of the Jaw Section 

RRO 3 RRO 4 RRO 5 RRO 6

Mean SD Mean SD Mean SD Mean SD

S 1 27.4 4.0 21.8 4.3 18.8 4.1 14.9 4.2
S 2 27.7 4.3 20.3 3.2 18.9 3.3 13.7 3.7
S 3 28.5 2.9 20.8 6.0 19.1 3.9 12.2 2.9

Maximum height (mm) of the jaw section between the most cranial
and the most caudal bony points, measured at a right angle to the
mandibular base. RRO = residual ridge order; S = section.
HSDs (P = .01) were found between the mean values for RROs 3 and
5; RRO 3 and 6 also showed HSDs, as did RROs 4 and 6 and RROs 3
and 4. HSDs were also found between RROs 5 and 6 in sections 2
and 3.

Table 2 Width of the Jaw Section

RRO 3 RRO 4 RRO 5 RRO 6

Mean SD Mean SD Mean SD Mean SD

S 1 14.3 1.1 12.5 1.2 13.3 1.7 12.0 1.6
S 2 11.7 0.8 10.1 0.8 11.5 2.0 10.9 1.6
S 3 10.5 1.3 9.7 1.1 11.4 1.5 10.6 1.5

Maximum width (mm) of the jaw section between the most buccal
and the most lingual bony points (measured at right angles to
mandibular height, parallel to the basal plane). Only 1 HSD (P = .01)
was found between the mean values for RRO 3 and 6 in section 1.

Table 3 Total Area of the Jaw Section

RRO 3 RRO 4 RRO 5 RRO 6

Mean SD Mean SD Mean SD Mean SD

S 1 261.3 32.7 190.2 36.0 187.9 44.6 140.7 27.7
S 2 252.2 42.3 169.4 47.1 172.7 41.5 117.5 28.5
S 3 231.4 43.8 155.9 52.4 172.0 46.1 97.2 28.4

Compact and cancellous bone in the bone section (mm2).  HSDs (P =
.01) were found between the mean values for RROs 3 and 4 as well
as between RROs 3 and 6 in all 3 sections, between RROs 3 and 5 in
sections 1 and 2, and between RROs 5 and 6 in sections 2 and 3. Sig-
nificant differences (P = .05) were found between the mean values of
RROs 4 and 6 in all 3 sections, between RROs 5 and 6 in section 1,
and between RROs 3 and 5 in section 3.

Table 4 Compact Portion of the Jaw Section

RRO 3 RRO 4 RRO 5 RRO 6

Mean SD Mean SD Mean SD Mean SD

S 1 132.9 17.9 100.1 19.0 107.8 32.0 67.3 19.8
S 2 110.7 25.3 80.9 14.6 77.5 20.6 52.4 8.9
S 3 108.9 24.3 73.7 21.4 90.4 21.3 55.9 9.7

Total area of the bone section minus the cancellous portion (mm2).
HSDs (P = .01) were found between the mean values for RROs 3 and
6, between the means for RROs 5 and 6 in all 3 sections, between the
means for RROs 3 and 4 in sections 2 and 3, between the means for
RROs 4 and 6, and between the means for RROs 3 and 5 in section 2.
A significant difference (P = .05) was found between RROs 3 and 6 in
section 1.

Table 5 Cancellous Portion of the Jaw Section

RRO 3 RRO 4 RRO 5 RRO 6

Mean SD Mean SD Mean SD Mean SD

S 1 128.4 22.1 90.1 29.3 80.2 24.3 73.4 15.4
S 2 141.5 23.9 88.4 40.1 95.2 25.5 65.1 24.5
S 3 122.4 26.9 82.2 42.8 81.6 30.9 41.3 25.5

Total area minus the compact portion (mm2). HSDs (P = .01) were found
between the mean values of RRO 3 and 6 in all 3 sections and between
RRO 3 and 4 as well as RRO 3 and 5 in sections 1 and 2. Significant dif-
ferences (P = .05) were found between the mean values of RRO 5 and
6 in sections 2 and 3, and between RRO 4 and 6 in section 3.
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A clear predominance of type 2 bone (Lekholm
and Zarb19; Fig 4) as opposed to type 3 bone was
observed in all sections. Type 1 was observed in some
cases, especially in the anterior region (Fig 8). Type 4
was not encountered (Table 6). Another striking find-
ing was the relatively inhomogeneous cancellous
structure and the variable expansion of the compact
bone. It was often difficult to assign the sections to a
bone density class, as there was no clear-cut delin-
eation (Fig 9). However, compact bone was markedly
wider basally and lingually than buccally and crestally
in all cases. In some cases the compact bone portion
was lacking in some alveolar ridge regions, and can-
cellous bone thus formed part of the residual ridge.

Clinical Implications
As the degree of alveolar ridge resorption does not
depend on the patient’s age but on the amount of
time elapsed postextraction,21 implants should be

placed as soon as possible after tooth loss to avoid
excessive resorption. RRO 4 (a knife-edge alveolar
ridge) presents a particular problem for implant sta-
bility. In such cases, additive surgical augmentation
such as bone splitting, guided bone regeneration,
distraction osteogenesis, or onlay grafts before

Fig 4 (left) Undecalcified ground section
in the area between first and second pre-
molar (high, well-rounded ridge = RRO 3).
Cancellous bone appears dense and tra-
beculae show a high degree of connectivity.
Cancellous bone is enclosed by a thick por-
tion of cortical bone (type 2 bone; von
Kossa’s staining). B = buccal; L = lingual.

Fig 5 (right) Undecalcified ground sec-
tions in the area between the first and sec-
ond premolar (knife-edge ridge; RRO 4). Cor-
t ical bone was not as thick as in the
specimen in Fig 4. The density of the can-
cellous portion was relatively low and varied
considerably within the section (type 3
bone; von Kossa’s staining). B = buccal; L =
lingual.

B

L

B
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Fig 6 ( lef t) Jaw section in the area
between the mandibular lateral incisor and
the canine (high, well-rounded ridge = RRO
3). The height is 21.5 mm. The cancellous
portion consisted of a fine mesh structure
and could be clearly distinguished from the
cortical bone. The cortical bone was consid-
erably thicker basally and lingually than
buccally and crestally.

Fig 7 (right) Midsagittal section classified
as RRO 6 (depressed ridge). The height was
12.5 mm. The alveolar process was com-
pletely resorbed, and the basal arch had
undergone atrophy from the cranial side.
The maximum diameter was not reduced, in
spite of the extreme extent of vertical bone
resorption.

Table 6 Classification of Bone Density According
to Lekholm and Zarb  (n = 41)

Type 1 Type 2 Type 3 Type  4

S 1 6 26 9 --
S 2 3 25 13 --
S 3 2 24 15 --

Type 1: homogeneous cortical bone, no cancellous bone
Type 2: thick cortical compartment, variably sized cancellous portion
Type 3: thin cortical compartment, dense cancellous portion
Type 4: extremely thin compact layer, cancellous bone of reduced
density
S = jaw section.
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implantation may be employed. The results suggest
that implants may be indicated even with RRO 5 and
RRO 6 since the remaining bone mass, particularly
the compact basal bone, remains very strong.

Currently computerized tomography provides the
most accurate presurgical diagnostic evaluation of
both the available bone quantity and, to a more lim-
ited degree, bone density. This method allows 3-
dimensional assessment of all bone structures and
an evaluation of the trabecular bone density and
extension.2,6,7,15,25–28

Because of the great local variations in bone
within the mandible, the use of bone biopsies to
determine the bone density seems inappropriate as
a method of preimplantation evaluation. This
method does not allow any conclusions to be drawn
about the bone density in neighboring regions.
Moreover, it results in deterioration of the local bone
condition at the donor site. Overall, a significantly
higher implant failure rate can generally be expected
when implants are placed in alveolar bone with
reduced density and stability.14

Based on the results obtained, the interforaminal
region of the mandible appears to be the site of
choice for implantation, since it can be expected that
the bone structure is well suited to provide the nec-
essary stability. However, it should be noted that,
throughout the interforaminal region, particularly
midsagitally, the cortical sheath is thickest lingually
and caudally. This can result in cooling problems dur-
ing drilling. Furthermore, results confirm the authors’
clinical findings that, on account of its extension and
bone quality, the mental protuberance is an ideal
donor site for autologous bone.
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