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Abstract 
This study was undertaken to assess and compare bone mineral density in 
nondiabetic and controlled diabetic subjects using cone beam computed to-
mography. A group of 60 completely edentulous patients, comprising of 30 
nondiabetic and 30 controlled type 2 diabetics between the age group of 45 - 
75 years, were enrolled in the study. Glycemic control of the diabetics was as-
sessed using glycosylated hemoglobin test and level between 6.1% - 8% was 
considered controlled. A radiographic stent was fabricated for each patient by 
using chemically cured transparent acrylic resin. Bone densities at trabecular, 
buccal and lingual cortical regions of maxillary and mandibular ridges were 
measured by a cone beam tomography machine in Hounsfield units. The data 
thus obtained at 10 prospective oral implant sites of maxillary and mandibu-
lar ridges were tabulated and analyzed using STATA, version 14.0 statistical 
software. This study results showed no significant changes in the bone miner-
al density between the nondiabetic and controlled diabetic subjects. Within 
the limitations of this study, it can be concluded that bone mineral density 
does not seem to be affected in controlled type 2 diabetic patients. 
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1. Introduction 

Osseointegrated endosseous oral implants provide a predictable, effective and 
reliable means for replacement of missing natural dentition in partially and 
completely edentulous patients. Advancement in biomaterials, implant 
science, nanotechnology, improved biotechnology, surgical technique, and an 
understanding of bone implant interface has resulted in improved outcomes 
and an expanded utilization of oral implants. However, outcomes can also be 
adversely influenced by factors like inadequate bone quantity and quality, un-
derlying systemic diseases and metabolic disorders [1]. In 2015, the Interna-
tional Diabetes Federation (IDF) estimated 415 million adults with diabetes 
worldwide, and the number will increase to 642 million by 2040. In type 2 di-
abetes mellitus (T2DM) there is progressive loss of adequate beta cell insulin 
secretion, frequently on background of insulin resistance while in type 1 di-
abetes mellitus (T1DM) there is autoimmune beta cell destruction, usually 
leading to absolute insulin deficiency, including latent autoimmune diabetes in 
adulthood [2]. Both types interfere in bone formation, impair healing, induce 
hyperglycemia and increased advanced glycation end products (AGE) forma-
tion, reactive oxygen species (ROS) generation and inflammation. These fac-
tors lead to the increased osteoclast population and reduced osteoblast count 
and bone formation [3]. However recently diabetes has also been shown to be 
associated with decreased bone mineral density (BMD), osteopenia or osteo-
porosis, and impaired bone regeneration potentials [4] [5]. As life expectancy 
continues to increase, an implantologist can expect an increased number of 
patients in need of oral implant in relative contraindicated metabolic disorders 
like, diabetes mellitus [1]. 

The quantification of BMD for such patients therefore, becomes imperative. 
Bone density is the amount of mineral matter per square centimeter of bone 
and witnesses several classifications and procedures for the determination of 
maxillary and mandibular jaw bone density [6]. Dual energy X-ray absorpti-
ometry (DEXA) is considered “gold standard” for measurement of BMD. In 
the study conducted by Lobna Metal, for assessment of mandibular BMD, us-
ing DEXA and cone beam computed tomography (CBCT) in type 2 diabetes 
mellitus patients; they concluded CBCT plays an important role in identifying 
patients with low BMD [7]. A comparative study of BMD in male and female 
of various age groups, conducted by Sawal A et al., shows non-significant as-
sociation between male and female genders in BMD evaluation [8]. Recently, 
CBCT has been routinely used as preoperative tool for implant treatment 
planning to evaluate both, volume and BMD from single scan [7] [9]. CBCT is 
considered superior because of its high definition, reduction of the exposure 
dose, low cost, and usability comparable with conventional medical computed 
tomography (CT) [10]. Hence, the purpose of this study was to assess the bone 
mineral density in controlled diabetic and nondiabetic edentulous patients us-
ing CBCT.  
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2. Materials and Method 
2.1. Sample Size Estimation 

Base on the results of study performed by Jolly et al. with the mean and standard 
deviation (SD) provided, sample size was calculated using Epi info, sample size 
calculation software using following parameters. 
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alpha error—5%, beta error—20%; 
m1 = mean maxillary lingual BMD in nondiabetic patients = 636.58; 
m2 = mean maxillary lingual BMD in controlled diabetic patients = 590.75. 
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1 2
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S1 = SD of mean = 43.41; 
S2 = SD of mean = 73.24.  
Sample size was calculated to be 28 per group. This was closely rounded to 30 

per group. 

2.2. Methodology 

A group of sixty completely edentulous patients, comprising of 30 nondiabetic 
and 30 controlled diabetic were included in study through convenience sampling 
based out of hospital records. The age of participant was in the range of 45 - 75 
years. All the subjects were informed about the study and written consent was 
obtained from each of them. The required permissions were obtained from in-
stitutional ethical committee before beginning with study. The subjects were 
enrolled on the basis of certain inclusion and exclusion criteria. The nondiabetic 
subjects without any systemic disease or endocrine or metabolic or skeletal bone 
disorders that might affect bone mineral density were included in the present 
study. Similarly, subjects with controlled diabetes having glycosylated hemoglo-
bin (HbA1c) levels within the range 6.1% - 8% and with history of T2DM in the 
past 3 years were included. Subjects with elevated post meal sugar level were ex-
cluded from the study. The routine investigations such as panoramic radio-
graphs, blood and urine analysis etc., were performed to rule out any in-
tra-alveolar pathologies, systemic, endocrine, metabolic, or skeletal bone disord-
ers. Diagnostic impression of both the edentulous arches was made with irre-
versible hydrocolloid impression material (Algitex, DPI) and (MAARC, Yellow 
stone plaster) was poured. Ten prospective implant sites corresponding to the 
location of central incisor, lateral incisor, canine, premolar, and molar were 
marked on either side of both the arches using a graphite pencil (0.5 mm 
APSARA Platinum). After this, gutta-percha (GP) cones (1 mm diameter × 1 
mm height) were fixed with cyanoacrylate adhesive at the corresponding 10 sites 
on the cast of each arch (Figure 1(a) & Figure 1(b)). On this, a radiographic 
stent was fabricated using chemically cured transparent resin (DPI). Occlusal 
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rims were prepared on these stents and adjusted for proper vertical and hori-
zontal intermaxilllary relation and were sealed in order to prevent movement of 
jaw during computed tomography scanning procedure (Figure 2). PLANMECA 
PROMAX 3D (Finland) CBCT machine with ROMEXIS software was used in 
this study. Patient position, radiation exposure parameter and all the other  

 

 
(a) 

 
(b) 

Figure 1. Gutta-percha cones fixed on (a) maxillary and (b) mandibular casts at ten 
prospective implants sites. 

 

 
Figure 2. Radiographic stent with occlusal rims adjusted for proper intermaxillary rela-
tion to prevent jaw movements during scanning procedure. 
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standard were maintained as per instruction manual and CBCT scans were ob-
tained from enrolled subjects wearing radiographic stents. Correct position of 
GP markers were checked in CBCT 3D frontal and lateral images of skull 
(Figure 3(a) & Figure 3(b)). The reformatted images of CBCT data result in 
three basic image types (axial, sagittal and coronal) with a computer-generated 
superimposed cure of the alveolar process and the associated reformatted alveo-
lar cross-sectional and panoramic images (Figure 4(a) & Figure 4(b)). Pano-
ramic images of both the jaws were made after which images from virtual im-
plant placement option at each prospective implant site were evaluated for BMD 
in Hounsfield Unit (HU). The BMD in the various sites i.e., trabecular and cor-
tical were assessed by locating a cursor at the different position on the image and 
were expressed in the HU. The BMD values were recorded on the slices in the 
trabecular and cortical regions of both the jaws, and the mean values were cal-
culated. The data thus obtained was tabulated and statistically analyzed using, 
two sample t test and paired t test in STATA, version 14.0 statistical software. 
The descriptive statistics was entered and expressed in terms of mean ± SD 
(standard deviations) of BMD in various prospective sites. 

 

 
(a) 

 
(b) 

Figure 3. Correct position of gutta-percha markers checked in CBCT, 3D (a) frontal and 
(b) lateral images of skull. 
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(a) 

 
(b) 

Figure 4. Computer generated super-imposed curve in (a) maxillary and (b) mandibular 
images of skull. 

3. Result 

Collected data was entered into Microsoft Excel spreadsheet. Tables and charts 
were generated using Microsoft Word and Microsoft Excel software. Continuous 
variables were presented as Mean ± SD and also 95% confidence interval. On 
analyzing the results in (Table 1), Mean trabecular BMD in maxilla of nondia-
betic was 247.7496 ± 114.1547 HU, whereas in controlled diabetics it was 
230.8417 ± 83.97667 HU. Diabetics showed slightly less BMD when compared to 
nondiabetics and similarly, mean trabecular BMD in mandible of nondiabetics 
was 421.7454 ± 178.8523 HU, whereas in controlled diabetics it was 380.2802 ± 
159.0474 HU. 

Statistical Analysis 

Mean BMD among trabecular, buccal, lingual of maxilla and mandible in 
non-diabetic and controlled diabetic patients were compared by performing 
one-way ANOVA (Table 2). Post hoc comparison was made by performing  
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Table 1. Comparison of bone mineral density at trabecular, buccal cortical and lingual cortical regions of 
maxilla and mandible in nondiabetic and controlled diabetic subjects in Hounsfield unit (HU). 

Region Group Class Mean 
Std. 

Deviation 
Degree of 
freedom 

95% confidence  
interval 

Unpaired 
t test 

Trabe 
-cular 

Maxilla 
Nondiabetic 247.74 114.15 58 

 

205.12 - 290.38 p = 0.5160 
NS Controlled diabetic 230.84 83.97 199.48 - 262.20 

Mandible 
Nondiabetic 421.74 178.85 58 

 

354.96 - 488.53 p = 0.3466 
NS Controlled diabetic 380.28 159.04 320.89 - 439.67 

Buccal 
cortical 

Maxilla 
Nondiabetic 462.31 133.53 58 

 

412.45 - 512.18 p = 0.9490 
NS Controlled diabetic 460.33 103.03 421.86 - 498.81 

Mandible 
Nondiabetic 1056.85 174.46 58 

 

991.71 - 1122 p = 0.6252 
NS Controlled diabetic 1077.63 152.54 1020.7 - 1134.6 

Lingual 
cortical 

Maxilla 
Nondiabetic 374.55 96.07 58 

 

338.68 - 410.43 p = 0.4637 
NS Controlled diabetic 392.55 92.93 357.85 - 427.25 

Mandible 
Nondiabetic 870.25 142.26 58 

 

817.13 - 923.38 p = 0.6667 
NS Controlled diabetic 885.04 121.54 839.66 - 930.43 

NS (Non-Significant). 
 

Table 2. One-way ANOVA comparison of mean bone mineral density amongst, trabecular, buccal cor-
tical and lingual cortical regions of maxilla and mandible in nondiabetic and controlled diabetic subjects 
in Hounsfield Units (HU). 

Class Group Region Mean 
Standard 
Deviation 

95% confidence 
interval 

Oneway ANOVA 
test 

Non diabetic 

Maxilla 

Trabecular 247.74 114.15 119.28 - 479.24 
F = 26.12, 

p < 0.0001, HS 
Buccal cortical 462.31 133.53 280.82 - 707.21 

Lingual cortical 374.55 96.07 247.25 - 545.97 

Mandible 

Trabecular 421.74 178.85 156.20 - 754.91 
F = 116.01, 

p < 0.0001, HS 
Buccal cortical 1056.85 174.46 831.85 - 1272.79 

Lingual cortical 870.25 142.26 635.33 - 1156.96 

Controlled 
diabetic 

Maxilla 

Trabecular 230.84 83.97 107.99 - 393.77 
F = 47.57, 

p < 0.0001, HS 
Buccal cortical 460.33 103.03 286.62 - 600.99 

Lingual cortical 392.55 92.93 208.67 - 549.49 

Mandible 

Trabecular 380.28 159.04 194.08 - 793.53 
F = 184.29, 

p < 0.0001, HS 
Buccal cortical 1077.63 152.54 882.73 - 1337.92 

Lingual cortical 885.04 121.54 692.44 - 1024.69 

HS (Highly significant). 
 

Bonferroni t-test as multiple comparison test (Table 3). Mean BMD at different 
region was compared between nondiabetic and controlled diabetic by perform-
ing independent t-test for maxilla and mandible and also between maxilla and 
mandible in non-diabetic and controlled diabetic group. p < 0.05 was considered  
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Table 3. Multiple comparison of bone mineral density by Bonferroni t-test amongst, tra-
becular, buccal cortical and lingual cortical regions of maxilla and mandible in nondia-
betic and controlled diabetic subjects in Hounsfield Units (HU). 

Class Group Regions Mean difference p-value 

Non 
diabetic 

Maxilla 

Trabecular - Buccal cortical 214.56 p < 0.0001, HS 

Trabecular - Lingual cortical 126.80 p < 0.0001, HS 

Buccal cortical - Lingual cortical −87.76 p = 0.013, S 

Mandible 

Trabecular - Buccal cortical 635.11 p < 0.0001, HS 

Trabecular - Lingual cortical 448.59 p < 0.0001, HS 

Buccal cortical - Lingual cortical −186.59 p < 0.0001, HS 

Controlled 
diabetic 

Maxilla 

Trabecular - Buccal cortical 229.49 p < 0.0001, HS 

Trabecular - Lingual cortical 161.71 p < 0.0001, HS 

Buccal cortical - Lingual cortical −67.78 p = 0.019, S 

Mandible 

Trabecular - Buccal cortical 697.35 p < 0.0001, HS 

Trabecular - Lingual cortical 504.76 p < 0.0001, HS 

Buccal cortical - Lingual cortical −192.59 p < 0.0001, HS 

HS (Highly significant), S (Significant). 
 

as statistical significance. Statistical software STATA, version 14.0 was used for 
data analysis. 

Diabetics showed slightly less BMD when compared to nondiabetic in trabe-
cular bone and the variation between these two groups in maxilla and mandible 
were both found to be statistically nonsignificant (p = 0.5160 & p = 0.3466, re-
spectively). The buccal cortical BMD in maxilla (Figure 5) of nondiabetics was 
462.317 ± 133.5356 HU and controlled diabetic was 460.3386 ± 103.0346 HU. 
The disparity in the mean values of both the groups was statistically nonsignifi-
cant (p = 0.9490). In mandible (Figure 6), mean buccal cortical BMD of non-
diabetic was 1056.856 ± 174.4616 HU and of controlled diabetics was 1077.638 ± 
152.5496 HU. Variation in both groups was statistically nonsignificant (p = 
0.6252). 

Mean lingual cortical BMD in maxilla and mandible was 374.5526 ± 96.07128 
HU and 870.2572 ± 142.2657 HU, respectively among nondiabetic, while it was 
392.5535 ± 92.93128 HU and 885.0468 ± 121.547 HU, respectively among con-
trolled diabetic. Both the groups did not show any statistically significant differ-
ence in maxilla (p = 0.4637) and mandible (p = 0.6667) respectively. When we 
compare BMD amongst, trabecular, buccal cortical and lingual cortical region of 
maxilla and mandible in nondiabetic and controlled diabetic using one-way 
ANOVA, results are highly significant p < 0.0001. Results show BMD varies in 
trabecular, buccal cortical and lingual cortical region at prospective implant site. 
Multiple comparison by Bonferroni t-test amongst, trabecular, buccal cortical 
and lingual cortical region of maxilla and mandible in nondiabetic and con-
trolled diabetic, results are highly significant p < 0.0001, in trabecular-buccal  
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Figure 5. Graphical comparison of mineral bone density of trabecular, buccal and lingual cortical 
plate of maxilla in nondiabetic and controlled diabetic subjects. 

 

 
Figure 6. Graphical comparison of mineral bone density of trabecular, buccal and lingual cortical 
plate of mandible in nondiabetic and controlled diabetic subjects. 

 
cortical, trabecular-lingual cortical, buccal cortical-lingual cortical, except for 
buccal cortical-lingual cortical in maxilla in nondiabetic and controlled diabetic 
where the results are significant, with p = 0.013 and p = 0.019 respectively. These 
results are suggestive in prescribing bucco-lingual position of implant placement 
as per prosthetic needs. 

4. Discussion 

The success rate of implant therapy is highly influenced by both, the quantity 

https://doi.org/10.4236/ojst.2021.1110037


S. M. Patil et al. 
 

 

DOI: 10.4236/ojst.2021.1110037 431 Open Journal of Stomatology 
 

(volume) and quality (density) of available bone at the prospective site of im-
plant placement [11]. After implant placement, the initial BMD at the recipient 
site provides mechanical stability during healing phase. It, also allows distribu-
tion and transmission of stresses from the prosthesis at the implant bone inter-
face [6] [12] [13] [14] [15]. BMD at prospective implant site is a determining 
factor in treatment planning, implant design, surgical approach, healing time 
and initial progressive bone loading during prosthetic construction [16] [17]. 
BMD varies from site to site and from individual to individual. A 10% higher 
success rate of implants stability has been documented in mandible when com-
pared with maxilla by Adell R et al. [18]. Enguist B et al. reported lower quality 
of bone in the maxilla when compared with mandible in a retrospective multi-
center study of osseointegrated implants supporting overdentures [19]. Implant 
failures have been reported more in completely edentulous maxilla, in which jaw 
bone exhibits soft quality and sever resorption [20]. Tolstunov L, noted a signif-
icant correlation of the reduced implant survival, with bone quality and deficient 
vascularization at recipient sites. These findings necessitate presurgical assess-
ment of the prospective implant site more accurately prior to implant placement 
[21]. Metabolic bone disease among the elderly will encounter the age-related 
disorder characterized by changes in bone quality, quantity and architectural 
configuration. India leads the world with the largest number of diabetic subjects 
[22]. Age related bone loss affects the jaw bones in the same manner as the other 
part of the skeleton that serve as diagnostic markers of the disease [23] [24]. In 
view of these documentations, this study was undertaken to assess and compare 
the BMD at the prospective implant sites of edentulous maxilla and mandible 
using CBCT in controlled diabetic and nondiabetic patients. 

When compared BMD at trabecular, buccal cortical and lingual cortical bone 
of maxilla and mandible at prospective implant site, results did not show any 
statistically significant difference among nondiabetic and type 2 controlled di-
abetic patients (Table 1). Diabetes is characterized by hyperglycemia resulting 
from defects either in insulin secretion as in type 1 or in insulin action and se-
cretion as in type 2 [2]. Glycosylated hemoglobin (HbA1c) level, which is consi-
dered as an indicator of glucose level over a three-month period, is used to assess 
the glycemic control in an individual. HbA1c level up to 4 - 6 determines the 
healthy and nondiabetic status, up to 6.1 - 8 determines controlled and above 8 
reveals poorly controlled diabetic status. Therefore, a controlled HbA1c level 
may be considered as a determining factor for implant success rate [2] [25] [26]. 
Compare with medical CT, CBCT can be alternative method to measure BMD 
distribution based on X-ray attenuation coefficient of the mineral in bone tissue. 
It is very powerful non-destructive tool that allows for longitudinal diagnosis of 
patient’s bone disease. Mineral density distribution of bone tissue reflects the 
result of biological activity, which is altered due to bone complications and in a 
disease like diabetes [7] [10] [27]. There is different pathogenesis in type 1 and 
type 2 diabetes, therefore it shows different effects on the bone, although com-
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plications like chronic hyperglycemia, hypercalciuria and negative effect of ac-
cumulated glycated end products are common in both the patients. However, 
the differences are in insulin concentration and insulin like-growth factors (IGF) 
concentration between type 1 and type 2 diabetes. This suggests increase in he-
patic IGF-1 production and its increased bioavailability, may play a significant 
role for maintenance of bone health in type 2 diabetes [28]. This may be the 
contributing factors for non significant results of this study in two comparison 
groups. 

Clinically, bone density influences the amount of trabecular, buccal and lin-
gual bone in contact with the implant surface, not only at first stage of implant 
surgery, but also at the second stage and during prosthetic loading. As the bone 
density decreases, the strength of the bone also decreases. To reduce the inci-
dence of microfracture in bone, stress and strain introduced to the implant 
should be reduced by selecting proper bucco-lingual position for placement of 
implant. This can also be achieved by reducing biomechanical loads on implant 
by scientific prosthetic design, for e.g. the cantilever length may be shortened or 
eliminated, narrow occlusal table designing and by minimizing off set loads. Soft 
tissue on residual ridges is also allowed to share the occlusal force and reduce the 
amount of stress on the implant as in removable prosthesis (RP) 4 and RP5 de-
signs [29] [30]. A load directed along the long axis of the implant body decreases 
the amount of stress in the crestal bone at buccal and lingual cortical region 
compared to an angled load. As the bone density decreases, the angle of the load 
on the implant body should be directed more axial. Selecting a wider diameter 
implant in low bone density regions also decreases stress by increasing surface 
area of bone-implant interface [31]. When we compared, BMD at trabecular, 
buccal and lingual cortical bone of maxilla and mandible at prospective implant 
sites, in maxilla and mandible (Table 2, Table 3) results show statistically sig-
nificant difference in both nondiabetic and controlled diabetic patients. Low 
BMD at trabcular region of maxilla in this study could be due to the fact that the 
maxilla is a stable bone, anchored to the rest of the skull, and receives load 
mainly from occlusal contacts carried to the alveolar and basal bone by the teeth 
roots. While the high value of BMD in mandible could be due to its movements, 
occlusal contacts and muscle actions performance, which results in proper strain 
conditions in its structure and thus are denser. Maxilla meanwhile, can deal with 
changes in dynamic and static load by virtue of the flexibility of its own bone 
architecture. Cancellous bone is prevalent in the maxilla because the higher de-
gree of vascularization allows faster adaptation of the bone substratum, which 
consists of well organized and well-connected trabeculae that follows the force 
trajectories departing from the alveoli as stated by Sanfilippo et al. [32]. Buccal 
cortical plate of maxilla showed higher BMD than its palatal counterpart. These 
findings were I agree with the findings of AL-Attas MA et al. [33]. Similar find-
ings were seen in mandibular bone where buccal cortical region showed higher 
BMD than lingual cortical region. This could be attributed to the fact that the 
muscular attachment to the bone surface by their tendon generates functional 
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tensions that will strengthen bone. The muscles on the buccal side of the mandi-
ble, distal from the mental foramen, mostly provide biting force. Most muscles 
that are attached on the lingual side of the mandible do not produce force, but 
are related to more complicated movements of the tongue and mandible. The 
lower BMD on the lingual side may be due to weaker muscle function or due to 
imbalance resorption on the periosteal and, apposition of bone on the endosteal 
side of cortex [33] [34] [35]. 

Results of this study show BMD of jaw bones are not affected in patients with 
T2 DM, having normal glycemic levels without other relevant risk factors. Study 
also shows mandible has more BMD values in comparison to maxilla in trabe-
cular, buccal and lingual cortical regions. Buccal cortical region was denser when 
compared with its lingual counterpart in both maxilla and mandible in both the 
groups. 

5. Conclusions 

The following conclusions were drawn from the ongoing study: 
1) Pre-operative evaluation of BMD is essential to assist the clinician with the 

treatment planning of intra-oral endosseous implant therapy. 
2) CBCT provides both, quantitative and qualitative information of trabecular, 

buccal and lingual cortical bone separately, thus aiding in proper patient selec-
tion and facilitating proper assessment of potential recipient sites for implant 
placement. 

3) BDM does not get affected in controlled T2DM patients. 
4) Further studies are necessary for T1DM patients and poorly controlled 

T2DM patients. 
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