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Abstract 
 

Objective: Bone implants are now widely used to replace missing teeth. Bone grafting 

(sinus lift) is a very useful way to increase the bone volume of the maxilla in patients 

with bone atrophy. There is a 6-9 mo. delay for the receiver grafted site to heal before 

the implants can be placed. Computed tomography is a useful method to measure the 

amount of remaining bone before implantation and to evaluate the quality of the 

receiver bone at the end of the healing period. Texture analysis is a non-invasive 

method useful to characterize bone microarchitecture on X-ray images.  

Patients and methods: Ten patients in which a sinus lift surgery was necessary before 

implantation were analyzed in the present study. All had a bone reconstruction with a 

combination of a biomaterial (β-TCP) and autograft bone harvested at the chin. 

Computed tomographic images were obtained before grafting (t0), at mid-interval (t1: 

4.2 ± 0.7 mo.) and before implant placement (t2: 9.2 ± 0.6 mo.). Texture analysis was 

done with the run-length method.  

Results: A significant increase of texture parameters at t1 reflected a gain of 

homogeneity due to the graft and the beginning of bone remodeling. At t2, some 

parameters remained high and corresponded to the persistence of bone trabeculae while 

the resorption of biomaterials was identified by other parameters which tended to return 

to pre-graft values.  

Conclusion: Texture analysis identified changes during the healing of the receiver site. 

Clinical relevance: The method is known to correlate with microarchitectural changes 

in bone and could be a useful approach to characterized osseointegrated grafts. 
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Introduction 
 

Correction of teeth loss in the posterior areas of the jawbones can be obtained by a 

removable prosthesis. Nevertheless, for several decades the rehabilitation by implants 

and prostheses has allowed to rebuild a fixed dental arch to avoid the discomfort of 

removable dentures. However, initial stabilization of implants is difficult to achieve in 

the posterior maxillary regions where cortical bone is thin and immediately under the 

sinus [1]. Posterior loss of teeth at the maxilla is often associated with a very thin bone 

floor due to a pneumatization of the sinus, a post-extraction bone atrophy of alveolar 

ridges or a parodontal bone resorption [2, 3]. Some authors have suggested not 

intervening directly at the sinusal level by using either implants posed at distance 

(pterygo-jawbone or zygomatic) [4], with short implants or lateral insertion [5]. These 

indications remain limited and seldom used. 

 

When the floor of the maxillary sinus above the alveolar ridge is thinner than 8 - 10 mm 

it is difficult to obtain an effective and durable implant anchorage. In this case, it is 

recommended to increase the bone volume of the sinus [6, 7]. The majority of surgical 

teams has recourse to sinus augmentation (or sinus lift) by filling with a variable 

volume of material [8]. A lateral osteotomy on the external face of the maxillary sinus 

is done (usually 10 mm in length and 8 mm in height) with a diamond drill under 

irrigation. The mucous membrane lining the sinus (Schneiderian membrane) on the 

other side of the window is gently pushed up and away from the bone to avoid 

perforation. Granules of bone-graft material are then inserted and packed into the space 

where the sinus was, under the membrane. The amount of material to graft may vary, 

but usually several millimeters of bone are added above the jaw to reconstitute a 

suitable bone volume that can support the installation of implants. If the residual height 

of bone of the sinus floor is higher than 5 mm one can consider the simultaneous 

installation of implants at the time of the graft because a primary anchoring of the 

implant is obtained. If the height is lower than 5 mm, the surgeon will proceed in two 

times by the installation of the implants once the graft has healed. 

 

Computed tomography (CT) is a useful clinical method to measure the amount of 

remaining bone before implantation and also to evaluate the size of the grafted area in a 

few months after implantation and the quality of the receiver bone at the end of the 

healing period [9]. Texture analysis of X-ray images is a non-invasive method that is 

useful to characterize bone microarchitecture on images coming from different X-ray 

devices [10, 11]. The aim of this study was to analyze, by texture analysis, the grafted 

area on repetitive CT scans of patients having had a sinus lift elevation with a mixture 

of beta tricalcium phosphate (β-TCP) and autograft. This was done in search of 

objective measurements  before implant placement. 

 

Patients and methods 
 

Patients and surgical protocol 

 

This study is consistent with the ethical principles enunciated from the Declaration of 

Helsinki. Ten patients who presented a partial edentulation at the maxilla and who were 
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candidate for implant placement after a bone graft were enrolled in the study. The 

following general exclusion criteria were applied: diabetes, active malignancy, previous 

long term treatment with bisphosphonate. Each has given her/his informed consent to 

participate in the present study. The protocol was approved by the French Collège of 

Implantology (CFI-Paris #2011-1). The surgical protocol aimed at increasing the 

thickness of the sinus floor by using a combination of autograft (usually 20-30% 

Volume/Volume) and β-TCP granules (70-80%). The thickness of the sinus floor was 

appreciated on CT scans (General Electric™ Highspeed
®

 and Lightspeed
®
 Advantage 

models, with 100 mA, 100kV, 0.6 mm helical acquisitions, voxel side 250µm, 

reformations through 5
th

 to 9
th

 versions of Simplant
®
CT/Master

®
 softwares) before 

sinus lift elevation before surgery (t0). A second CT scan was performed at mid-course, 

at 4.2 ± 0.7 months post grafting (t1). A third control CT scan was performed before the 

placement of dental implants of standard diameter around 9.2 ± 0.6 months (t2). The 

ANARA principle (As Low As Reasonably Achievable) was considered before starting 

the study [12]. The dose delivered by the CTscan is in the order of 530-2100 µSv. The 

common natural irradiation is about 2.5 mSv/y  and the maximal radiation admissible is 

50 mSv/y.  

All patients were grafted by the same surgeon (BG) who used the same protocol. The 

bone graft was harvested in first at the chin as previously reported  [13]. Briefly, 

samples of cortico-trabecular bone were removed at the mandible symphysis. The limits 

of the harvesting graft areas were done with a thin bur and the graft was separated with 

a chisel by a progressive cleavage. Chips of cortico-trabecular bone were obtained and 

mixed with the patient's blood together with β-TCP granules (Kasios™, Launaguet, 

France) to obtain a kind of paste that could be handled more easily. 

The grafted area was prepared as follows: the mucoperiosteal flap was removed after a 

lateral osteotomy on the external face of the maxillary sinus (usually the opening is 

10mm in length and 8mm in height). The Schnederian membrane was gently pushed 

through the window, away from the bone to avoid perforation. The mixture containing 

autograft particles, β-TCP and blood was inserted into the void space, under the 

membrane. The amount of material used depended on the patient but usually, several 

millimeters of the grafting “paste” were added to reconstitute a suitable volume that 

will support the placement of implants after healing. The full thickness flap was then 

closed to the primary incisions, and sutured with 5/0 vicryl.  

 

Texture analysis 

 

From each stack of CT images in the .tif format, at least 6 images (comprising the 

whole grafted area) were selected when the cross-sectional reconstruction slice was 

perpendicular to the cortical plate of one side of the maxilla. Texture analysis was 

performed using Mazda, software specially designed for texture analysis of magnetic 

resonance images by Materka and coworkers (Politechnika Institute of Electronics, 

Lodz, Poland). A region of interest (ROI) was interactively drawn on the grafted area 

and served as a mask for the texture analysis study. The run-length distribution method 

was selected. Briefly, on a grey level image, pixels range from 0 (black) to 255 (White). 

The consecutive pixels of the same grey value in a given direction constitute a run [14, 

15]. The run length parameters have been extensively described elsewhere and 

comprise [14, 15]: 
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 RLNRun Length Non-uniformity measures the similarities of the length of the 

runs throughout the image. The RLN is expected small if the run lengths are 

alike throughout the image. 

 GLN - Grey Level Non-uniformity measures the similarity of grey level values 

throughout the image. The GLN is expected small if the grey level values are 

alike throughout the image. 

 SRE - Short Run Emphasis is highly dependent on the occurrence of short runs 

and is expected large for fine textures. 

 LRE - Long Run Emphasis is highly dependent on the occurrence of long runs 

and is expected large for coarse structural textures. 

For a detailed description of these parameters, see [16]. The software computes the 

parameters in the horizontal and vertical directions and the mean of all images was 

considered for analysis. Because the grafted zone has an isotropic distribution of bone 

trabeculae and grafted particles, the average of each parameter measured in the both 

direction was considered. The data were standardized so that the initial value at t0 

equals 0 for all patients. The values of t1 and t2 are expressed as % of change in 

comparison to t0. 

 

Statistical analysis 

Statistical analysis was done using the Systat statistical software, release 13 (Systat, San 

José, CA). All results are expressed as mean ± standard error of the mean (SEM). The 

Kruskall-Wallis non parametric analysis of variance was used to compare the 

differences between the groups. Comparison between groups was obtained by the 

Dwass-Steel-Chritchlow-Fligner post-hoc test. Differences were considered significant 

at p <0.05. 

Results 
 

The mean age of the patients was 65.5 ± 9.9 years. They were analyzed by the same 

radiologist (NB) with the same CT and the same softwares. The mean age of patients 

and times for t1 and t2 post-surgery appear on table 1. t1 was performed at 4.2 ± 0.7 

mo. and t2 at 9.2 ± 0.6 mo. post-surgery. 

 

Patient# Gender Age at t0 t1 (in mo.) t2 (in mo.) 

1 M 64 2 6 

2 F 58 3 8 

3 F 73 5 9 

4 F 61 5.5 10.5 

5 F 73 6 11 

6 F 63 5 11 

7 F 46 3 8 

8 F 80 2 7.5 

9 F 62 8 12.5 

10 F 75 2 9 

Table 1: Characteristics of patients enrolled in the present study. 
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All patients were clinically evaluated at t2 and were implanted shortly after their third 

CT scan examination. Sequences of typical images of this series appear on Fig. 1 which 

depicts the aspects of the grafted site containing both allograft fragments and β-TCP 

granules which appear more radio opaque than cancellous bone. A marked increase in 

radiodensity is noticeable at t1 when the grafted materials have induced the 

proliferation of new trabeculae. At t2, the amount of grafted material seems to have 

considerably decreased on CT scans and the texture of the grafted area resembles that of 

cancellous bone although some remnants of allogeneic bone or biomaterial can still be 

evidenced. At the time of implant placement, some remnants of -TCP could be 

observed macroscopically.At the time of implant placement, some remnants of -TCP 

could be observed macroscopically. 

 

 
Figure 1 : Time sequence series of the grafted area in a patient having received a graft 

composed of -TCP and allogenic bone.Note the densification of the area at t1 
and the reduction of radio-opacity at t2 when the texture appears less coarse. 

 

 

Texture analysis quantified the variations in the structure of the grafted area. At t1, 

RLN was considerably increased in all patients (p <0.0001 vs t0) ; this corresponded  

both to the presence of the two types of biomaterials grafted but also to the 

development of new trabeculae between the grafted particles. GLN was also 

significantly increased in all patients (p <0.0001 vs t0), corresponding to the presence of 

the more radio-opaque materials (-TCP and bone chips). SRE increased  non 

significantly at t1 and LRE was significantly increased  (p <0.006 vs t0) due the the 

presence of biomaterial remnants. At t2, RLN remained high in the majority of the 

patients; this corresponded to the development of more and more bone trabeculae which 

can be evidenced on some CT sections (Fig. 2). On the other hand, GLN had a marked 

tendency to decrease, a finding that could be explained by the reduction in size of the 

more radio-opaque particles of -TCP and cortical bone chips but the difference with t1 

did not reach significance. SRE continued to increase due to the presence of numerous 

thin new trabeculae. RLE returned to the t0 values, indicating the restauration of a 
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cancellous microarchitecture similar to the ungrafted bone at t0 with the disappearance 

of the long runs due to the material particles. 

 

 
 
Figure 2 : Time evolution of run-length parameters in the patients. All results are expressed as 

percentage of change versus t0; *: significant from value at t0. 

 

Discussion 
 

The nature of filling material used in sinus augmentation has evolved during the last 

decades: initially, autograft was the only possibility. The bone is usually harvested from 

the parietal bone [17, 18], ilium, tibia [19] or the chin [13, 20]. The cortical bone of the 

graft is used to separate the upper part of the new sinus cavity. The lower part is usually 

filled by trabecular bone. The morbidity of  autograft bone harvesting is now well 

recognized, the wish to limit the volume of harvested bone, the need for filling greater 

volumes has led many teams to evaluate other materials such as allogeneic [21], 

xenogeneic bone [22, 23] or synthetic biomaterials (hydroxyapatite, calcium 

phosphates, bio glass) [24]. For some authors, filling can be done with a single 
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biomaterial; for others it is preferable to use a mixture of autograft and biomaterial 

(primarily harvested from the chin because of the surgical facility);   no consensus 

exists at that time [25]. In this case, the volume of the bone autograft which has to be 

harvested remains moderate, about 1 to 1.5 cm
3
. The respective proportion of the 

autograft mixture/biomaterial is currently not the subject of any consensus. The use of 

autogenic bone is most often recommended because it is commonly thought that bone 

cells of the graft can survive the transplant and favor osseointegration of the graft [13, 

26]. Variations in the amount of allograft material and especially the amount of cortical 

bone chips may vary. Ideally, it would have been interesting to compare the texture 

analysis just after the bone graft, since t1 represents an intermediary step when 

resorption of the biomaterials and occurrence of new trabeculae has started. The 

remodeling of the grafted bone and biomaterials necessitates at least a 6 month period 

before placing the implants. However, as previously shown, the β-TCP material has not 

completely disappeared in all patients even after 6-9 months post-surgery and remnants 

can be found incorporated in bone trabeculae  [27, 28]. There is a noticeable delay 

necessary for the receiver grafted site to heal (about 6 months) before the implants can 

be placed. 

In this series, a variation in the texture parameters was observed at t0 that could reflect 

the various bone status of the patients at the beginning of the study. It is likely that 

variations in the amount of bone mass and bone microarchitecture are altered in this 

series of patients by local bone atrophy or osteoporosis. Texture analysis has been 

reported to be a powerful tool to appreciate bone microarchitecture in 2D on X-ray or 

CT images in osteoporotic patients  [11, 29-31]. The texture analysis parameters have 

been found to correlate well with bone histomorphometry and microCT parameters of 

bone microarchitecture [10, 11]. For this reason, in order to standardize the results, all 

parameters were set to 0 at t0 and variations at t1 and t2 were expressed as percentage 

changes. At t1, a marked increase in RLN and GLN was noted and reflects the 

replacement of both biomaterials  together with  colonization of the grafted area by the 

centripetal growth of new trabeculae  [27, 32-35]. Since it is not possible to obtain a 

CT-scan in the immediate post-surgery period , the importance of newly-formed bone 

(together with the fraction of biomaterial resorbed) cannot be exactly appreciated. On 

the other hand, at t2, RLN remained high, a finding that can be explained by the 

persistence of long runs due to new trabeculae. SRE became significantly increased at 

t2 due to the development of thin newly-formed bone trabeculae. GLN  tended to 

decrease with the resorption of the more radio-opaque materials , giving less coarse 

images. Taken together, these parameters indicated a tendency to a “return to a normal 

bone microarchitecture” with the disappearance of the grafted materials and the 

occurrence of newly formed bone. The amount of bone formed after β-TCP grafting has 

been shown to remain quite stable after 4.5-9 mo. and when the period is extended for 

more than 9 mo. [36]. In the present study, t1 was chosen because it was hypothesized 

that the association of autograft and β-TCP could accelerate bone healing and the 

texture analysis represented an objective and non-invasive method to quantify the bone 

changes. 
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Conclusion 
 

Texture analysis is a powerful tool in the examination of X-ray or CT images. In this 

series, it was used to characterize the evolution of the grafted zone during a sinus lift 

surgery using a combination of β-TCP granules and allogenic bone chips. After an 

increase  at t1, there was a progressive decrease of some parameters evaluating the 

regularity of the texture while some parameters, influenced by the development of new 

trabeculae, remained at high levels in the grafted area. The method can be proposed to 

quantify the evolution of the texture of the grafted site and to decide the time of implant 

placement when coarse structures have almost disappeared. Due to the recent 

development of the cone beam CT scan, this method could be a useful help to the 

surgeon to confirm the healing of the grafted site. Furthermore, the radiation dose 

received will be considerably reduced since the given values are in the range of 40-1070 

µSv [37]. 
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