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The Lekholm and Zarb (L&Z) radiographic bone 
quality and quantity classification1 is often used 

for the preliminary assessment of potential dental 
implant host sites.2 Bone density is commonly clas-
sified into the following four types on the basis of 
the amount of cortical and trabecular bone assessed 
radiographically: 

•• Type 1: Entirely homogenous compact bone
•• Type 2: Thick layer of compact bone surrounding a 

core of dense trabecular bone
•• Type 3: Thin layer of compact bone surrounding a 

core of dense trabecular bone
•• Type 4: Thin layer of compact bone surrounding a 

core of low-density trabecular bone

Bone quality assessed by tactile sensation on the 
basis of the L&Z classification during osteotomies 
for the placement of dental implants was shown to 
be reproducible3,4 and significantly correlated with 
bone mineral density (BMD),3 early implant treatment 
failure,5 and primary stability of dental implants when 
types 1 and 2 are combined together.6,7 Furthermore, 
a significant correlation has been found between the 
subjective drilling resistance assessment and the 
L&Z classification, as assessed tomographically.2,8,9 
A recent systematic review10 and numerous clinical 
trials11–13 have confirmed that the placement of den-
tal implants in bone sites of poorer qualities and/or 
lacking adequate bone volume according to the L&Z 
classification may significantly increase failure rates. 

However, other researchers have reported lack of 
precision in the current classification system.4 This is 
so because bone types 1 and 4 may be distinguishable 
from one another, but bone types 2 and 3 may be in-
distinguishable. Moreover, a wide range of computed 
tomography (CT) values (Hounsfield Units [HU]) may 
be observed within each category.4,14 Furthermore, 
the inevitable overlapping of the cone beam comput-
ed tomography (CBCT) density values in each group 
of the classification makes it almost impossible to pre-
cisely identify a particular bone quality.15 In addition, 
low interexaminer reliability has been reported in the 
subjective assessment of bone quality using the L&Z 
classification from CT images.16
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Purpose: To propose a revised Lekholm and Zarb classification that takes into account 
all possible combinations of compact and trabecular bone and to provide guidelines for 
increased reproducibility of the classification. Materials and Methods: Three new 
classes were added to the previous classification. The new classes have been designated 
as subclasses of bone types 2 and 3, as follows: Type 2b: Thick layer of compact bone 
surrounding a core of medium-density trabecular bone; Type 2c: Thick layer of compact 
bone surrounding a core of low-density trabecular bone; and Type 3b: Thin layer of compact 
bone surrounding a core of medium-density trabecular bone. Three interpretation guidelines 
were recommended to increase the reproducibility of the revised classification. Three 
experienced examiners were trained using the revised classification and provided with 
computed tomography (CT) sectional images of edentulous jawbones for classification. 
Each examiner classified the images twice with at least a 1-week interval. The intra-
observer agreement was measured. Results: The kappa statistic for the intra-observer 
agreement of the examiners ranged from 0.835 to 0.919 (P < .001). Conclusion: The high 
reproducibility of the proposed revised CT-based Lekholm and Zarb classification obtained 
in the current study suggests its efficacy in distinguishing between the various combinations 
of compact and trabecular bone. Int J Prosthodont 2018;31:342–345. doi: 10.11607/ijp.5714
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With CT imaging, various combinations of compact 
and trabecular bone are frequently encountered in the 
jawbone. The variable thickness and density of com-
pact and trabecular bone within a single site may lead 
to variability in the subjective classification. The broad 
definition of bone tissue characteristics may lead to 
the lack of a standardized classification by different 
studies and, as such, the results of different studies 
may be difficult to compare and extrapolate to clinical 
situations.17

Given the limitations of bone type classifications 
in the current literature, this study aims to propose a 
revised L&Z classification that takes into account all 
possible combinations of compact and trabecular bone 
and to provide more reliable guidelines for increased 
utilization and reproducibility of the classification.

Materials and Methods

The revised classification categorizes cortical bone 
according to thickness (thick or thin) and trabecular 
bone according to density (dense, medium density, or 
low density). To take into account all possible combi-
nations of compact and trabecular bone, three new 
classes (type 2b, type 2c, and type 3b) have been 
added to the previous classification. The new classes 
have been designated as subclasses of bone types 2 
and 3, as follows (Fig 1):

•• Type 1: Entirely homogenous compact bone
•• Type 2a: Thick layer of compact bone surrounding 

a core of dense trabecular bone
•• Type 2b: Thick layer of compact bone surrounding 

a core of medium-density trabecular bone
•• Type 2c: Thick layer of compact bone surrounding 

a core of low-density trabecular bone
•• Type 3a: Thin layer of compact bone surrounding a 

core of dense trabecular bone
•• Type 3b: Thin layer of compact bone surrounding a 

core of medium-density trabecular bone
•• Type 4: Thin layer of compact bone surrounding a 

core of low-density trabecular bone

To increase the reproducibility of the revised clas-
sification, the following guidelines are recommended:

•• When a site has areas of both thin and thick layers 
of compact bone, it should be considered to have 
a thick layer of compact bone.

•• When a site has mixed-density trabecular bone, 
the predominant appearance should be consid-
ered. However, if the two densities are similar in 
area, then the area where an implant would be 
placed should be considered (Fig 2).

•• To consistently differentiate between type 1 and 
type 2 bone, a site should be classified as type 1 if 
there is no clear and continuous endosteal border 

Type 1 Type 2b Type 3aType 2a Type 2c Type 3b Type 4

Fig 1    Diagram of the cortical bone thicknesses and trabecular bone densities of the bone types in the revised classification, with examples of 
computed tomography (CT) transverse cross-sectional images of the jawbones for each bone type (all CT images were acquired with identical 
standard exposure and reconstruction parameters and displayed with identical settings) (bone window, window width: 4,500, window level: 850).
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for the cortical boundary. If a continuous clear 
endosteal boundary is identifiable, then the bone 
should be classified as type 2 (Fig 1). 

Three experienced examiners—a prosthodontist 
with 14 years of experience (S.A.) and two oral and 
maxillofacial radiologists with 17 and 13 years of expe-
rience in interpretation of CT images—were recruited 
to test the intra-observer agreement using the pro-
posed classification. The examiners were introduced 
to the revised classification with a written descrip-
tion of each bone type (as described above) and a 
diagrammatic representation of each bone type with 
sample images (Fig 1). The examiners were then pro-
vided with 47 CT sections of the jawbones as separate 
still images in Portable Network Graphics (PNG) for-
mat and viewed them on their individual laptop com-
puters using Adobe Photoshop software (Versions CC 
2017.1.1, Elements 8.0, and CS5.1, respectively), apply-
ing the above classification. The examiners were pro-
vided with the same images 1 week later in a different 
order and with different code numbers. They were 
asked to apply the classification to the same images. 
The intra-observer agreement for each examiner was 
then calculated as a kappa statistic. Statistical analy-
sis was performed using Statistical Package for the 
Social Sciences (SPSS) version 24 (IBM). 

Afterwards, the examiners were further calibrated 
using the above guidelines and by reviewing addition-
al CT images demonstrating different densities of tra-
becular bone. Then, the same procedure for viewing 
the 47 images was repeated by each examiner twice 
with an interval of 1 week between examinations, and 
the intra-observer agreement was calculated again.

Results

The intra-observer agreement for each examiner 
when the revised CT-based L&Z classification was 
applied to the 47 images without the guidelines was 
substantial, with the kappa statistic for the three 

examiners being 0.749 (prosthodontist) and 0.738 and 
0.747 for the two oral and maxillofacial radiologists. 
After further calibration with the suggested guide-
lines, the intra-observer agreement increased to al-
most perfect; the kappa statistic increased to 0.835 
for the prosthodontist and 0.898 and 0.919 for the two 
oral and maxillofacial radiologists, respectively.18 The 
P value for all the kappa values was < .001.

Discussion

Poor bone quantity and quality have been consis-
tently reported as among the main risk factors for 
implant failures as a consequence of impaired bone 
healing processes and excessive resorption.12,19 
Consequently, pretreatment diagnostic evaluation of 
potential implant sites is crucial for a favorable treat-
ment prognosis.

The high reproducibility of the proposed revised 
L&Z classification guidelines obtained in the current 
study suggests its efficacy in distinguishing between 
the various combinations of compact and trabecular 
bone. The high intra-observer reproducibility obtained 
with the proposed classification suggests that it may 
improve the reliability of the tests, relating implant 
prognosis to bone type. The high reproducibility of the 
present classification may also improve communica-
tion between researchers and clinicians, as the bone 
types are clearly distinguished on the basis of cortical 
and trabecular bone and are also easily distinguish-
able from one another.

Nonetheless, prospective clinical trials are required 
to investigate the correlation between bone type as 
assessed using the revised classification and tactile 
sensation during osteotomies, BMD, early implant fail-
ure, primary stability of dental implants, and drilling 
resistance assessment. Moreover, further studies are 
also required to investigate the prevalence of the bone 
types in the various regions of the jaws using the pro-
posed classification, as well as to investigate the CT 
numbers/HUs within each bone type.

Fig 2    Transverse computed tomography cross-
section of mandibular site demonstrating mixed-
density trabecular bone. There is a wide area of 
high-density bone buccally and inferiorly and also a 
wide area of low-density bone in the center of the 
ridge. The classification of the trabecular density 
should be determined by the area where a proposed 
dental implant is expected to be placed (marked by 
white rectangle). Therefore, the trabecular bone at 
this site would be classified as low density.
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Literature Abstract

Occlusal Onlays as a Modern Treatment Concept for the Reconstruction of Severely Worn Occlusal Surfaces

According to the Fifth German Oral Health Study, the caries experience in the German population is declining sharply. The number of teeth 
still present at an advanced age has also increased significantly in recent decades. These findings show a clear trend toward long-term tooth 
preservation, possibly with fixed dental prostheses, which is further supported by the possibility of placing implants to increase the number 
of abutments. The pronounced decline in caries experience has given Germany a leading international position in terms of dental health, but 
there is increasing evidence of risks associated with dental hard tissue damage because of erosion/biocorrosion, attrition, and abrasion. The 
defect morphology of these wear-related lesions is different from that of caries lesions, as occlusal surfaces are more often affected in the 
posterior region. Against this background, restorative treatment concepts have become significantly more differentiated in recent decades. 
Predominantly subtractive concepts to provide mechanical retention for the restoration using traditional cements are now replaced by less 
invasive, primarily defect-oriented procedures whenever feasible. In the case of pronounced dental hard tissue loss, additive approaches also 
allow restorations that restore function. In addition, there are modifications to traditional procedures, such as defining the treatment goal in 
the lead-up to the treatment itself with the aid of a diagnostic wax-up. The wax-up provides orientation for the subsequent tooth preparation 
and allows a particularly economical approach to the removal of healthy dental hard tissue. Furthermore, the introduction of new preparation 
designs has contributed significantly to the preservation of dental hard tissue on the teeth to be restored. This article describes the principles 
of minimally invasive treatment using occlusal onlays for the reconstruction of severely worn occlusal surfaces.
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