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ABSTRACT

Purpose: The poor bone quality that exists in the posterior maxilla is associated with lower initial stability and higher failure
rates in implants. This study examined the bone densities of edentulous posterior maxillae by computed tomography (CT).

Materials and Methods: Based on CT images, the voxel values representing implant replacement in the posterior maxillary
regions of 30 patients were calculated in the range from 150 to 2,000 Hounsfield units (HU). The bone densities of these
regions were categorized according to Misch’s classification and compared among individuals and between sexes.

Results: The average of the median individual CT values was 495 HU (95% confidence interval: 442–547 HU) and was
significantly higher in males than in females. Most of the bone in the posterior maxillae was classified as D3 (350–850 HU)
or D4 (150–350 HU) according to Misch’s classification, comprising 50% and 32% of the entire regions, respectively.

Conclusions: More than 80% of the edentulous posterior maxillae consisted of porous cortical crest or no cortical bone
according to CT, although the bone densities varied markedly among individuals. More detailed assessments of bone
density may be useful to enhance initial stability of implants in the posterior maxilla.
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INTRODUCTION

Not surprisingly, lower initial stability and higher failure

rates of implantation into poor quality bone, as opposed

to higher quality bone, are well documented.1–5 Notably,

the poorest bone quality in the oral environment typi-

cally exists in the posterior maxilla.6 Instead of associat-

ing inferior implant survival with location alone, bone

density should be considered as an additional key pre-

dictive parameter.7–10

In 1988, Misch proposed the following four bone

density groups based on microscopic cortical and trabe-

cular bone characteristics:11 D1, primarily dense cortical

bone; D2, dense to thick porous cortical bone on the

crest and coarse trabecular bone; D3, thin porous corti-

cal crest and fine trabecular bone; and D4, minimal to

no crestal cortical bone. Suggested implant designs, sur-

gical protocols, healing processes, treatment plans, and

progressive loading time spans should be modified for

the individual bone density types.11

Recently, the use of computed tomography (CT) in

diagnosis and treatment planning for implant placement

has greatly increased, mainly because CT can determine

the bone anatomy and density more precisely. Each voxel

within a scan of a bone specimen generates a CT value

(in Hounsfield units: HU) that is related to the density of

the tissue represented by the voxel bone density classifi-

cation, which is categorized as follows:11 D1, >1,250 HU;

D2, 850–1,250 HU; D3, 350–850 HU; D4, 150–350 HU.

D4 bone requires careful planning for implant design,

implant number, and progressive loading. Misch

described bone density as being lowest in the posterior

maxilla. However, the distinct bone densities of the
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posterior maxillae and their individual variations from

person to person have not been clearly indicated.

This study aimed to examine the bone densities of

edentulous posterior maxillae in HU by CT to enhance

the initial stability of implants.

MATERIALS AND METHODS

The study protocol was approved by the Institutional

Review Board of Osaka University Graduate School of

Dentistry.

The CT data used for implant diagnoses of 30 max-

illary posterior regions (in 20 males and 10 females, aged

35–72 years) were utilized in this study. At various hos-

pitals, we used clinical multislice CT machines made by

Toshiba Co. (Tokyo, Japan), General Electric Co. (Fair-

field, CT, USA) or Siemens AG (Munich, Germany) with

2, 4, 8, 16, or 32 slices. The machines were calibrated to

-1,000 HU for air, prior to the first use every day and

according to the written operating instructions, and to

0 HU for water, at least once a year by the CT manufac-

turer maintenance contract.

The CT images were loaded into a self-modified

computer-program based on commercial implant simu-

lation software (LANDmarker Ver. 3.5; iLAND Solutions

Co. Ltd., Osaka, Japan), and three-dimensional models

were reconstructed from the Digital Imaging and Com-

munications in Medicine (DICOM) data. The maxillary

posterior edentulous area to be used for evaluations was

selected by manual placement of a rectangular parallel-

epiped region of interest (Figure 1). The CT values for

Figure 1 Simulated images of a posterior maxilla by the LANDmarker diagnosis software. A posterior edentulous area selected
using a rectangular region of interest was extracted and analyzed. The areas measured on a posterior edentulous maxilla are
displayed as a projected diagram with a rectangular parallelepiped solid region, including a frontal (buccolingual) section (upper
right), a transverse section (lower left), and a sagittal (panoramic) section (lower right).

e184 Clinical Implant Dentistry and Related Research, Volume 14, Supplement 1, 2012



the voxels within the rectangular area were calculated,

and the voxel numbers were counted in tens of HU in

the range from 150 to 2,000 HU. The component per-

centages (based on the predefined ranges of D1–D4)

of the individual maxillae were calculated, and the

CT values were also compared between the sexes by

Student’s t-test. Spearman’s rank-correlation coefficient

was used to evaluate whether age was correlated with the

CT values. The level of significance was set at p < .05.

RESULTS

The average of the median individual CT values was

495 HU (95% confidence interval: 442–547) and was

significantly higher in males than in females (p = .038).

The average of the 25th percentile of the CT values

(326 HU; 95% confidence interval: 291–361) was also

significantly higher in males (p = .025). Age was not sig-

nificantly correlated with the 50th and 25th percentiles

of the CT values (p = .925 and p = .988, respectively).

The majority of the bone in the posterior maxillae

was classified as D4 or D3, comprising averages of 32%

and 50% of the selected maxillary regions, respectively.

However, these component percentages differed among

individuals (Figure 2). To obtain more detailed informa-

tion, we divided D3 and D4 into two subgroups. The

average bone densities of subgroups D3a (600–850 HU),

D3b (350–600 HU), D4a (250–350 HU), and D4b

(150–250 HU) comprised 20%, 30%, 13%, and 19% of

the selected maxillary regions, respectively (Figure 3).

DISCUSSION

The highly satisfactory success rate obtained with dental

implants in the treatment of various edentulous cases

depends on the volume and quality of the bone. The

initial stability of the implant is, in effect, one of the

fundamental criteria for obtaining osseointegration.12

Achieving stability depends on the bone density and

surgical technique as well as the microscopic and mac-

roscopic morphologies of the implant used. In bone that

is not very dense, it is often difficult to obtain implant

anchorage. The lack of initial stability in lower quality

bone results in lower success rates,12 which is especially

critical for immediate loading.

Classification of bone quality has been used clini-

cally as Lekholm and Zarb suggested a system as a means

to assess the potential survival and failure of implants.13

Using their classification, it has been possible to evaluate

the bone quality by the operator’s subjective tactile

sense during the first drilling process or by the resonance

frequency after implant installation. In recent years,

CT scanning examinations have gained popularity

in implant treatment, not only for evaluating bone

anatomy and quantity but also for determining bone

quality. In particular, Misch’s classification has fre-

quently been used for an objective evaluation of bone

quality that is based on CT values.

In this study, we focused on identifying bone from

150 to 2,000 HU. Pixels with less than 150 HU were not

recognized as bone structures. These areas were obvi-

ously unavailable for implantation and occupied only

less than 5% of the whole bone area. Therefore, we did

not use areas less than 150 HU for calculation of the

voxels.
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In this study, we found that women exhibited a

lower bone density in the posterior maxilla than men,

and that age-related loss of bone was not pronounced.

In addition, the bone density in the posterior maxilla

was mostly uniform according to Misch’s classification,

because more than 80% of the bone quality was

classified as D3 or D4. To provide a more detailed and

effective evaluation, we proposed to modify Misch’s

classification to create subcategories within D3 and

D4, which were divided by the median values of their

respective ranges. This modified Misch subclassifica-

tion created a four-chrome range of D3 and D4 in the

multiplanner reconstruction, thereby allowing a more

sophisticated assessment of the bone density than the

two-chrome range in the original method (Figure 4).

Although the majority of bone in the posterior maxillae

was classified as D3 or D4, there were remarkable varia-

tions among individual maxillae. Therefore, a thorough

CT examination and a detailed display of the bone

density in the prospective implantation site are required

for successful tailor-made treatments of the posterior

maxilla. For example, we can denote a comparatively

higher bone density area (600–850 HU) in D3a as exhib-

iting a greater potential for implant stability during

installation. In contrast, a lower bone density area (150–

250 HU) in D4b, which is associated with a compara-

tively lower initial stability and should be avoided for

early loading, can also be indicated.

The linear or finer color map allows for a more

detailed and gradual image. However, we believe that

strict HU boundaries are clinically useful to identify

potential bone for implantation. From the results of this

study, 80% of the total volume consisted of D3 or D4

bone in the maxillary posterior area. We believe it is

important to denote the denser bone in D3, which is

adequate for implantation, as D3a, and to distinguish

the more porous bone in D4, which is not suitable for

implantation, as D4b, in a single color.

CONCLUSIONS

More than 80% of the edentulous posterior maxillae

consisted of porous cortical crest or no cortical bone

according to CT, although the bone densities varied

markedly among individuals. More detailed assessments

of bone density may be useful to enhance initial stability

of implants in the posterior maxilla.
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