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Abstract

Long-term hyperglycemia in people with diabetes very frequently leads to damage and/or dysfunction of
many tissues and organs of the human body, causing increased clinical morbidity. There is, however, an
increased correlation between glycemic control and the onset of these consequences and in particular
microvascular and macrovascular complications. The results of some studies have suggested that
diabetes exerts an influence on the failure rates of implants compared to non-diabetic patients. One
study demonstrates that HbAlc level (higher or lower than the threshold of 8.1) also influences the
survival rate of dental implants. Biopsy fragments from 8 consecutive patients who had a titanium
dental implant as well as diabetes were included in our study. The control group was represented by
4 patients with dental implants and who did not have diabetes. After the histological processing of
the tissues, cell counts of CD4, CDS8, CD20 and CD3 lymphocytes were performed by using QuPath.
The findings characterize the composition of lymphocyte populations in the oral mucosa surrounding
dental implants. In diabetic patients, poor glycemic control has been associated with a decreased CD4/
CDS8, contrary to our findings in tissue. The decreased number of CD20 positive lymphocytes could be
associated with the dysfunction of humoral immunity generally observed in patients with diabetes. In
our study, a 2.5 x higher value of TCD4+ lymphocytes was noted compared to the average of TCD8+
type lymphocytes. These results support the involvement of these types of inflammatory cells in the pot-
implant bone healing processes. This process starts on the 10th day post-implant. Different studies raise,
in these cases, the question of innate immune response vs adaptive immune response. Suppression of

processes induced by CD8+ lymphocytes is associated with stimulation of bone formation. Our results

support this hypothesis.

Introduction

Diabetes mellitus includes a group of
chronic metabolic diseases characterized by
hyperglycemia, resulting from deficiencies in
the production of insulin by the pancreas, in
the efficient use of insulin by the body, or both
[1-3]. The most common type of diabetes is
type 2, which accounts for 90-95% of people
with diabetes [1]. It has been estimated that
type 2 diabetes will affect more than 640
million adults by 2030 [4].

Long-term hyperglycemia in people with
diabetes very frequently leads to damage and/
or dysfunction of many tissues and organs of
the human body, causing increased clinical
morbidity [1,5]. Adverse effects of the disease
include: poor response to infections [6],
difficulty and delay in wound healing [7],
macro- and microvascular complications [8§],
impaired bone metabolism and bone strength

[9].

There is, however, an increased correlation
between glycemic control and the onset of these
consequences and in particular microvascular
and macrovascular complications [10]. Good
glycemic control in diabetic patients may delay
the onset and progression of many vascular
complications associated with this condition
[3,11]. A patient with controlled diabetes is
defined as a patient who maintains his/ her blood
glucose level as close to normal as possible
for as long as possible. This is determined by
a test, which measures what percentage of
the hemoglobin is glycated (HbAlc). People
with diabetes who maintain a level of up to
6.5% HbAc are considered to have controlled
diabetes [12].

On the other hand, increased salivary glucose
leads to changes in the oral cavity such as
xerostomia, which, in turn, predisposes to
increased bacterial plaque accumulation. This
bacterial plaque is a determining factor in the
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onset of dental caries and periodontal disease, the complications
of which can ultimately result in the loss of dental units [13,14].

Dental implants are considered to be the most functionally
and esthetically effective solution to rehabilitate the edentulous
areas of the dental arches and represent a modern and durable
alternative [15,16]. Despite their obvious benefits, dental
implants can pose some challenges for patients with diabetes,
as this condition can affect the healing process and increase the
risk of post-operative complications [17].

There are numerous studies showing that the negative effects
of diabetes on the body also affect the stability of dental
implants, raising some concerns about the long-term survival of
dental implants in diabetic patients due to the influence of blood
glucose levels on the general condition of oral tissues [18- 20].

The results of some studies have suggested that diabetes exerts
an influence on the failure rates of implants compared to non-
diabetic patients [14,21].One study demonstrates that HbAlc
level (higher or lower than the threshold of 8.1) also influences
the survival rate of dental implants [22]. However, there are also
authors who claim that there is no significant difference in the
survival rate of dental implants in diabetic versus non-diabetic
patients [23].

Patients with type 2 diabetes mellitus appear to have a
significantly better prognosis in terms of dental implant survival
rates compared to those with type 1 diabetes mellitus [22,24].
The failure rate of dental implants has been shown to be higher
in the first year after implantation in patients with microvascular
complications associated with diabetes [25].

Materials and methods

Biopsy fragments from 8 consecutive patients who had a
titanium dental implant as well as diabetes were included in
our study. The control group was represented by 4 patients with
dental implants and who did not have diabetes. The fragments
obtained were represented by the peri-implant gingival mucosa.
The type of implant used in the patients included in the study
was identical.

All oral mucosa fragments were fixed in 10% buffered
formalin (pH 7.4) for up to 48 h and processed automatically
(Excelsior Epredia) in the paraffin blocks.

The paraffin-embedded tissue was sectioned using the Leica
RM2125 microtome (Leica Biosystem, Buffalo Grove, IL,
US) at 4 microns stained with hematoxylin & eosin (HE)
with the Gemini automatic Stainer (Epredia-Portsmouth, New
Hampshire-USA) and examined with the Leica DM 3000 LED
microscope.

Using an Autostainer Link 48 (Agilent Technologies, Santa
Clara, CA, USA) the sections were incubated with anti-CDS8
(clone C8/144B), mouse monoclonal antibody, anti-CD4 (clone
4B12),mouse monoclonal antibody, anti-CD3 rabbit polyclonal
antibody, anti-CD20 (clone L26),mouse monoclonal antibody
(Agilent Technologies, Santa Clara, CA, USA). Positive control
slides made from appendix tissue were utilized for every case.
The negative control was made through the same processing
steps but by omitting the antibody used and replacing it with
an IgD.

After performing cell counts using QuPath, the average
number of CD4, CDS8, CD20 and CD3 lymphocytes across all
cases were calculated, as well as the CD4/CD8 and CD20/CD3
ratios. The average values of these parameters were compared
between patients that suffered from diabetes and those that were
non-diabetic. For statistical evaluation, the Mann-Whitney
U test was used to compare means between groups. A formal
statistical significance level of 0.05 was chosen. Statistical
analysis as well as figure generation were performed using
Microsoft Excel.

Results

Examination of the morphological and immunohistochemical
aspects of the peri-implant gingival mucosa revealed an
abundant inflammatory infiltrate composed mainly of B cells
(Figure 1A and 1B). The composition of the T cell population
in patients with diabetes revealed an increased CD4/CDS ratio
(Figure 1C and 1D).

Figure 1 — A4 and B: CD20 (brown) and CD3 (magenta); C and D: CD4 (brown) and CDS8 (magenta)
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The evaluation of CDS8 positive lymphocytes in the oral cavity
revealed a higher average count in patients with diabetes than in
non-diabetic patients but the difference did not reach statistical
significance (95.66 vs.73.6, respectively; Mann-Whitney U
p-value = 0.234) (Table 1).

The analysis showed the presence of a larger average number
of CD4 positive lymphocytes in diabetic patients when compared
with the non-diabetic group (136.5 vs. 47.6, respectively; Mann-
Whitney U p-value = 0.022) (Table 1).

Table 1. Comparison of means between CD8, CD4, CD3, and CD20
positive lymphocytes in diabetic vs. non-diabetic patients (Mann-
Whitney U test p-value);

Positive Mann-
Diabetic Non-diabetic Whitney U
lymphocytes . .
patients patients test
(means)
p-value
CD8 95.66 73.6 0.234
CDh4 136.5 47.6 0.022
CD3 127.8 153.5 0.417
CD20 24.8 144 0.004
CD4/CD8 ratio
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1,6 p=0.312
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Figure 2. CD4/CDS ratio
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Figure 3. CD20/CD3 ratio
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We identified similar average numbers of CD3 positive
lymphocytes in both groups (127.8 vs. 153.5, Mann-Whitney U
p-value = 0.417) (Table 1).

Non-diabetic patients with dental implants showed a much
higher average number of CD20 positive lymphocytes in the
biopsies (144 vs. 24.8, Mann-Whitney U p-value = 0.004)
(Table 1).

The average CD4/CDS ratio was higher on average in patients
diagnosed with diabetes without reaching formal statistical
significance (1.67 vs. 0.65; Mann-Whitney U p-value = 0.312)
(Figure 2), while the mean CD20/CD3 ratio appears to be
higher in patients without diabetes, without reaching statistical
significance (0.44 vs. 0.91; Mann-Whitney U p-value = 0.818)
(Figure 3).

The average CD4/CD3 ratio was increased in patients with
diabetes compared to non-diabetic patients without reaching
formal statistical significance (1.81 vs. 0.39; Mann-Whitney U
p-value = 0.0509) (Figure 4). Similarly, the CD8/CD3 ratio was
larger in patients diagnosed with diabetes, without statistical
significance (1.898 vs. 0.536; Mann-Whitney U p-value =
0.7113) (Figure 5).

CD4/CD3 ratio
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12

p = 0.0509
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0,6
0,4
0,2

Diabetic Non-diabetic

Figure 4. CD4/CD3 ratio
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Figure 5. CD8/CD3 ratio
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Discussion

IHC staining of oral mucosa biopsies for CD4, CD8, CD20 and
CD3 revealed several aspects regarding the immune response
surrounding dental implants in diabetic and non-diabetic
patients. In patients diagnosed with diabetes, CD4 positive
lymphocytes seem to be increased on average (statistically
significant), with CDS8 being just slightly elevated, without
reaching statistical significance.

The CD4/CDS ratio seems to be increased in patients with
diabetes (not statistically significant). This ratio is due to
the large increase in CD4 average counts that is observed
in samples from diabetic patients. Levels of CD3 positive
lymphocytes were similar between the two groups, while CD20
positive lymphocytes are much lower in biopsies of patients
with diabetes (statistically significant). The CD20/CD3 ratio
is lower in patients with diabetes, without reaching statistical
significance.

These findings characterize the composition of lymphocyte
populations in the oral mucosa surrounding dental implants.
In diabetic patients, poor glycemic control has been associated
with a decreased CD4/CDS8, contrary to our findings in tissue.
The decreased number of CD20 positive lymphocytes could be
associated with the dysfunction of humoral immunity generally
observed in patients with diabetes.

One previous study showed that in rabbits, titanium implants
activate the immune system and suppress bone resorption
during the first 4 weeks after femoral implantation [26]. Due to
potential pH changes in the oral cavity, dissolution of titanium
particles can occur. These particles lead to activation of the
immune system that could lead to peri-implant disease [27].
In studies performed on healthy rats, titanium dental implants
were shown to upregulate CD4 positive cells while suppressing
CDS positive cells, which could suggest a local reduction of
the immune inflammatory response in order to promote tissue
repair [26].

Macrophages appear to be yet another important cell type in
the immune response to dental implants. There is evidence that
titanium leads to the activation of macrophages either directly
or by phagocytosis, which leads to the production of both pro
and anti-inflammatory cytokines. Macrophage polarization
between M1 and M2 phenotypes is a well-known determining
factor in immune reactions to foreign materials [27]. Titanium
has a reparative/anti-inflammatory M2 phenotype, while copper
as well as PEEK have a mixed pro-inflammatory M1 and anti-
inflammatory M2 reaction [27].

Literature reviews on this topic highlight the lack of consensus
and the needed for large-scale studies. A systematic review by
Wanger et al. revealed that patients with diabetes have shorter
implant survival times.

An important mechanism of implant rejection is blocking
the transformation of MI-type macrophages into M2-
type macrophages. This transformation is controlled by
inflammatory cells, especially T lymphocytes (CD3+), as well
as various chemical mediators. The decrease or blockage of this
transformation is the result of a failure of dental implant survival.
According to the pilot study carried out by us, it shows that in
the case of patients with diabetes, the number of T lymphocytes
tends to decrease [28].

In our study, a 2.5 x higher value of TCD4+ lymphocytes was
noted compared to the average of TCD8+ type lymphocytes.
These results support the involvement of these types of
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inflammatory cells in the pot-implant bone healing processes.
This process starts on the 10th day post-implant. Different
studies raise, in these cases, the question of innate immune
response vs adaptive immune response [5]. Suppression of
processes induced by CD8+ lymphocytes is associated with
stimulation of bone formation [27]. Our results support this
hypothesis.

The CD20/CD3 ratio clearly indicates the intensity of a
cellular immune response carried out by cytokines in the case
of diabetic patients compared to the antigen-antibody type
response

The present study did not aim to evaluate another subpopulation
of T lymphocytes called reg T cells. This lymphocyte population
is known to achieve immunological tolerance. The process of
immunological tolerance is mandatory for the activation of
regeneration and reparative processes [17].

More research on this topic as well as more highly powered
studies are necessary to characterize the interactions between
immune cells in detail. Robust characterization of local
immune response could pave the way for various methods and
tools to predict the success of dental implants. The potential
of understanding the immune environment related to dental
implants could lead to better outcomes for these procedures,
particularly in patients with type 2 diabetes, which suffer from
higher rates of dental implantation failure.

References

1. American Diabetes Association Diagnosis and classification of
diabetes mellitus. Diabetes Care. 2014;37((Suppl. S1)):S81-S90.
doi: 10.2337/dc14-S081.

2. Verhulst MJL, Loos BG, Gerdes VEA, Teeuw WJ. Evaluating
All Potential Oral Complications of Diabetes Mellitus.
Front Endocrinol (Lausanne). 2019;10:56. doi:10.3389/
fendo.2019.00056.

3. Al Ansari Y, Shahwan H, Chrcanovic BR. Diabetes Mellitus
and Dental Implants: A Systematic Review and Meta-Analysis.
Materials (Basel). 2022;15(9):3227. doi:10.3390/ma15093227

4. International Diabetes Federation. IDF Diabetes Atlas. 10th ed.
International Diabetes Federation; Brussels, Belgium: 2021.

5. Reenders K, de Nobel E, van den Hoogen HJ, Rutten GE, van Weel
C. Diabetes and its long-term complications in general practice: a
survey in a well-defined population. Fam Pract. 1993;10(2):169-
172. doi:10.1093/fampra/10.2.169.

6. Berbudi A, Rahmadika N, Tjahjadi AL, Ruslami R. Type 2
Diabetes and its Impact on the Immune System. Curr Diabetes
Rev. 2020;16(5):442-449. doi:10.2174/15733998156661910240
85838.

7. Dubey R, Prabhakar PK, Gupta J. Epigenetics: key to improve
delayed wound healing in type 2 diabetes. Mol Cell Biochem.
2022;477(2):371-383. doi:10.1007/s11010-021-04285-0.

8. Khalil H. Diabetes microvascular complications-A clinical
update. Diabetes Metab Syndr. 2017;11 Suppl 1:S133-S139.
doi:10.1016/j.dsx.2016.12.022.

9. Moreira CA, Barreto FC, Dempster DW. New insights on diabetes
and bone metabolism. J Bras Nefrol. 2015;37(4):490-495.
doi:10.5935/0101-2800.20150077.

10. Cohen A, Horton ES. Progress in the treatment of type
2 diabetes: new pharmacologic approaches to improve
glycemic control. Curr Med Res Opin. 2007;23(4):905-917.
doi:10.1185/030079907x182068.

Page 4 of 5



Slavescu Dan et al. Japan Journal of Research. 2024;5(8):057

11.

13.

14.

15.

16.

17.

18.

19.

Fullerton B, Jeitler K, Seitz M, Horvath K, Berghold A,
Siebenhofer A. Intensive glucose control versus conventional
glucose control for type 1 diabetes mellitus. Cochrane Database
Syst Rev. 2014;2014(2):CD009122. doi:10.1002/14651858.
CD009122.pub2.

American Diabetes Association. 2. Classification and Diagnosis of
Diabetes: Standards of Medical Care in Diabetes-2020. Diabetes
Care. 2020;43(Suppl 1):S14-S31. doi:10.2337/dc20-S002.

Glurich I, Acharya A. Updates from the Evidence Base Examining
Association between Periodontal Disease and Type 2 Diabetes
Mellitus: Current Status and Clinical Relevance. Curr Diab Rep.
2019;19(11):121. doi:10.1007/s11892-019-1228-0.

Tap MD, Radu A-C, Petrescu DG, Stanciu C, Raducu R-C.
The Main Decisional Factors That Influence the Decision of
the Patients Suffering from Diabetes to Have Dental Implants
Using New Technologies after the COVID-19 Pandemic Period.
Sustainability. 2023;15:2053. doi: 10.3390/sul15032053

Naert I, Koutsikakis G, Duyck J, Quirynen M, Jacobs R,
van Steenberghe D. Biologic outcome of implant-supported
restorations in the treatment of partial edentulism. part I:
a longitudinal clinical evaluation. Clin Oral Implants Res.
2002;13(4):381-389. doi:10.1034/.1600-0501.2002.130406.x.

Goel M, Popa AR. Interaction of adipokines with diabetes
mellitus and dental implants. Rom J Diabetes Nutr Metab Dis.
2020;27:73-76.

Johnson C, et al. Management strategies for diabetic patients
undergoing dental implant treatment: a systematic review. Oral
Health Journal. 2020;30(4):210-225.

Chrcanovic BR, Albrektsson T, Wennerberg A. Diabetes and oral
implant failure: a systematic review. J Dent Res. 2014;93(9):859-
867. doi:10.1177/0022034514538820.

Smith A, Jones B. The impact of diabetes on dental implant failure
rates: a review of the literature. Journal of Dental Research.
2018;45(2):123-135.

Japan J Res.. 2024; Vol 5 Issue 8

20.

21.

22.

23.

24.

25.

26.

27.

28.

Brown D, et al. Diabetes and oral implantology: current
perspectives and future directions. Journal of Oral Implantology.
2019;12(3):178-192.

Javed F, Romanos GE. Impact of diabetes mellitus and glycemic
control on the osseointegration of dental implants: a systematic
literature review. J Periodontol. 2009;80(11):1719-1730.
doi:10.1902/jop.2009.090283.

Aguilar-Salvatierra A, Calvo-Guirado JL, Gonzalez-Jaranay M,
Moreu G, Delgado-Ruiz RA, Gémez-Moreno G. Peri-implant
evaluation of immediately loaded implants placed in esthetic zone
in patients with diabetes mellitus type 2: a two-year study. Clin
Oral Implants Res. 2016;27(2):156-161. doi:10.1111/clr.12552.

Alberti A, Morandi P, Zotti B, et al. Influence of Diabetes on
Implant Failure and Peri-Implant Diseases: A Retrospective
Study. Dent J (Basel). 2020;8(3):70. doi:10.3390/dj8030070.

Ibraheem EMA, Hammad HGH, EIl-Sisy AME. Comparing
marginal bone height changes around immediately and delayed
implant-retained mandibular overdentures in controlled diabetic
patients: A randomized clinical study. Bull Nat Res Cent.
2019;43:198. doi: 10.1186/542269-019-0228-1

Farzad P, Andersson L, Nyberg J. Dental implant treatment
in diabetic patients. Implant Dent. 2002;11(3):262-267.
doi:10.1097/00008505-200207000-00011.

Trindade R, Albrektsson T, Galli S, Prgomet Z, Tengvall P,
Wennerberg A. Osseointegration and foreign body reaction:
Titanium implants activate the immune system and suppress bone
resorption during the first 4 weeks after implantation. Clin Implant
Dent Relat Res. 2018;20(1):82-91. doi:10.1111/cid.12578.

Kheder W, Bouzid A, Venkatachalam T, et al. Titanium Particles
Modulate Lymphocyte and Macrophage Polarization in Peri-
Implant Gingival Tissues. Int J Mol Sci. 2023;24(14):11644.
doi:10.3390/ijms24 1411644

Costa MD, Donner S, Bertrand J, et al. Hipersensibilitate si
activare limfocitara dupa artroplastia totala de sold. Orthopédie.
2023;52:214-221. doi: 10.1007/s00132-023-04349-7

Page 5 of 5



