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A B S T R A C T

Objectives: This study aimed to determine the correlation between the trabecular bone micro-

structure and bone density, measured by cone-beam computed tomography (CBCT), and 

implant stability.

Materials and methods: This study was designed and implemented as a prospective obser-

vational clinical study. The bone density of the planned implant site was assessed by CBCT 

preoperatively. Histomorphometric analysis was performed for the bone specimens harvested 

from the implant sites before implant insertion using a trephine head. The primary stabil-

ity was measured immediately after implant insertion while the secondary stability was 

measured 16 weeks postoperatively using Osstell device. Pearson and Spearman correlation 

tests were used to determine the correlation between the trabecular bone microstructure 

and bone density and implant stability.

Results: This study included 31 bone specimens harvested from implant sites. The preoperative 

bone density demonstrated a positive correlation with bone volume density (r = 0.735, p < 0.0001) 

and trabecular thickness (r = 0.575, p = 0.0007), while there was a negative correlation with bone 

surface density (r =- 0.513, p = 0.003) and trabecular separation (r = -0.585, p = 0.0005). Primary 

stability implant stability quotient values demonstrated a positive correlation with trabecular 

thickness (r = 0.520, p =0.002) and a negative correlation with bone surface density (r = -0.431, 

p =0.015). No correlation regarding the secondary stability was detected. 

Conclusions: The bone volume density and trabecular thickness correlated positively with 

the bone density measured by CBCT, whereas bone surface density and trabecular separa-

tion demonstrated negative correlation. The primary stability correlated positively with the 

trabecular thickness and negatively with bone surface density.
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INTRODUCTION 

Proper treatment planning is one of the critical aspects of den-

tal implant success. The sole determinants of implant diagnosis 

and treatment planning in the past were periapical and pano-

ramic radiographs. Cone-beam computed tomography (CBCT) is 

becoming increasingly important for appropriate implant place-

ment, especially in cases of complex reconstructions1.

Bone quantity and quality are two frequently discussed 

parameters that influence surgical technique, healing time, 

and progressive loading during prosthodontic rehabilitation. 

The term bone quantity refers to the amount of bone namely; 

the height and width of the alveolar crest available for implant 

placement2, whereas bone quality refers to the mechanical 

properties, architecture, degree of mineralization of the bone 

matrix, chemistry, and structure of the bone mineral crystals, 

and bone remodeling properties3. Dental implants installed in 

alveolar bone of poor quality and insufficient volume signifi-

cantly affect implant failure rates4. 

The trabecular (cancellous) bone is one of the main com-

ponents that influence bone quality5.  The trabecula is consi-

R E S U M E N

Objetivos: Este estudio tenía como objetivo determinar la correlación entre la microestructura 

del hueso trabecular y la densidad ósea, medidas mediante tomografía computerizada de haz 

cónico (CBCT) y la estabilidad del implante.

Materiales y métodos: Este estudio se diseñó e implementó como un estudio clínico observa-

cional prospectivo. La densidad ósea del lecho implantario previsto se evaluó mediante CBCT 

preoperatoria. Se realizó un análisis histomorfométrico de las muestras óseas extraídas de los 

lechos de los implantes antes de su inserción mediante un cabezal de trépano. La estabilidad 

primaria se midió inmediatamente después de la inserción del implante, mientras que la estabili-

dad secundaria se midió 16 semanas después de la intervención, utilizando el dispositivo Osstell. 

Se utilizaron las pruebas de correlación de Pearson y Spearman para determinar la correlación 

entre la microestructura del hueso trabecular y la densidad ósea y la estabilidad del implante.

Resultados: Este estudio incluyó 31 especímenes óseos extraídos de zonas de implantes. La den-

sidad ósea preoperatoria demostró una correlación positiva con la densidad del volumen óseo 

(r = 0,735; p < 0,0001) y el grosor trabecular (r = 0,575; p = 0,0007), mientras que se produjo una 

correlación negativa con la densidad de la superficie ósea (r =- 0,513; p = 0,003) y la separ-

ación trabecular (r = -0,585; p = 0,0005). Los valores del cociente de estabilidad primaria de los 

implantes mostraron una correlación positiva con el grosor trabecular (r = 0,520; p = 0,002) y una 

correlación negativa con la densidad de la superficie ósea (r = -0,431; p = 0,015). No se detectó 

ninguna correlación con respecto a la estabilidad secundaria. 

Conclusiones: La densidad del volumen óseo y el grosor trabecular se correlacionaron positiva-

mente con la densidad ósea medida mediante CBCT, mientras que la densidad de la superficie 

ósea y la separación trabecular demostraron una correlación negativa. La estabilidad primaria 

se correlacionó positivamente con el grosor trabecular y negativamente con la densidad de 

la superficie ósea.

Correlación de la microestructura del hueso trabecular alveolar con 
la densidad ósea medida mediante tomografía computerizada de 
haz cónico (CBCT) y la estabilidad de los implantes

Palabras clave:

Densidad ósea, implantes dentales, 
tomografía computerizada de haz 
cónico. 

dered the fundamental anatomical and functional unit of the 

trabecular bone. Although cortical bone aids in initial implant 

stability, cancellous bone also plays an important role because 

it has a greater rate of bone turnover than cortical bone6 and is 

in direct contact with the majority of the implant surface7. As a 

result, it has an impact on the healing and osseointegration 

process at the bone-implant surface8. 

Trabecular density and trabecular microstructure should be 

integrated to improve bone strength prediction9. This is because 

these measurements do not always correspond to one another. 

High bone density, for example, does not always imply high 

trabecular parameters like trabecular number and trabecular 

thickness10. Therefore, relying solely on trabecular density to 

predict implant success is no longer recommended11.

For bone microarchitecture analysis, histomorphometry has 

long been regarded as the gold standard12. This method allows 

for two-dimensional (2D) evaluation and produces a high-spa-

tial-resolution and high-contrast image, but it is time-consu-

ming13. A third dimension can be added based on stereology14. 

Histomorphometry also has the drawback of being destructive 

and not allowing for further measurements of samples15. 
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Microcomputed tomography (micro-CT) is another method 
to study bone microarchitecture, it provides high resolution 
and accurate imaging for both the 2D and three-dimensio-
nal (3D) study of bone morphology14. González-García and 
Monje analyzed the osseous microstructure using micro-CT 
and compared it with the conventional stereological-based 
histomorphometry performed by optic microscopy and low-
vacuum surface electronic microscopy, and they demons-
trated that micro-CT correlates with the percentage of bone 
assessed by conventional stereological-based histomorpho-
metry16. Moreover, the same authors first demonstrated that 
the radiographic bone density assessed by CBCT had a high 
positive correlation with bone volumetric fraction assessed 
by micro-CT at the recipient site of dental implants within 
the maxillary bones17. 

There appear to be a few clinical studies that address 
the relationship between conventional histomorphometric 
analysis of the trabecular bone and the bone density measu-
red by CBCT and dental implant stability, therefore, this study 
aimed to investigate the trabecular bone histomorphometric 
parameters and their correlation with bone density values 
measured by CBCT and implant stability.

MATERIALS AND METHODS

This prospective observational clinical study was con-
ducted at the Department of Oral and Maxillofacial Surgery, 
College of Dentistry, University of Baghdad during the period 
extending from September 2019 to June 2021. This study was 
conducted in accordance with the Declaration of Helsinki 
guidelines and was approved by the institutional Research 
Ethics Committee (protocol # 036118), and each patient sig-
ned informed consent to participate in this study.

The sample included patients who presented with mis-
sing teeth that were restored with implant-supported fixed 
prostheses. The inclusion criteria included healthy adult 
patients with partially edentulous maxilla or mandible, with 
a minimum of 6 months after teeth extraction, who were 
indicated for delayed implant placement protocol and pre-
sented with sufficient vertical and horizontal alveolar ridge 
dimensions.

The exclusion criteria were any systemic condition that 
could interfere with normal healing such as uncontrolled dia-
betes mellitus, patients with a history of irradiation to the 
head and neck region or chemotherapy, patients treated with 
oral or intravenous bisphosphonates, local conditions such 
as the presence of acute or chronic infection, or any local 
pathology in the proposed implant zone, inadequate inter- 
occlusal space, active periodontitis and clinical evidence of 
parafunctional habits (bruxism or clenching).

A preoperative CBCT (Kavo OP 3D PRO, Germany) was 
taken for all patients to assess the bone density and to mea-
sure the bone height and width of the alveolar ridge at the 
proposed implant sites using the OnDemand3D™ software 
(Cybermed Inc.©, Seoul, Korea). The bone density graph tool 
was used to determine the bone density inside the implant 
fixture in Hounsfield units (HU).

Surgical procedure

All the procedures were performed under local anesthe-
sia. After reflecting a mucoperiosteal flap, the implant site 
preparation started by harvesting a bone sample from the 
implant sites using EasyRetrieve two-piece trephine burs kit 
(ACE Surgical Supply Co., Inc., USA), with a 3.2 mm outer 
diameter and 2.5 mm inner diameter trephine head on a 
contra-angle handpiece, the height of the bone sample 
corresponded to the planned length of dental implants. After 
bone sample procurement, the preparation of the implant 
site proceeded in a sequential manner using the final drills 
rotating at a speed of 800 rpm and 35 Ncm torque with 
copious saline irrigation and according to the planned 
implant dimensions.

The dental implants (Superline, Dentium, Seoul, Korea), 
with implant diameters of 3.6 mm, 4 mm, or 4.5 mm and 
lengths of 8 mm, 10 mm, or 12 mm, were installed into the 
osteotomy site using the motorized method with the engine 
set at 50 rpm and 35 Ncm torque. A ratchet was used to place 
the implant to the desired depth when an insertion torque of 
more than 35 Ncm was required.

After the insertion of dental implants, the primary sta-
bility was measured using a resonance frequency analy-
sis device (Osstell ISQ, Gothenburg, Sweden). Two repeated 
implant stability quotient (ISQ) measurements were obtai-
ned for each implant along the buccolingual and mesiodistal 
axis and the mean of these two readings was recorded as 
the primary stability.

After 16 weeks postoperatively, the implants were expo-
sed and the implant stability was measured in the same 
manner and recorded as the secondary stability, and a hea-
ling abutment was inserted.

Histomorphometry 

The 2.5 mm diameter bone samples that were harvested 
from the implant site were rinsed with a physiologic solution 
and were fixed in 10 % formalin for 24 hours. Then they were 
decalcified with 10 % formic acid and under routine proces-
sing prepared in paraffin blocks. Following this processing, 
the samples were longitudinally sectioned in 5-micrometer 
slices, a middle section was selected for histomorphometric 
analysis corresponding to the greatest dimension of the spe-
cimen in length and diameter, and were stained with hema-
toxylin/eosin for light microscopic examination. Digital ima-
ges were acquired and measurements of total bone perimeter 
length (PB), total bone area [trabecular bone] (AB), and total 
section area [trabecular bone plus bone marrow] (AT) were 
performed using the ImageJ v1.52a software (U.S. National 
Institutes of Health, Bethesda, Maryland, USA) (Figure 1).

The primary 2D histomorphometric measurements (PB, AB, 
and AT) were used to calculate 3D parameters based on the 
stereology as follows14: 

−  Bone volume density (BV/TV): is the ratio of the trabecu-
lar bone volume (BV) to the total tissue volume (TV) of 
the volume of interest (VOI) calculated as (AB/AT) × 100. 
The unit is %.
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−  Bone surface fraction (BS/TV): is the ratio of the bone sur-
face area (BS) to the total TV of VOI calculated as (PB/AT) 
×1.199. The unit is mm−1.

−  Bone surface density (BS/BV): is a ratio of BS area to 
the trabecular BV of VOI calculated as (PB/AB) × 1.199. 
The unit is mm−1.

−  Trabecular thickness (Tb. Th): is calculated from BV and 
TV as (2/1.199) (AB/PB). The unit is mm.

−  Trabecular Number (Tb. N): calculated from the reciprocal 
of the distance between the center and the center of tra-
beculae as (1.199/2) (PB/AT). The unit is mm−1.

−  Trabecular separation (Tb. Sp): is the distance between 
adjacent trabeculae calculated as (2/1.199) (AT-AB)/PB. 
The unit is mm.

The statistical analysis was performed using GraphPad 
Prism version 6 for Windows (GraphPad Software, La Jolla, 
CA, USA). Descriptive statistical analysis included the calcu-
lation of percentages and mean, standard deviation (SD), and 
median. The inferential analysis included using the Shapiro-
Wilk normality test, Pearson correlation test, and Spearman 
correlation test. The probability value P<0.05 was considered 
statistically significant.

RESULTS

Initially, this study included 24 patients who received 
42 dental implants and from whom 42 bone samples were 
harvested. After excluding the distorted bone samples 
(n = 11), 31 specimens were available for histomorphome-
tric analysis; the specimens belonged to 15 patients; 9 (60 %) 
females and 6 (40 %) males. The mean (SD) age of the patients 
was 45.13 (14.61) years with a range of 25-75 years and a 
median of 43.00 years. The mean (SD) and median preopera-
tive bone density measured by CBCT were 238.6 (113.9) and 
223.3 HU, respectively (range 28.40- 451.9 HU). 

The descriptive statistics of the histomorphometric para-
meters of the trabecular bone are shown in Table I. Most sam-
ples (n = 23, 74.2 %) were from the mandible.

Figure 1. Histological slice of bone specimen (Hematoxylin 
and Eosin/original magnification × 4) obtained from lower 
right first molar area. Histomorphometric measurements 

show the total section area (trabecular bone + bone marrow) 
outlined in black, and total bone area (trabecular bone) 

outlined in yellow, using Imagej v1.52 software.

Study variables and statistical analysis

The predictor variables included the bone density mea-

sured by CBCT as Hounsfield units (HU), the trabecular bone 

morphometric parameters, and the primary and secondary 

stability measured as ISQ. The outcome variables were the 

correlation of the trabecular bone morphometric parameters 

with the bone density and implant stability. Other variables 

included the age and sex (male or female) of the patients and 

the recipient jaw (maxilla or mandible).

Table I. Descriptive statistics of the histomorphometric 
parameters of trabecular bone.

Histomorphometric 
parameters

Mean SD Median

Total area (AT) 6.19 2.06 5.98

Bone area (AB) 1.90 1.20 1.64

Bone perimeter (PB) 20.73 10.10 18.62

Bone volume density / % 29.55 13.13 28.13

Bone surface fraction / mm-1 4.13 2.07 3.69

bone surface density /mm-1 15.44 5.97 13.73

Trabecular thickness / mm 0.15 0.06 0.15

Trabecular number / mm-1 2.06 1.03 1.84

Trabecular separation / mm 0.39 0.14 0.41

SD: Standard deviation.

The bone density measured by CBCT correlated positively 
with bone volume density and trabecular thickness, while 
there was a negative correlation with bone surface density 
and trabecular separation. This indicated that bone density 
assessed by CBCT increased with the increase in bone volu-
me density and trabecular thickness and decreased with the 
increase in bone surface density and trabecular separation. 
The correlation of histomorphometric parameters with bone 
density measured by CBCT is summarized in Table II.
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DISCUSSION

In the peri-implant healing phase, trabecular bone tis-
sue is regarded to be the most significant18. The use of CBCT 
in assessing alveolar bone density is considered a reliable 
method19-21 but its accuracy and reliability in representing 
the actual bone quality is not clear. For this reason, stud-
ying trabecular bone microarchitecture is important for 
understanding its mechanical competency22, its relationship 
with bone density, and its impact on the outcome of dental 
implant therapy23. Therefore, this study aimed to investigate 
the trabecular bone histomorphometric parameters and their 
correlation with bone density values measured by CBCT and 
implant stability. 

The result of this study showed that the bone density mea-
sured by CBCT correlated positively with bone volume density 
and trabecular thickness while there was an inverse corre-
lation with bone surface density and trabecular separation. 
These findings are in line with a recent study24 that compared 
trabecular bone density measurement in HU with trabecu-
lar microstructure using CBCT obtained from 58 patients, 
the authors demonstrated a significant positive correlation 
of bone volume fraction, trabecular thickness, and trabecular 
number with bone density measured by CBCT, while trabecular 
separation negatively correlated with the density. They sugges-
ted that when analyzing the structural characteristics of the 
trabecular bone, it is desirable to use trabecular thickness, tra-
becular number, and trabecular separation, and they conside-
red that the bone volume fraction or HU is for the evaluation 
of the overall bone. 

Blok et al.25 also reported a significant positive correlation 
between bone density and trabecular thickness and they 
suggested that trabecular thickness and bone volume den-
sity may be predictors for successful osseointegration of the 
implants.

González-García and Monje analyzed the relationship 
between the preoperatively determined radiographic bone 
density assessed by the density values obtained by CBCT 
and several histomorphometric microstructural variables 
assessed by micro-CT, the authors included 39 cylindrical 
bone biopsies extracted from the maxillary bones at the site 
of the planned dental implants and demonstrated a strong 
positive correlation between the radiographic bone density 
and bone volumetric fraction (BV/TV) concluding that pre-
operative estimation of density values by CBCT is a reliable 
tool to objectively determine bone density and to determine 
the best sites for dental implant insertion17. 

Regarding the correlation between the trabecular bone 
morphometric parameters and the primary implant stability 
in this study, the data showed a significant positive correla-
tion between the trabecular thickness and the primary stabi-
lity ISQ values. This concurs with the findings of Kang et al26. 
who reported a similar finding in dental implants placed into 
swine bone specimens and measured by impact response 
frequency. Moreover, Pauwels et al.27 reported a significant 
correlation between the trabecular thickness around the 
entire implant and the primary stability ISQ values of den-
tal implants placed into 21 hemimandible bones of human 
cadavers. 

Table II. The correlation of histomorphometric 
parameters with bone density measured by CBCT.

Histomrphometric parameters
Correlation with bone 

density measured by CBCT

Bone volume density/ %
r = 0.735 *

p < 0.0001 [S]

Bone surface fraction / mm-1
r = 0.236 *

p = 0.199 [NS]

Bone surface density /mm-1
r = -0.513 †

p = 0.003 [S] 

Trabecular thickness /mm
r = 0.575 †

p = 0.0007 [S]

Trabecular number /mm-1
r = 0.236 *

p = 0.199 [NS]

Trabecular separation /mm
r = -0.585 †

p = 0.0005 [S]

*: Spearman r. †: Pearson r. S: significant. NS: non-significant.

Table III. The correlation of histomorphometric 
parameters with implant stability.
Histomrphometric 

parameters
Correlation with 
primary stability

Correlation with 
secondary stability

Bone volume 
density/%

r = 0.308 * r =-0.082 *

p = 0.091 [NS] p= 0.662 [NS]

Bone surface 
fraction /mm-1

r = -0.148 * r = -0.0446 *

p = 0.426 [NS] p = 0.812 [NS]

Bone surface 
density /mm-1

r = -0.431 † r = -0.092 †

p = 0.015 [S] p = 0.625 [NS]

Trabecular 
thickness /mm

r = 0.520 † r = 0.200 †

p = 0.002 [S] p = 0.280 [NS]

Trabecular 
number /mm-1

r = -0.148 * r = -0.045 *

p = 0.426 [NS] p = 0.811 [NS]

Trabecular 
separation /mm

r = -0.124 † r = 0.192 †

p = 0.504 [NS] p = 0.300 [NS]

*: Spearman r. †: Pearson r. S: significant. NS: non-significant.

The mean (SD) and median of the primary stability were 
79.06 (4.494) and 79.00 ISQ, respectively, while for the secon-
dary stability were 72.87 (6.318) and 73.00 ISQ, respectively. 
All dental implants were successfully osseointegrated after 
16 weeks postoperatively.

There was a significant positive correlation between the 
primary stability ISQ values and the trabecular thickness, and 
a significant negative correlation with the bone surface den-
sity, indicating that increased trabecular thickness resulted 
in higher primary stability values while increased bone surfa-
ce density resulted in lower primary stability values. For the 
secondary stability ISQ values, no significant correlation was 
recorded with any of the histomorphometric parameters. The 
correlation of histomorphometric parameters with implant 
stability is summarized in Table III.
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On the other hand, in another study23 that analyzed 
46 alveolar bone biopsies harvested from different sites of 
the maxilla and the mandible of 32 partially edentulous 
volunteers utilizing micro-CT, poor or no correlation was 
present between primary stability ISQ values and 3D bone 
microarchitecture.

Of the alveolar bone microarchitecture parameters, Tra-
becular thickness is an important predictor for improved 
primary stability and successful osseointegration of dental 
implants, it correlates positively with bone density measured 
by CBCT suggesting that it is a reliable tool to assess the bone 
quality indirectly since direct evaluation requires using his-
tomorphometry or micro-CT which is currently regarded to 
be the gold standard modality for quantitative and objective 
assessment of bone microarchitecture parameters28. 

In this study, bone surface density showed a significant 
negative correlation with the primary stability ISQ values, 
this is in keeping with other studies that demonstrated an 
increase in implant stability when bone surface density 
decreased as the bone had thick trabeculae or a plate-like 
trabecular pattern10,26. 

Bone volume density, bone surface fraction, trabecular 
number, and trabecular separation presented no significant 
correlations with the primary stability ISQ values which 
concurs with previous studies23,29. 

In this study, no significant correlation between any of 
the bone histomorphometric parameters and the secondary 
stability ISQ values was recorded. This is in line with a pre-
vious study23 that reported no correlation between micro-
CT 3D bone microstructure parameters and uncovering ISQ 
values (secondary stability). Secondary stability is a biological 
phenomenon that is not related to the structural characteris-
tics of bone which are more associated with the mechanical 
primary stability30, may explain the lack of correlation bet-
ween the histomorphometric parameters and the secondary 
stability.

One of the main limitations encountered in this study 
is related to the distortion of some of the bone samples har-
vested whether during procurement or processing which 
further reduced the sample size adding to the difficulty in 
obtaining relevant generalizations. 

CONCLUSIONS

Within the limitations of this study, it can be concluded 
that the histomorphometric parameters that correlated posi-
tively with the bone density measured by CBCT were the bone 
volume density and trabecular thickness, while bone surfa-
ce density and trabecular separation demonstrated negative 
correlations. The primary stability of dental implants corre-
lated positively with the trabecular thickness and negatively 
with bone surface density. 
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