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Abstract

In order to understand the mechanisms of poor osseointegration following dental implants in type 2 diabetics, it is important to 
study the biological properties of alveolar bone osteoblasts isolated from these patients. We collected alveolar bone chips under 
aseptic conditions and cultured them in vitro using the tissue explants adherent method. The biological properties of these cells 
were characterized using the following methods: alkaline phosphatase (ALP) chemical staining for cell viability, Alizarin red 
staining for osteogenic characteristics, MTT test for cell proliferation, enzyme dynamics for ALP contents, radio-immunoassay 
for bone gla protein (BGP) concentration, and ELISA for the concentration of type I collagen (COL-I) in the supernatant. Fur-
thermore, we detected the adhesion ability of two types of cells from titanium slices using non-specific immunofluorescence 
staining and cell count. The two cell forms showed no significant difference in morphology under the same culture conditions. 
However, the alveolar bone osteoblasts received from type 2 diabetic patients had slower growth, lower cell activity and calcium 
nodule formation than the normal ones. The concentration of ALP, BGP and COL-I was lower in the supernatant of alveolar 
bone osteoblasts received from type 2 diabetic patients than in that received from normal subjects (P < 0.05). The alveolar bone 
osteoblasts obtained from type 2 diabetic patients can be successfully cultured in vitro with the same morphology and biological 
characteristics as those from normal patients, but with slower growth and lower concentration of specific secretion and lower 
combining ability with titanium than normal ones.
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Branemark proposed the osseointegration theory and 
established the biological basis of modern oral implantol-
ogy in the early 1960s. With a growing number of clinical 
practices and basic research, oral implants have become 
an ideal means for repairing defects or lack of tooth column 
and maxillofacial organs (1). However, in clinical practice, 
many patients who need dental implants often have a range 
of systemic diseases, including cardiovascular disease, 
diabetes, metabolic bone disease, bleeding disorders, ad-
renal hyperfunction, Crohn’s disease, autoimmune disease, 
nervous system disease, or mental disorders (2). These 
conditions often lead to failure of the implant prosthesis 

and greatly limit further application and promotion of implant 
technology. Within these systemic diseases, diabetes has 
an especially prominent manifestation and dental clinicians 
have been plagued by the high failure rate and risks for 
oral implants (3-7). Diabetes is a general metabolic ab-
normality and harbors a genetic predisposition to chronic 
systemic disease. Its incidence has increased yearly, with it 
already becoming a pandemic. The International Diabetes 
Federation (IDF) estimated that global cases will increase 
from 2.2 to 3.8 hundred million in 2025 (8,9). Among these 
diagnosed cases, type 2 diabetics account for ~90-95% 
(10) of all new cases of diabetes. Type 2 diabetes mellitus 
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was previously defined as non-insulin-dependent diabetes 
mellitus and is characterized by variable degrees of insulin 
resistance in peripheral tissue, impaired insulin secretion, 
and increased glucose production (11). Previous studies 
have shown that the implant cannot form good osseous 
adhesion to the surrounding tissues (12-19), although the 
exact mechanism remains unclear. The influence of type 2 
diabetes mellitus on osseointegration has many complicated 
features. For example, damage to the healing ability of the 
bone, microvascular pathological changes in blood supply, 
decline in immune defenses, a decline in collagen fiber forma-
tion, and an increase in collagen enzyme activity (20). As a 
result, the differentiation of these osteoblasts is blocked and 
new bone formation is damaged. Based on previous studies 
using diabetic animals (19,21,22), our team attempted to 
elucidate the properties of osteoblasts of these type 2 diabetic 
patients, with the ultimate goal of improving the success rate 
for dental implants for type 2 diabetic patients.

Material and Methods

Alveolar bone collection
Samples of alveolar bone were collected from 2 patients 

who requested dental implants due to the lack of the left 
mandibular first molar. One patient was healthy and the 
other had an 8-year history of type 2 diabetes. The healthy 
and diabetic patients were males and were 47 and 48 years 
old, respectively. Blood tests indicated that blood glucose 
and glycosylated hemoglobin were 5.9 mM and 5.8% for 
the healthy patient and 11.7 mM and 10.8% for the diabetic 
patient, who had not controlled his blood glucose in the 
past. The diabetic patient was advised to lower his blood 
glucose level prior to having the dental implant. His blood 
glucose and glycosylated hemoglobin were 6.1 mM and 
6.2%, respectively, after 2 months of manipulation of both 
diet and medicine (oral intake of metformin). With the per-
mission of both the patients and the University Research 
Ethics Committee, bone chips were collected from both 
patients using aseptic techniques.

Reagents and instruments 
Dulbecco’s modified Eagle’s medium (DMEM) (contain-

ing low and high carbohydrate) was purchased from Gibco 
Company (USA). Ten percent fetal calf serum (FCS) was 
purchased from Hao Yang (China). Trypsin (0.25%) and 
MTT were supplied by Sigma (USA). Alizarin red was from  
USA Scientifics. The alkaline phosphatase staining and test 
kits were purchased from NanJing Jiancheng Technology 
Company Ltd. (China). The bone gla protein (BGP) radio-
immunoassay kit was supplied by BeiJing Puer Biological 
Technology Company Ltd. (China). The human collagen 
I (COL-I) kit was purchased from R&D Company (USA). 
Pure titanium slices 10 mm in diameter were supplied by 
the Northwest Institute for Nonferrous Metal Research of 
China (China).

Osteoblast culture
Collected bone chips were washed in triplicate with 

Hank’s buffer containing two antibiotics (100 U/mL penicillin 
and 100 µg/mL streptomycin). The bone chips were cen-
trifuged twice (5 min each), the supernatant was removed 
and the bone chips were placed on Petri dishes pre-coated 
with small amounts of FCS. The bone chips were moistur-
ized with low carbohydrate DMEM and incubated for 3 h 
in a 37°C, 5% CO2 incubator. The bone chips were then 
transferred to complete culture medium for 4 days using 
the same conditions. The culture medium was refreshed 
every 4 days, until the cells covered approximately 80% 
of the bottom of the Petri dishes. The cultured cells were 
re-plated to their fourth generation, which was used to 
identify biological specificity. The type 2 diabetic cells grew 
slower than those of the healthy patient and high sugar 
DMEM was therefore used for culture starting from the 
second generation. 

Alkaline phosphatase staining
Cultured cells from both the healthy and diabetic pa-

tients were washed twice with PBS and then fixed with 2 
mL 4% paraformaldehyde for 3 min. The cells were covered 
with freshly prepared alkaline phosphatase substrate and 
incubated for 15 min at 37°C in a dark, wet box. Cells were 
washed with PBS and stained with hematoxylin-eosin for 3 
min and examined under a light microscope. 

Alizarin red staining
The cultured cells were washed twice with PBS, then 

fixed with 95% ethanol for 10 min and washed with distilled 
water three times. Alizarin red (0.1%) in Tris-HCl, pH 8.3, 
was added to the cell culture and incubated for 30 min at 
37°C. Cells were flushed with distilled water, air dried, and 
examined under a light microscope. 

Cell growth curve
The cultured alveolar bone osteoblasts from both the 

type 2 diabetic patient (C1) and the healthy patient (C2) 
were transferred to 96-well plates and cultured further. The 
fourth generation of cells was collected and cell density 
was adjusted to 1 x 103/mL. Cells were then inoculated 
into multiple wells of the 96-well plates. At days 2, 4, 6, 8, 
and 10, 20 µL MTT was added to cultured cells for 4 h and 
a growth curve was determined using a standard enzyme 
analyzer at 490-nm wavelength. 

Alkaline phosphatase content 
Using the techniques described above, the C1 and C2 

cells were centrifuged at days 2, 4, 6, and 8. The super-
natants were collected and alkaline phosphatase content 
was measured using a colorimetric assay according to 
manufacturer instructions (alkaline phosphatase staining 
and test kit, NanJing Jiancheng Technology Company Ltd.). 
Absorbance was measured at 520 nm and was converted 
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to enzyme activity units.

BGP concentration in osteoblast supernatant fluid 
The BGP concentration was determined using the 125I 

BGP radio-immunity kit (BeiJing Puer Biological Technol-
ogy Company Ltd.) according to manufacturer instructions. 
The mixed liquid was left at room temperature for 20 min 
and then centrifuged at 3500 rpm for 25 min at 4°C. The 
supernatant was removed and the precipitation value for 
each tube was measured using a gamma counter. The cor-
responding sample concentration was obtained according 
to the standard curve.

Human COL-I concentration in osteoblast 
supernatant fluid 

COL-I concentration was determined using the human 
COL-I kit (R&D Company, USA) according to the manufac-
turer operation manual and absorbance was measured at 
450 nm. The corresponding concentration was calculated 
according to the standard curve. 

Nonspecific immunofluorescence staining and cell 
count

C1 and C2 cells were inoculated onto culture plates pre-

loaded with titanium slices. When the titanium slices were 
fully covered with cells, the culture medium was removed, 
and the cells were washed with PBS twice and then im-
mersed in the fluorescence dye acrydine orange (Sigma). 
Cells were examined using a fluorescence microscope. Cells 
were digested with trypsin and the cell concentration was 
adjusted to 1 x 103 cells/mL. Cells were inoculated onto 
6-well culture plates pre-loaded with titanium slices at the 
top, bottom, left, and right. The cell suspension was slowly 
added to the titanium slices, cultured in a 37°C, 5% CO2 
incubator until the titanium slices was covered with cells. 
The titanium slices were placed on Petri dishes, washed 
with PBS and digested with 0.25% trypsin and the cell 
number was counted.

Results

Osteoblast morphology and growth conditions 
In primary cells, osteoblasts from the healthy patient 

migrated out of the tissue mass by the 5th day in cul-
ture, whereas it took 9 days for the osteoblasts from the 
diabetic patient to migrate out (Figure 1a, Panel A). The 
morphology of cells from the two patients was similar. 
Cells first migrating from the tissue were long and slim. As 

Figure 1. Comparison of cell morphology (a) and mineralization (b) of osteoblast cells from a healthy patient and a type 2 
diabetic patient. a, Morphology of cells from the type 2 diabetic patient that migrated out of tissue chips (Panel A; magnifica-
tion: 200X). Cells from a healthy patient (Panel B; magnification 400X). Cells from a type 2 diabetic patient before passage 
in culture (Panel C; magnification: 200X). b, Cell mineralization showing high mineralization density of cells from a healthy 
patient (Panel A; magnification: 400X). Mineralization nodules formed from cells of the healthy patient (Panel B). Several 
mineralization nodules formed from cells of the type 2 diabetic patient (Panel C). Blue arrow indicates high mineralization 
density of cells. Red arrows indicate mineralization nodules.

a

b
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cell number increased and cells continued to grow, they 
became polygonal or triangular. The osteoblast cells were 
re-cultured when they covered 80% of the bottom of the 
plates (22 days for cells from the healthy patient and 32 
days for cells from the diabetic patient; Figure 1a, Panel 
B). Mineral nodules were observed in the newly cultured 
cells. Figure 1b shows the process of mineral nodule 
formation (blue outline) and well-formed mineral nodules 
(red outline). Cell growth time in low carbohydrate DMEM 
of the type 2 diabetic patient was significantly slower than 
that in high carbohydrate DMEM (Figure 2). No significant 
difference for cell growth was observed, however, in the 
healthy patient. 

Alkaline phosphatase staining
The majority of cells from the healthy patient showed 

positive alkaline phosphatase (ALP) staining. Gully-like 
shapes were observed between cells, and the cytoplasm 
color was dark gray (Figure 3a, Panel A). Under the same 
culture conditions, cells from the type 2 diabetic patient 
appeared lighter in color (Figure 3a, Panel B) compared 
to those from the healthy patient. Positive-stained cells 
were loosely arranged. Using the grid count method, we 
calculated that the positive cells from 
the healthy patient were 92%, while the 
positive cells from the type 2 diabetic 
patient were 73%, indicating that the 
activity of alkaline phosphatase from type 
2 diabetic cells was lower than that from 
healthy cells.

Alizarin red staining 
Using the same culture conditions, 

cells from the healthy patient and the dia-
betic patient showed Alizarin red-positive 
staining. Dark-red staining with various 
sizes and shapes was observed, con-
firming the formation of mineral nodules. 
Cells from the diabetic patient showed 
less mineral nodules, and the sizes of 
the nodules were smaller than those of 
the healthy patient (Figure 3b).

Colorimetric analysis of thiazole blue 
After cell inoculation at 2, 4, 6, 8, and 

10 days, the cell number and growth 
curves were calculated. The number of 
cells from the healthy patient was high 
during the 4-8-day period, while the 
number of cells from the type 2 diabetic 
patient peaked on the 6-8th day. Cells 
from both patients reached saturation 
during the 8-10-day period, and then 
gradually declined. As shown in Figure 4, 
proliferation of type 2 diabetic cells was 

Figure 2. Comparison of cell growth from the type 2 diabetic 
mellitus (DM) patient in low and high carbohydrate DMEM. The 
height of the column indicates the mean ± SD (*P < 0.05; one-
way ANOVA). 

Figure 3. Comparison of alkaline phosphatase (ALP) staining (a) and mineral 
nodules (b) of osteoblast cells from a healthy subject and from a type 2 diabetic 
patient. a, ALP staining of osteoblast cells from a type 2 diabetic patient (Panel 
A), and from a healthy patient (Panel B). b, Mineral nodules secreted by osteo-
blast cells from a type 2 diabetic patient (Panel A), and a healthy patient (Panel 
B). Arrows indicate mineral nodules after alkaline phosphatase staining.

a

b
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slower than that of cells from the healthy patient.

Quantitative assessment of alkaline phosphatase 
activity 

The alkaline phosphatase activity of cells from the 
healthy patient was highest on the 6th day, as opposed to 
the 8th day for the patient with type 2 diabetes. The overall 
trend for alkaline phosphatase activity from the healthy 
patient was relatively higher than that of the type 2 diabetic 
(P < 0.05; Table 1).

Determination of BGP concentration 
According to the standard concentration curve, we 

obtained BGP concentrations in the supernatant fluid from 
cells of the type 2 diabetic and healthy patients at 2, 4, 6, 
and 8 days and found that both reached a peak on the 6th 
day and gradually decreased on the 8th day, with significant 
differences in BGP concentrations between patients (P < 
0.05; Table 1). 

COL-I concentration 
COL-I concentration was determined accord-

ing to the standard cell concentration (absorbance 
value). The COL-I concentration of C1 reached 
its highest level on the 6th day, but the overall 
increase was slow. On the 4th day, the COL-I 
concentration of the healthy patient increased 
significantly and reached a peak on the 6th day. 
The COL-I concentration of the healthy patient 
was significantly higher than that of the type 2 
diabetic patient (P < 0.05; Table 1). 

Immunofluorescence staining and cell 
count 

Immunofluorescence staining showed that 
cells from both the healthy and the diabetic patient 
were able to adhere to the titanium slices. Cell 
nuclei and cell membranes were observed using 
various fluorescence backgrounds (Figure 5). 

Under the same conditions, the cell counts of the diabetic 
patient (means ± SD = 0.45 ± 0.138, x 105 cells/mL) and 
the healthy patient (means ± SD = 0.53 ± 0.239, x 105 
cells/mL) were significantly different (P < 0.05; one-way 
ANOVA). The ability to adhere to the titanium slices was 

Figure 5. Comparison of 
morphology using immuno-
fluorescence of cells from a 
healthy patient (A) and from 
a type 2 diabetic patient (B). 
Black arrows partly indicate 
cells of a healthy patient. 
White arrows partly indicate 
cells of a type 2 diabetic 
patient. There were no sig-
nificant morphological dif-
ferences and both adhered 
to the titanium slices.

Figure 4. Cell proliferation curve determined by the MTT assay.

Table 1. Comparison of alkaline phosphatase (ALP), bone gla protein (BGP), 
and type I collagen (COL-I) concentration in the supernatant of cells from a 
diabetic patient and a healthy patient.

Category Day 2 Day 4 Day 6 Day 8

ALP (mg/mL)
Diabetic 3.50 ± 0.25 3.84 ± 0.15 4.78 ± 0.16 5.28 ± 0.15
Healthy 4.69 ± 0.16* 5.23 ± 0.21* 7.08 ± 0.10* 6.32 ± 0.14*

BGP (ng/mL)
Diabetic 2.77 ± 0.06 7.61 ± 0.03 12.43 ± 0.06 8.01 ± 0.01
Healthy 4.37 ± 0.09* 13.81 ± 0.12* 15.67 ± 0.11* 14.99 ± 0.30*

COL-I (µg/L)
Diabetic 2.75 ± 0.23 2.98 ± 0.18 4.22 ± 0.21 2.51 ± 0.24
Healthy 4.08 ± 0.19* 7.98 ± 0.21* 8.75 ± 0.22* 5.40 ± 0.19*

Data are reported as means ± SD. *P < 0.05 compared to the diabetic patient 
(one-way ANOVA).
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lower for cells from the type 2 diabetic patient than for cells 
from the healthy patient.

Discussion

Osteoblasts are known to differentiate from multifunc-
tional marrow mesenchymal stem cells through osteopro-
genitor cells and into pre-osteoblasts. Mature osteoblasts 
synthesize collagenous and non-collagenous extracellular 
bone matrix proteins, and initiate and support matrix min-
eralization (23). The craniofacial skeleton originates from 
the ectomesenchyme and the alveolar tissue is formed by 
intramembranous ossification. It then surrounds the root of 
the tooth and constantly changes during the development 
of the mobile, shedding and chewing functions of the tooth. 
It is the most active part of bone tissue metabolism (24,25). 
The alveolar osteoblasts can participate in the precise regu-
lation of osteoclast to bone resorption and maintain bone 
metabolism balance besides forming bone matrix collagen 
and protein. This balance, however, is influenced by sys-
temic diseases, particularly diabetes. The insulin resistance 
associated with type 2 diabetics can reduce the quantity 
of osteoblast and bone matrix synthesis (26). Persistent 
hyperglycemia can inhibit osteoblast differentiation (27-
29), reduce alkaline phosphatase activity and delay bone 
deposition and mineralization (30). Osteoblast formation and 
differentiation become the keys for osseointegration. It is 
therefore particularly important to understand the biological 
properties of osteoblasts from type 2 diabetic patients. 

Our results suggest that alveolar bone osteoblasts from 
type 2 diabetic patients can be successfully cultured in vitro 
and have a specific morphology compared to normal os-
teoblasts. Moreover, we confirmed that they differ in growth 
rate, activity and mineral secretion. Diabetic alveolar bone 
osteoblasts have strong memory function for pathologic 
alveolar bone lesions. Furthermore, these memory functions 
have been supported by previous animal studies (25-27). 
The ability to adhere to titanium slices as well as the ability 
for secretion are lower for osteoblasts from type 2 diabetics. 
This may be a reason for the poor adhesion of implants 
surrounding bone in diabetic patients.

Our results also show that osteoblasts from a type 2 
diabetic patient exhibited slow growth in low carbohydrate 
DMEM, while they grew faster in the high sugar medium. 
The osteoblasts from the healthy patient showed no obvi-
ous difference in growth in low or high sugar medium. We 
speculate that this may be closely related to the speed of 
reduction of blood glucose to the normal range in the type 
2 diabetic within 2 short months, which did not permit the 
diabetic osteoblasts to adapt to low carbohydrate environ-
ments. Similarly, people who live on a plateau on a long-term 
basis find it difficult to adapt to the atmospheric pressure 
when they reach a summit. This phenomenon is often seen 
in the clinic where patients with high blood glucose are often 
asked to quickly lower their blood glucose levels using insulin 

before the dental implant, fact that causes a higher failure 
rate. We speculate that type 2 diabetic patients should lower 
their blood glucose gradually and slowly prior to their dental 
implant. Further experiments on both animal models and 
humans are needed to confirm this hypothesis. 

Dentists may hesitate to perform dental implants in 
diabetic patients for a variety of reasons, including delayed 
wound healing, prevalence of microvascular disease, im-
paired response to infection, and susceptibility to periodontal 
disease (5). In the present study, to guarantee the success 
of dental implants for the diabetic patient, we only collected 
bone chips on the pilot or twist drill, which ensured the purity 
of trabecular bone to a certain extent. Successful culture 
of normal alveolar bone osteoblasts has been reported 
earlier (21,28-30). In this study, we cultured alveolar bone 
osteoblasts from a healthy patient and a diabetic patient 
under the same conditions. We also characterized the 
cultured cells using an alkaline phosphatase kit, a BGP 
radioimmunity kit and a type I collagen kit. These methods 
are simple and the results are reliable.

The patient had an 8-year history of diabetes and never 
systematically controlled his blood sugar. A low-calorie 
diet and oral intake of metformin were prescribed to the 
patient for two months prior to the surgery. The blood 
glucose dropped to the normal range, possibly due to the 
fact that 1) the patient was sensitive to metformin, and 2) 
the patient’s active cooperation, such as following a low-
calorie diet, performing moderate exercise, etc. No weight 
loss was observed during the 2-month period of treatment. 
It is not clear whether metformin has any influence on 
alveolar bone of osteoblasts. Cortizo et al. (31) reported 
that metformin promotes osteoblast-like cell proliferation 
in a dose-dependent manner. It has also been reported 
that metformin may help reduce bone fracture (32). In the 
present study, we showed that the cellular activity of a 
diabetic patient was poor even with the metformin intake. 
Experiments are underway to compare the cell activity of 
diabetic patients receiving or not metformin treatment. Al-
veolar bone osteoblasts of type 2 diabetic patients can be 
successfully cultured in vitro. The cultured cells provided 
an experimental carrier to study the mechanisms of poor 
synostosis for type 2 diabetic implants. It also permitted us 
to observe more directly the influences and changes of the 
diabetic osteoblasts, therefore, providing new information 
for exploring effective treatment methods.

We have previously demonstrated in an animal system 
that osteoblast formation and differentiation is the key influ-
ence of osseointegration following dental implants (18-20). 
In the present study, we tried to adapt the animal studies to 
clinical ones by comparing the biological characteristics of 
alveolar bone osteoblasts from a normal subject and a type 2 
diabetic patient. It is much more difficult, however, to collect 
clinical samples, especially considering the patient’s age, 
gender, weight, lack of teeth, blood sugar levels, alveolar 
bone health conditions, etc. This greatly limited our study 
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in terms of number of samples. Follow-up experiments will 
be conducted with a large sample size, as we are screening 
more patients that fulfill our criteria.

Within the limitations of this study, it can be concluded 
that alveolar bone osteoblasts from type 2 diabetic patients 
can be successfully cultured in vitro. Furthermore, this study 
has yielded important evidence showing that type 2 diabetic 
osteoblasts had a slower growth rate, lower cell activity, 
less mineral nodule formation, and lower concentrations of 

ALP, BGP and COL-I. Thus, our combined findings strongly 
suggest that osteoblast formation and differentiation are the 
keys for poor osseointegration in type 2 diabetics.
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