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Editorial

4February 2022, the “start of spring” day, the first of 
the 24 solar terms of the year and also part of the 

Chinese New Year festival, marked the opening of the 
XXIV Winter Olympic Games (Beijing 2022). Beijing 
is now the first city to have hosted both the Summer 
and Winter Olympics and Paralympics. These events are 
great opportunities for athletes and sports fans from all 
over the world to meet. We hope the pandemic will end 
soon, that the world will return to normal, and that we
will work “together for a shared future”.

For our journal, with great support and cooperation
from Berlin, London and Beijing, we have continued to
work smoothly over the past year. We have welcomed 
14 new members, who are renowned international 
scholars, to our editorial board. We would like to thank 
them for their support and contribution!

In this issue, I would like to recommend several arti-
cles. The first of these is “Emerging role of high glucose
levels in cancer progression and therapy” contributed 
by Dr Cai et al, members of Prof Tie Jun Li’s team 
from Peking University School of Stomatology. The art-
icle offers a comprehensive review of this broad topic. 
Extensive research has indicated that high glucose plays 
an important role in the development and progression 
of cancer. As a novel finding in cancer progression and 
therapy, high glucose needs to be studied further, and I
think this article may offer a new perspective for read-
ers who work in cancer research. 

There are also two other reviews. The first of these 
is “Exploration of genetic variants of non-syndromic
cleft lip with or without palate and underlying mech-
anisms” by Prof Lin Wang’s team at the Affiliated 
Hospital of Stomatology, Nanjing Medical University. 
They performed functional studies on related loci
and genes by using molecular biology, cell biology,

animal models and other methods, which provide a 
basis for the construction of the NSCL/P genetic map 
in the Chinese population and help to implement indi-
vidualised prophylaxis and treatment. The second is 
contributed by Prof Tian’s group at the West China 
Hospital of Stomatology, Sichuan University, entitled 
“Microspheres and their potential in endodontic regen-
eration application”, which summarises the properties 
and characteristics of microsphere scaffold used in tis-
sue engineering, placing emphasis on their advantages 
and applications in endodontic regeneration.

The systematic review on “Accuracy of mandibular 
reconstruction with a vascularised Iliac flap using 3D 
templates” and systematic review and meta-analysis 
“Relationship between presence of third molars and 
prevalence of periodontal pathology of adjacent sec-
ond molars”, from Shanghai Ninth People’s Hospital,
Shanghai Jiao Tong University School of Medicine, 
College of Stomatology, and School of Stomatology,
Fourth Military Medical University, respectively, are 
sure to be helpful to clinicians in their practice. There is 
also a research article on “Near infrared laser photobio-
modulation of periodontal ligament stem cells” from the 
School of Dentistry, Hamadan University of Medical 
Sciences, Iran, and a case report on “Management 
of separated instruments extruded into the maxillary 
sinus and soft tissue” from the School of Stomatology, 
Capital Medical University, China that are worthy of 
your attention.

I wish you a very happy, healthy and successful new 
year!

Prof Guang-yan Yu
Editor-in-chief 
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proliferation, apoptosis and invasion, as well as multid-
rug resistance.

Foods that contain carbohydrates, which are digest-
ed, absorbed and metabolised quickly, are considered 

-
cose scale). The glycaemic load (GL) is the product of 
the GI and the total available carbohydrate content in 
a given amount of food (GL = GI × available carbohy-
drate/given amount of food)3. High GI and GL diets are 
associated with cancers of the upper aerodigestive tract 
and digestive system1,2. Table 14-37 lists specific risk 
factors and cancer types. High GI diets are associated 
with increased risk of oesophageal adenocarcinoma,
oesophageal squamous cell carcinoma, colorectal can-
cer, colon cancer, pancreatic cancer, renal cell carci-
noma, prostate cancer and bladder cancer5,6,16,18-20,30. 
High GL diets increase the risk of oesophageal squamous 
cell carcinoma and mammary carcinomas, and gastric, 
colorectal, rectal, colon, pancreatic, endometrial, ovar-
ian and bladder cancers6,7,16,19,20,33,35,36. Makarem et 
al38 found that high sugar intake increases the risk of 
cancer by 60% to 95%, and high consumption of sugary
beverages increases the risk by 23% to 200%. Dietary
sugar is positively associated with hepatocellular car-

1 Department of Oral Pathology, Peking University School and 
Hospital of Stomatology, National Centre of Stomatology & National 
Clinical Research Centre for Oral Diseases, Beijing, P.R. China.

2 Research Unit of Precision Pathologic Diagnosis in Tumours of 
the Oral and Maxillofacial Regions, Chinese Academy of Medical
Sciences (2019RU034), Beijing, P.R. China.

3 Central Laboratory, Peking University School and Hospital of 
Stomatology, Beijing, P.R. China.

Corresponding authors: Prof Tie Jun LI, Department of Oral Pathology, 
Peking University School and Hospital of Stomatology, Beijing 100081, 
P.R. China. Tel/Fax: 86-10-82195203. Email: litiejun22@vip.sina.com;
and Dr He Yu ZHANG, Central Laboratory, Peking University School 
and Hospital of Stomatology, Beijing 100081, P.R. China. Tel/Fax: 86-10-
82195770. Email: zhangheyu1983@sina.cn

This work was supported by research grants from the National Nature Sci-
ence Foundation of China (81671006 and 81300894) and CAMS Innova-
tion Fund for Medical Sciences (2019-I2M-5-038).

Emerging Role of High Glucose Levels in Cancer Progression
and Therapy
Xin Jia CAI1,2, Jian Yun ZHANG1,2, Ao Bo ZHANG1,2, Xuan ZHOU1,2, He Yu ZHANG2,3,
Tie Jun LI1,2

Extensive research has indicated that high glucose levels play an important role in cancer. A
high glycaemic index, glycaemic load diet, high sugar intake, high blood glucose and diabetes 
mellitus all increase the risk of cancer. Various signals are involved in high glucose–induced 
tumorigenesis, cancer proliferation, apoptosis, invasion and multidrug resistance. Reactive
oxygen species might be important targets in cancer progression that are induced by high 
glucose levels. Drugs such as metformin and resveratrol may inhibit high glucose–induced 
cancer. As the impact of high glucose levels on cancer progression and therapy is a novel find-dd
ing, further research is required.

Key words: cancer, high glucose, progression, therapy, tumorigenesis
Chin J Dent Res 2022;25(1):11–20; doi: 10.3290/j.cjdr.b2752695

Many studies have shown that high glucose (HG) is 
closely related to tumorigenesis and cancer progression. 
HG is linked to abnormal glucose metabolism1,2. The 
study of abnormal glucose metabolism is not only shed-
ding light on carcinogenesis, but is also revealing new
principles of the biochemistry of aberrant cancer cell
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cinoma13. Larsson et al15 found that high consumption
of sweetened beverages was associated with increased 
risk of biliary tract cancers, particularly gallbladder 
cancer. Galeone et al21 determined that added sugars 
were associated with increased risk of colon cancer. A 
high sugar diet increased the risk of mammary cancer in
developing mouse pups and incidence of liver tumours 
in mice8,14. High blood glucose increased the risk of 
leukaemia, lymphoma and lung, breast, thyroid, gastric, 
pancreatic, colorectal, colon, rectal, prostate, bladder 
and cervical cancers4,9,17,22-25,32,34,37. High blood glu-
cose is associated with cancer stage, aggressiveness,
mortality, recurrence and poor survival10-12,27,32,34,37,39. 
Diabetes mellitus (DM) increased the risk of develop-
ing oesophageal, thyroid, liver, pancreatic, colorectal, 
cervical and renal cancer and increased cancer aggres-
siveness4,28,29,31.

HG and tumorigenesis 

Table 240-104 and Fig 1 show the involvement of HG in
tumorigenesis and the progression of different cancers
through various molecules. HG induced O-GlcNAcyla-
tion, expression and transcriptional activity of Yes-asso-
ciated protein (YAP) led to YAP-dependent tumorigenic
phenotypes which contributed to liver tumorigenesis.
YAP was found to promote glucose uptake, the syn-
thesis of metabolites involved in the hexosamine bio-
synthesis pathway (HBP) and cellular O-GlcNAcyla-
tion, establishing a positive feedback loop58. Qiao et 
al59 found that HG induced advanced glycosylation
end product–specific receptor (AGER) activating HBP, 
leading to enhanced O-GlcNAcylation of target pro-
teins, increasing the activity and stability of c-Jun via 
O-GlcNAcylation of this protein at Ser73 to promote

Table 1  Clinical evidence of high glucose involved in tumorigenesis and progression4-37.

Cancer type Risk factors Study

Thyroid cancer High level of fasting plasma glucose, diabetes mellitus Zhan et al4

Oesophageal carcinoma
Intake of sucrose, sweetened desserts/beverages, high GI diet, 
high GL diet, high level of fasting plasma glucose, diabetes mel-
litus

Zhan et al4, Li et al5, Eslamian et al6

Breast cancer
High GL diet, high fat/high sugar diet, high level of fasting plasma 
glucose, diabetes mellitus, high blood random glucose

Zhan et al4, Thompson et al7, Lambertz
et al8, Sieri et al9, Raza et al10, Contiero
et al11

Lung cancer High level of fasting plasma glucose, diabetes mellitus Zhan et al4, Luo et al12

Liver cancer
High sugar diet, high level of fasting plasma glucose, diabetes 
mellitus

Zhan et al4, Fedirko et al13, Healy et al14

Biliary tract cancers, gall-
bladder cancer

High consumption of sweetened beverages Larsson et al15

Gastric cancer
High carbohydrate intake, high GL diet, high fasting plasma glu-
cose

Ye et al16, Ikeda and Kiyohara17

Colorectal cancer
High GI diet, high carbohydrate intake, high sugar, high level of 
fasting plasma glucose, diabetes mellitus

Sieri et al18,19, Hu et al20, Galeone et 
al21, Cui et al22, Vulcan et al23, Jung et 
al24, Shin et al25

Pancreatic cancer
High GI diet, high level of fasting plasma glucose, diabetes mel-
litus, high random plasma glucose

Zhan et al4, Hu et al20, Rossi et al26, 
Nagai et al27, Pang et al28, Er et al29

Renal carcinoma High GI diet Zhu et al30, Otunctemur et al31

Prostate cancer High GI diet, high GL diet, high serum glucose Hu et al20, Arthur et al32

Bladder cancer
High GI diet, high GL diet, high consumption of refined carbohy-
drate foods, high level of fasting plasma glucose, diabetes mel-
litus

Zhan et al4, Sieri et al19, Augustin et al33

Cervical cancer
High level of fasting plasma glucose, diabetes mellitus, high non-
fasting plasma glucose

Zhan et al4, Lee et al34

Endometrial cancer High GL diet Nagle et al35

Ovarian cancer High GL diet Nagle et al36

Primary central nervous 
system lymphoma

High mean fasting plasma glucose (≥126 mg/dL) Debata et al37

Leukemia High level of fasting plasma glucose, diabetes mellitus Zhan et al4

Lymphoma High level of fasting plasma glucose, diabetes mellitus Zhan et al4
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tumorigenesis. The c-Jun enhanced AGER transcription
thus established a positive feedback loop59. HG-induced 
thioredoxin-interacting protein (TXNIP) expression is
involved in oxidative stress via p38 mitogen-activated 
protein kinases (MAPKs) and extracellular signal-reg-
ulated kinase (ERK) pathways, which promoted cancer 
development78. Ito et al found that HG led to cancer by 
increasing osteopontin (OPN) expression and oxidative
stress, accelerating cell proliferation79. HG promoted the 
acquisition of mesenchymal and cancer stem cell (CSC)
properties by activating transforming growth factor 

80. 
Zhang et al105 found that HG increased mutagenesis in
lymphoblastoid cells via reactive oxygen species (ROS)
and null or mutant p53. Overexpression of chemotactic
cytokine ligand 5 (CCL5) accelerated diffuse large B cell 
lymphoma formation in HG106. HG maintained hepatic 
homeostasis by regulating the asialoglycoprotein recep-
tor107. Langen et al41 found that HG decreased the dose
absorption ratio (DAR) of 2-18F-fluorodeoxyglucose 
(FDG) uptake in bronchial carcinoma. 

HG and cancer cell proliferation

HG reduces Wnt antagonist Dickkopf 4 (DKK4) pro-
tein and promotes cancer cell proliferation by activat-

60,98. HG
increases ROS levels, which stimulates proliferation 
by inactivating the c-Jun-NH2-terminal kinase (JNK)
pathway81. Rezende et al92 found that HG increased cell 
proliferation by reducing AMPK activation and affect-
ing oxidative stress. HG promotes cell proliferation by
upregulating sterol regulatory element binding protein 1 
(SREBP1); SREBP1 also mediates autophagy via nega-
tive feedback82. Han et al83 found that HG promoted 
proliferation via the induction of epidermal growth fac-
tor (EGF) expression and transactivation of EGF re-
ceptor (EGFR). Zhang et al42 found that HG stimulated 
proliferation via phosphoenolpyruvate (PEP)-induced 
poHis58-FAK signalling. HG stimulates proliferative
capacity by elevating O-GlcNAcylation and the expres-
sion of zinc finger protein 410 (APA1) and gap junc-
tion protein gamma 1 (GJC1)108. Upregulation of glial 
cell line–derived neurotrophic factor (GDNF) and RET
ligand–receptor interaction could play a role in the pro-
liferation promoted by HG84. Gupta et al109 found that 
HG induced proliferation via crosstalk between glyco-

H3 phosphorylation and DNA methylation. Decreases 

could account for HG-stimulated proliferation110. Li et 
al93 found that HG induced miR-301a expression, sup-
pressed expression of p21 and smad4 and promoted G1/S 

Fig 1  HG involved in
tumorigenesis and pro-
gression through tran-
scription regulators,
kinase, growth factors,
proteases, oxidoreduc-
tases, receptors, develop-
mental protein, cytokines 
and other molecules. 
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cell cycle transition and cell proliferation. HG induces 
proliferation via STAT3 activation by increasing nuclear 
STAT3, p-STAT3, cyclin D1, vimentin and MMP270.
Reema et al111 found that HG promoted cell proliferation
and clonogenicity by activating pro-oncogenic signal-
ling. HG enhances the growth of cancer cell colonies by 
activating Akt112. 

HG and cancer cell apoposis

HG induces cell apoptosis through increased oxidative
stress by increasing the intracellular ROS level, lipid per-
oxidation, protein carbonyl and 3-nitrotyrosine (3-NT) 
adduct formation and HG-mediated induction of alco-
hol dehydrogenase (ADH) and cytochrome P4502E1 
(CYP2E1)61,62. HG triggers endoplasmic reticulum 
(ER) and oxidative stress, and integrates the signal-
ling cascades into apoptosis signal-regulating kinase
1 (ASK1) and causes phosphorylation and activation
of p38 and JNK MAPK signals, eventually leading to 

cell apoptosis63. It was also argued that HG enhances 
proliferation and inhibits apoptosis by JNK-mediated 
downregulation of the p53 pathway and increases p38
MAPK phosphorylation55,113. Zhu et al43 found that 
HG enhanced cell proliferation, migration and invasion 
and suppressed apoptosis by increasing protein kinase C 

HG and cancer cell invasion and metastasis 

HG induces migration and invasion by monounsaturated 
fatty acids (MUFAs), suppressing PTEN/Akt signal-
ling and regulating the epithelial–mesenchymal tran-
sition (EMT) mediated by stearoyl-CoA desaturase 1
(SCD1)72. HG upregulates high mobility group AT-hook 
2 (HMGA2) and high mobility group box 1 (HMGB1)

-
way and production of hydrogen peroxide85,103,114. 
HG induces the binding of plasminogen to the cell sur-
face and promotes the activation of plasminogen and 

Table2  Molecular mechanisms of HG involved in tumorigenesis and progression40-104.

Cancer type Molecular mechanisms Study

Nasopharyngeal carcinoma Snail protein Zheng et al40

Bronchial carcinoma Dose absorption ratio of FDG uptake Langen et al41

Esophageal carcinoma poHis58-FAK signalling Zhang et al42

Breast cancer

EMT, ROS, proinflammatory and pro-oxidant environment
characterised by the COX-2/PGE2 axis, Zn2+ transportation,
NF- B pathway; abrogate the effect of metformin, decrease
cellular sensitivity to 4-MU

Zhu et al43, Viedma-Rodríguez et al44, Matsui
et al45, Flores-López et al46, Kallens et al47,
Takatani-Nakase48, Nasir Kansestani et al49,
Varghese et al50, Wang et al51, Pandey et al52

Gastric cancer Multiplicative interaction; attenuate effect of 5-FU Lin et al53, Zhao et al54

Lung cancer p53 pathway, RAGE-NOX-4 pathway, ERK/DAPK signal Wang et al55, Liao et al56, Kuron et al57

Liver cancer

O-GlcNAcylation, HBP, canonical Wnt signalling pathway,
oxidative stress, endoplasmic reticulum stress, EMT, YAP, 
mitochondrial biogenesis, mitochondrial networking, ATP 
synthase dimer stability, AMPK/mTOR pathway, STAT3 and
AKT signalling pathways, NF- B/GLUT1 signal

Zhang et al58, Qiao et al59, Chauhan et al60,
Chandrasekaran et al61,62, Jiang et al63,
Li et al64, Liu et al65, Domenis et al66,
Lv et al67, Li et al68, Liu et al69

Cholangiocarcinoma STAT3, O-GlcNAcylation Saengboonmee et al70, Phoomak et al71

Colorectal cancer
PTEN/Akt signal, EMT, MMP-9 signalling pathway, attenuate
effect of 5-FU, modify adriamycin-induced cancer cell death,
bromopyruvate resistance

Ran et al72, Chen et al73, Lin et al74, Ma et
al75, Ganefi et al76, Ideno et al77

Pancreatic cancer

Oxidative stress, p38 MAPK and ERK signalling path-
ways, mesenchymal and CSC-properties, JNK pathway,
autophagy, EMT, increase LDHA activity and HK2, PFKP
expression, AMPK signalling pathway, PI3K/AKT/GSK-3
signalling pathway, EGF/EGFR signalling pathway

Li et al78, Ito et al79, Rahn et al80, Luo et
al81, Zhou et al82, Han et al83, Liu et al84,
Li et al85,86, Cheng et al87, Duan et al88, 
Cao et al89, Han et al90, Li et al91

Prostate cancer
Oxidative stress, G1/S cell cycle transition, upregulate 
aerobic glycolysis, N-linked glycosylation, reduce docetaxel-
induced cell apoptosis, reduce expression of IGFBP2

Rezende et al92, Li et al93, Huang et al94, 
Fukami et al95, Biernacka et al96,97

Bladder cancer Wnt/ -catenin signalling pathway Gao et al98

Endometrial cancer EMT, overexpression of -catenin, inhibit STAT3 expression
Gu et al99, Han et al100, Zhou et al101, Wall-
billich et al102

B-cell lymphoma EMT, Wnt/ -catenin signalling pathway, abrogate etoposide 
chemotherapy effect

Wang et al103, Shao et al104
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EMT44. HG activates the insulin-like growth factor 1
receptor (IGF1R)/Src axis and upregulates the expres-
sion of EMT, ERK, cyclin B1 and N-cadherin signalling 
pathways by mediating the downregulation of miR-9 
expression73. HG increases the expression of glucose
transport protein 4 (GLUT4) and glucose transporter 12 
(GLUT12) and promotes EMT by upregulating vascu-
lar endothelial growth factor (VEGF)/VEGF receptor 
(VEGFR) and oestrogen receptors (ERs). GLUT4 also
supplies more energy for the growth of cancer cells by
increasing glucose intake45,99. Lin et al74 found that HG 
promoted the migration and invasion of cancer cells via
the signal transducer and activator of transcription 3
(STAT3)-induced matrix metalloproteinase-9 (MMP-9)
signalling pathway. HG increases expression of MMP-
9 and MMP-2, downregulates E-cadherin expression,
upregulates snail and induces higher malic enzyme
1 (ME1) activity40,100,115. Li et al86 found that HG
increased the production of ROS in a concentration-
dependent manner. HG induces superoxide dismutase-
dependent production of hydrogen peroxide, increases 
the expression of urokinase plasminogen activator (uPA),
vimentin and fibronectin mediated by ROS and upregu-
lates haem oxygenase-1 (HO-1) expression via ROS or 

46,86,116. HG
modulates O-GlcNAcylation through the expression 
of glucosamine-fructose-6-phosphate amidotransferase 
(GFAT) and vimentin71. HG induces the establishment 
of a proinflammatory, pro-oxidant environment char-
acterised by the cyclooxygenase-2 (COX-2)/PGE2 
axis. Stromal-derived PGE2, acting as a stimulator of 
interleukin-1 (IL-1) epithelial expression, promotes the 
acquisition of motile properties by epithelial cells and 
the maintenance of COX-2/PGE2-dependent inflam-
mation47. Cheng et al87 found that the accumulation of 

increased lactate dehydrogenase A (LDHA) activity and 
hexokinase 2 (HK2) and phosphofructokinase platelet 
type (PFKP) expression. Tomoka et al48 found that HG 
induced Zn2+ transport via zinc transporters ZIP6 and 
ZIP10. Zhou et al117 found that HG promoted cell migra-
tion via aquaporin 3 (AQP3).

HG and angiogenesis

Liao et al56 found that HG increased the protein expres-
sion of receptor for advanced glycation end products 
(RAGE) and nicotinamide adenine dinucleotide phos-
phate oxidase-4 (NOX4) and affected angiogenesis and 
tumour metabolism via the RAGE-NOX-4 pathway. HG 
increased proliferation and angiogenesis and decreased 

increasing ROS49. Huang et al94 found that HG led to
lysophosphatidic acid (LPA) synthesis and upregulated 
aerobic glycolysis and VEGF-C production.

HG and cancer prognosis

Li et al64 found the effect of maternally expressed gene
3 (MEG3) binding to miR-483-3p as molecular miR-
NA sponge. Overexpression of miR-483-3p suppressed 
ERp29 expression. HG negatively regulates the expres-
sion of endoplasmic reticulum protein 29 (ERp29) by
inhibiting MEG3. ERp29 regulates the biological func-
tions of carcinoma cells through EMT, which leads to 
a poor prognosis for hepatocellular carcinoma patients
with HG64. In gastric cancer, a poor prognosis was asso-
ciated with the multiplicative interaction of HG and long
non-coding RNA (lncRNA) SNHG853. Yang et al118

found that HG affected the outcome of colorectal cancer 
patients by inhibiting miR-16 expression and the expres-
sion of its downstream genes Myb and VEGFR2.

HG and abnormal molecular expression in cancer 
cells

Liu et al65 found that HG enhanced the expression and 
O-GlcNAcylation of angiomotin (AMOT) and stimulat-
ed nuclear accumulation, transcription activity, interac-
tions with transcription factors and transcription of target 
genes of YAP via AMOT. HG induces overexpression

genes by upregulating HBP and O-GlcNAcylation101. 
HG promotes the Wnt-stimulated formation of a lym-

is associated with acetylase p300 and displaces SIRT1 
-

tion, its nuclear accumulation and transcription activa-
tion119. HG increases expression of inhibitor factor 1 
(IF1), decreases the level of transcriptional coactivator 

synthase dimer stability66. Duan et al88 found that HG
inhibits the expression of MHC class I chain-related pro-
tein A/B (MICA/B), promotes the expression of Bmi1
and weakens the cytotoxicity of natural killer cells in
pancreatic cancer, contributing to immune escape by
inhibiting the AMPK signalling pathway and activating
the AMPK-Bmi1-GATA2-MICA/B axis. Fukami et al95

found that HG induced N-linked glycosylation-mediated 
functional upregulation and overexpression of Cav3.2.
Lee et al120 determined that HG increased transcrip-
tional activity and repressed the methylation of protein 
phosphatase 1 regulatory subunit 3C (PPP1R3C), and 
Briata et al121 found that HG reduced c-myc expression. 
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HG and cancer chemoresistance or radioresistance

HG attenuated 5-fluorouracil (5-FU)–induced tumour 
growth inhibition by decreasing cell death and increas-
ing DNA replication54,75. HG reduced the effect of 
metformin on cancer cell proliferation, cell death and 
cell cycle arrest and lost efficacy in inhibiting the
mTOR pathway50,111. HG inhibited drug-induced p53 
Ser46 phosphorylation, and mutual unbalance between
p53-dependent apoptosis and damage-regulated 
autophagy modulator (DRAM) modified adriamycin
(ADR)-induced cell death76,122. Kwon et al57 found 
that HG-induced overexpressed inositol 1,4,5-trispho-
sphate receptor interacting protein (DANGER) bound 
to the death domain (DD) of death-associated protein
kinase (DAPK) and inhibited ERK/DAPK-induced 
death, which accounted for radioresistance. HG sup-
pressed bromopyruvate uptake and bromopyruvate-
induced cell death by downregulating bromopyruvate 
carrier monocarboxylate transporter 1 (MCT1)77. HG-
induced BCL-6 overexpression abrogated the effect of 
etoposide chemotherapy-induced cell death104. Wang et 
al51 found that HG decreased carcinoma cellular sensi-
tivity to 4-methylumbelliferone (4-MU)-inhibited cell
proliferation. Biernacka et al96 found that HG reduced 
docetaxel-induced cell apoptosis by upregulating insu-
lin-like growth factor binding proteins 2 (IGFBP2). Liu 
et al123 found that HG upregulated side population (SP, 
a key factor contributing to drug resistance) cells medi-
ated by the Akt pathway. Nishiwada et al124 found that 
1% concentration sevoflurane in HG enhanced cell pro-
liferation.

HG and cancer therapy

HG could reduce the sensitivity of cancer cells to doc-
etaxel through a reduction in the expression of IGFBP2;
however, metformin inhibits cell proliferation, reduc-
es cell survival, promotes apoptosis of carcinoma cell
induced by HG through activation of the AMPK/mTOR 
pathway, inhibits STAT3 and its target proteins stimu-
lated by HG and negates the HG-mediated reduction in
sensitivity to docetaxel67,97,102. Resveratrol played an
important role in suppressing HG-driven ROS-induced 
cancer progression by inhibiting the ERK, p38 MAPK,
STAT3, and AKT signalling pathways68,89. Indometha-
cin inhibited HG-induced proliferation and invasion by
upregulating E-cadherin and activating the PI3K/AKT/

90. Curcumin suppressed 
HG-driven EGF-induced invasion and migration by
inhibiting the EGF/EGFR signalling pathway and its
downstream signalling molecules, including ERK and 

Akt91. Aspirin inhibited cell proliferation by modulating 

69. HG increased the cytotox-
icity induced by carboplatin and 5-FU and decreased 
their IC50 because of the synergistic effect of the HG-
mediated reduction in P-glycoprotein (P-gp) levels as 
well as increased drug accumulation, which enhanced 
ROS levels52. 

Conclusion

In summary, HG induced by various signals increases
the risk of cancer. Studies of the role played by HG
in cancer progression and therapy have revealed new 
connections between nutrient utilisation and the tumori-
genic state. As interest in cancer and glucose metabolism
grows, combining therapies of HG inhibitors with other 
modalities may be effective. 
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their interaction4-7. As only a few people exposed to the 
same risk factors suffer from NSCL/P, genetic suscepti-
bility is considered to play a crucial role.

Most genomic variation can be attributed to single
nucleotide polymorphisms (SNPs), which are useful
markers for genetic association studies of disease sus-
ceptibility or adverse drug reactions8. To date, various
genetic approaches have been applied to identify genetic
factors that put individuals at risk of NSCL/P. Initially,
candidate gene association studies were performed to 
test genetic variants in genes relevant to NSCL/P9.
Later, the associations of SNPs in the pathway with
the risk of NSCL/P were investigated using a candidate 
pathway association study approach10. Genome-wide
association studies (GWASs) have since successfully
identified numerous loci associated with NSCL/P11. A 
possible polygenic threshold model of inheritance is
supported by the identification of common genetic risk 
variants for NSCL/P from GWASs and SNP heritability
estimates of around 30%12. All these studies have facili-
tated understanding of the pathogenic mechanisms of 
NSCL/P and improved clinical management of patients.
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Exploration of Genetic Variants of Non-syndromic Cleft Lip
with or without Palate and Underlying Mechanisms
Yong Chu PAN1,2,3#, Lan MA1,4#, Shu LOU1,2, Gui Rong ZHU1,2, Xin YU1,2, Lin WANG1,2,3

Non-syndromic cleft lip with/without cleft palate (NSCL/P) is one of the most common birth 
defects in humans with an overall prevalence of one per 1000 live births. Due to genetic and 
environmental influences, the fusion of the lips or palate may be interrupted at any stage and 
cause a cleft. Over decades, dozens of susceptible genes and loci have been identified using 
multiple genetic approaches. Our group has collected samples of NSCL/P patients since 2008
and established the biobank. We discovered numerous susceptible loci related to the occur-rr
rence of NSCL/P in the Chinese population, such as 16p13.3, 1q32.2, 10q25.3 and 17p13.1. 
In addition, we performed functional studies on related loci and genes by using molecular 
biology, cell biology, animal models and other methods to provide a basis for the construction 
of the NSCL/P genetic map in the Chinese population and help to implement individualised 
prophylaxis and treatment. Future efforts will focus on identifying functional variants, inves-
tigating pathways and other interactions, and including phenotypic and ethnic diversity in 
research.

Key words: cleft lip, cleft palate, craniofacial abnormalities, genetics
Chin J Dent Res 2022;25(1):21–27; doi: 10.3290/j.cjdr.b2752691

Non-syndromic cleft lip with or without cleft palate
(NSCL/P) is a common human birth defect characterised 
by craniofacial abnormality due to incomplete separ-
ation between the nasal and oral cavities1. Its prevalence 
ranges from 1/700 to 1/1000, depending on ethnicity and 
geographical area2,3. Common risk factors for NSCL/P 
include genetic risk factors, environmental exposure and 
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The present review summarises the approaches to,
advances in and future prospects for genetic variant 
discovery and functional interpretation. We then com-
plement our description with examples from suscepti-
bility loci identified in our study where the use of these 
approaches has advanced our biological understanding
of NSCL/P. In addition, we assess the extensive genetic,
molecular and cell biological evidence that have impli-
cations for studies on NSCL/P.

Candidate gene association studies in NSCL/P 

Candidate gene association studies have proven to be an
effective approach in genetic association studies based 
on case-control populations to identify risk variants
involved in specific diseases, which have the advantages 
of being cheap and easy to implement quickly13. These
studies on NSCL/P always begin with selection of a 
putative candidate gene, which could play a critical role
in the development of cleft lip and palate under inves-
tigation14. To date, there is a large amount of literature
and experimental and sequencing data that can be used 
to can be used to identify candidate genes for NSCL/P.
For example, p63 as a Wnt signalling target was found to
be involved in midfacial development in mice15. FOXE1
mutations were detected to be associated with Bamforth-
Lazarus syndrome, characterised by thyroid dysgenesis 
and cleft lip16. To explore the functional significance
and potential association trait of the candidate genes
of NSCL/P further, selection of a putative candidate 
gene was followed by evaluating and screening poly-
morphisms, usually the representative SNPs called tag-
ging SNPs17 or/and functional SNPs, which affect gene 
transcription. Finally, the selected SNPs were genotyped 
in the experimental population, including cases and con-
trols, to make an association analysis between SNPs and 
the risk of NSCL/P.

Thus far, candidate gene association studies have
successfully identified a group of specific variants and 
genes that may lead to the development of NSCL/P18-21. 
In recent years, our group has also carried out candidate 
gene association studies to identify additional SNPs that 
pose risks and evaluated their potential as biomarkers
in the future.

IRF6

The first genetic variant associated with NSCL/P was
either valine or isoleucine at amino acid position 274
(V274I) located in IRF69. IRF6 has been reported to be
involved in Van der Woude syndrome, accompanied by
the occurrence of CLP or deformity of the lower lip22. 

Zucchero et al9 carried out transmission-disequilibrium
testing (TDT) and case-control analyses in 8003 indi-
viduals from 1968 multiethnic families and detected that 
V274I in IRF6 was the risk genetic variation related to 
NSCL/P. In 2010, our group also genotyped polymorph-
isms in IRF6 and evaluated their associations with
NSCL/P in a Chinese Han population23. We determined 
that rs2235371 and rs642961, which regulated levels of 
IRF6 mRNA and protein, significantly affect the suscep-
tibility of NSCL/P.

MSX1

MSX1 is regionally expressed in the early critical
stage of craniofacial development and participates
in craniofacial and nervous system development as a
transcriptional suppressor24. In addition, Msx1-defi-
cient transgenic mice have been found to show general
craniofacial deformity, including cleft palate, alveolar 
bone abnormalities and dental dysplasia25. Ma et al26

selected four functional SNPs in MSX1, which were 
-

ated their susceptibility to NSCL/P among 602 cases and 
605 healthy controls from a Chinese Han population.

related to the development of NSCL/P by affecting the 
binding of miR-3649 to MSX126.

MYH9

MYH9 has been reported to play an important role in 
the development of palatal fusion27. MYH9 is a can-
didate gene and it is therefore worth exploring which 
SNPs on it are associated with the risk of NSCL/P and 
how these sites regulate gene expression to cause the
disease; thus, we selected independent functional SNPs 

SNP database and HapMap Project database. We made
a further biological functional prediction for these sites
and four SNPs were included. Through the two-stage 
population sample verification, including 1275 cases
and 1295 controls, followed by a series of functional 
experiments, rs12107 in the 3’UTR and rs2269529 in 
the exon region were identified to be related to NSCL/P 
by upregulating expression of MYH928.

Candidate pathway association studies in NSCL/P

The biological processes that occur during the devel-
opment of human embryos are carried out by several
pathways in a tightly regulatory manner. At the pheno-
typic level, dysregulation of these processes could lead 
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to malformations during the early embryonic develop-
ment, such as NSCL/P6,29. Diverse signalling cues and 
attendant proteins work together during closure of the lip
and growth of the palatal shelves across embryogenesis, 

-
ways (Fig 1)10,30-32. Pathway studies have been based 
on the association analysis between tag SNPs and the
risk of NSCL/P defining SNPs related to NSCL/P on
pathway genes.

WNT pathway

Vijayan et al33 performed an association analysis based 
on 20 SNPs on WNT pathway genes in 471 individ-
uals with NSCL/P and 504 unrelated control individ-
uals of Caucasian ethnicity, and a significant association
was found between GSK3B rs13314595 genotypes and 
NSCL/P. This study was the first to show the associ-
ation between GSK3B and NSCL/P and confirmed the
role of additional WNT pathway genes as candidates for 
NSCL/P33.

Epidermal growth factor receptor (EGFR) pathway

EGFR was reported to regulate cell migration in the 
embryonic developmental phase34,35, which was closely 
related to the development of craniofacial structure36. 
Our group has conducted an in-depth exploration of 
genetic variation in biological pathways37. Li et al37

selected a superpathway of endocytic trafficking of 
EGFR and investigated the associations of SNPs in the 

pathway with the risk of NSCL/P. The study suggested 
that the genetic variants of SHTN1, AP2B1 and NTRK1 
in the investigated superpathway showed statistical evi-
dence for association with the risk of NSCL/P37.

Autophagy pathway

In addition to selecting pathways that have been reported 
to be significantly related to lip and palate development, 
we also selected pathways related to other diseases and 
that are involved in early embryonic development for in-
depth research. As a conserved lysosomal degradation 
process in eukaryotes, autophagy protects cells from 
different kinds of stress, such as starvation, hypoxia 
or exposure to toxic molecules38. In the early develop-
ment stage, autophagy has been shown to be essential
in the transition of oocytes to embryos, postpartum sur-
vival, development, differentiation and ageing in mouse
models39. Lou et al40 conducted a two-stage case-control
study with 2027 NSCL/P cases and 1843 controls to
explore associations between genetic variants in the
autophagy pathway and the risk of NSCL/P, and found 
that rs2301104 in the autophagy pathway gene HIF1A 
was associated with susceptibility to NSCL/P. Moreover,
the authors explored the functional roles of the SNP 
and the gene through in vivo and in vitro experiments 
and found that the risk allele of rs2301104 reduced the 
enhancer activity and expression of HIF1A, and also 
that knockdown of HIF1A affected cell functions, which
may increase susceptibility to NSCL/P40.

Fig 1  Main molecular
pathways involved in
NSCL/P. Susceptibility 
genes in NSCL/P affect 
different signalling path-
ways, including WNT,
TGF , BMP, and FGF sig-
nalling pathway.
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GWAS of NSCL/P

GWASs are dedicated to detecting the associations
between SNPs and complex traits and diseases in sam-
ples among populations41. An increasing number of 
SNPs have been reported to participate in the develop-
ment of traits and diseases since the first GWAS for 
age-related macular degeneration (AMD) was published 
in 200542.

To date, the National Human Genome Research
Institute (NHGRI) Catalog43 of published GWASs
has identified 15 studies (Table 1)12,44-57 including 
101 newly discovered SNPs relevant to NSCL/P with
P < 5 × 10-8. In 2009, Birnbaum et al44 conducted the 
first NSCL/P GWAS on a cohort of the European popu-

lation and provided evidence that 8q24.21 (rs987525), 
which lay in a gene desert, was a major susceptibility 
locus for NSCL/P. Several other GWAS around this 
time also identified important loci45-49. In 2015, our 
group conducted the first NSCL/P GWAS in a Chinese
population, followed by two stages of replication. 
There were 2577 cases and 3193 controls in total. We 
identified 16p13.3 (rs8049367 between CREBBP and 
ADCY9) as a new susceptible locus for NSCL/P and 
confirmed that the reported loci at 1q32.2, 10q25.3, 
17p13.1 and 20q12 were effectual50. Then, a 2017
GWAS and meta-analysis on the Chinese population
linked both previously known and novel SNPs and 
genes with NSCL/P52.

Table 1  GWASs identified newly discovered SNPs associated with NSCL/P.

PMID Newly discovered SNPs with P < 5 × 10-8 Population Study

19270707 rs987525 European Birnbaum et al44

19656524 rs17085106 European Grant et al45

20023658 rs227731 rs7078160 European Mangold et al46

20436469 rs10863790 European Beaty et al47

21618603 rs2294426 European Beaty et al48

22863734
rs560426 rs8001641 rs7632427 rs861020

European Ludwig et al49
rs13041247 rs742071 rs7590268 rs12543318

25775280 rs2235371 rs8049367 rs4791774 Chinese Sun et al50

28054174

rs9439714 rs72728734 rs12944377 rs1588366

Asian 
European 
Latino or African

Leslie et al51

rs66515264 rs6540559 rs9911652 rs6029258
rs3789432 rs12070337 rs55658222 rs75477785
rs9439713 rs6072081 rs10886040 rs11841646
rs7566780 rs76479869 rs11072494 rs1109430
rs17242358 rs1234719

28087736 rs6740960 rs4901118 rs3746101
European
Asian

Ludwig et al12

28232668

rs7552 rs2064163 rs12229654 rs11066150

Chinese 
European 
Asian

Yu et al52

rs481931 rs6585429 rs2304269 rs957448
rs10512248 rs2872615 rs287982 rs9381107
rs12681366 rs12229892 rs6495117 rs2283487
rs1907989 rs13317 rs908822 rs7871395
rs3741442 rs705704 rs9545308 rs7148069
rs1243572 rs2289187 rs1838105 rs6129653
rs2006771 rs78212183 rs10462065 rs7017252

30067744 rs255877 rs2522825 European Howe et al53

30277614 rs72804706

African 
Asian 
Latin American
North American

Carlson et al54

30452639 rs80004662 rs113691307 African Butali et al55

31609978

rs12405750 rs17820943 rs730570 rs765366

Chinese Huang et al56
rs4752028 rs57700751 rs625882 rs116910459
rs730643 rs698406 rs1009136 rs3468
rs4646211 rs8061677 rs78669990 rs72741048
rs72688980 rs6791526

32373937 rs8071332 rs8076457 rs1215465 rs3138512 European Dardani et al57
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As the lip formation processes differ from those for 
the palate, as do their respective causes and risk factors,
Huang et al56 aimed to dissect the risk factors underly-
ing the pathogenesis of cleft lip only (CLO) and cleft 
palate only (CPO) using 6986 cases and 10,165 con-
trols. A total of 18 genes/loci were responsible for sub-
types, including nine for CPO, seven for CLO and two 
for both conditions. Interestingly, an opposite effect of 
the genetic variants was observed in the IRF6 gene for 
CPO and CLO. The latest GWAS of NSCL/P not only
performed a meta-analysis, but also sought to evaluate 
the causal effects of genetic liability to NSCL/P on
educational attainment and intelligence57.

GWAS offers great advantages in identifying novel
variant–trait associations which lead to the discovery of 
novel biological mechanisms and provide insight into
ethnic variation of complex traits58; however, GWAS 
cannot necessarily specify which variant at a locus is
the ‘causal variant’ and identify all genetic determinants 
of complex traits59. Thus, post-GWAS strategies have
been proposed to identify the causal variants and under-
stand their biological consequences.

Hah et al60 conducted a targeted sequencing study 
of 13 NSCL/P GWAS loci in 1409 trios from European
and Asian ancestries and found that rs227727 near the 
NOG gene disrupted enhancer activity, a mutation in 
PAX7 disrupted the DNA binding of the encoded TF 
in vitro and another mutation disrupted the activity of 
a neural crest enhancer downstream of FGFR2 both
in vitro and in vivo. In our study, rs2262251 (G>C) in 
lncRNA RP11 462G12.2 was in high linkage disequi-
librium (LD) with rs8049367, which was identified 
in our previous GWAS on NSCL/P. Through a series 
of experiments, we found rs2262251 was involved in
the RP11 462G12.2-miR 744 5p-IQSEC2 regulatory 
axis to affect NSCL/P development61. The functional
consequences illustrated an SNP in lncRNA leading 
to NSCL/P and also proved that lncRNA, miRNA and 
genes constituted a complicated and coordinative regu-
latory network.

Conclusion and future perspectives

The past decades have seen a series of remarkable dis-
coveries in human genetic variants related to NSCL/P 
through genes, pathways and GWAS strategies. The
future of NSCL/P research is likely to be characterised 
by three aspects. The first challenge is to understand the 
functional consequences of these SNPs and to accurately 
elucidate the biological mechanism in the ‘post-GWAS’
era62. Second, next-generation sequencing (NGS)
efforts are necessary to uncover rare variants that play

an important role in NSCL/P41. Third, the combination
of whole-genome surveys of genetic variation and mul-
tiomics data will show significant value for making new 
fundamental discoveries in human genetics58. 
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it with bioinert materials1; however, due to the loss of 
vitality, the repaired tooth is often prone to postoperative
fracture and repeated infection2. Endodontic regener-
ation, based on modern tissue engineering, is expected 
to become an alternative strategy to restore the structure
and function of dental pulp1. Among the three essential
elements in tissue engineering, namely stem cells, scaf-ff
folds and growth factors, scaffolds serve as an artificial 
extracellular matrix (ECM), which is critical to support 
the proliferation and differentiation of stem cells1. A 
scaffold can also incorporate biomolecules or drugs and 
control the release profile, which can further regulate
stem cells and their microenvironment.

In general, pulp regeneration scaffolds, like other 
scaffolds for tissue regeneration, should adhere to the
following principles: good biocompatibility, biosafety, 
biodegradability, mechanical stability, favourable cell
microenvironment and appropriate biochemical and 
biophysical clues. For endodontic regeneration, due to
the unique dental anatomy, the selection and design of 
the scaffold must strive for pertinency and practicability
to meet the specific requirements. Regarding the irregu-
lar and complex root canal system, the ideal scaffold 
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Microspheres and their Potential in Endodontic Regeneration
Application
Ting YANG1,2,3, Li XIE1,2,3, Rui Tao ZHANG1,2,3, Wei Dong TIAN1,2,3

Microspheres have been widely utilised as versatile carriers in biomedical applications. In
recent years, as a new type of injectable scaffold, microspheres have attracted increasing 
attention in the field of regenerative medicine owing to their various advantages including 
their small size, large specific surface area and mimicry of the 3D native environment. These 
characteristics enable them to adopt the narrow and irregular anatomy of the tooth and 
become an ideal scaffold for endodontic regeneration. Microspheres play an important role in
carrying biologics (cells, biomolecules and drugs), which effectively regulate the fate of stem
cells and control the release of growth factors and drugs. Cell-laden microspheres, which can
be divided into microcarriers and microcapsules, have great application prospects in dental 
pulp regeneration. This paper summarises the properties and characteristics of microsphere
scaffolds used in tissue engineering, placing emphasis on their advantages and applications
in endodontic regeneration.

Key words: dental pulp, endodontic regeneration, microcapsules, microcarriers, micro-
spheres
Chin J Dent Res 2022;25(1):29–36; doi: 10.3290/j.cjdr.b2752709

Dental pulpitis and periapical periodontitis are common 
diseases in stomatology. The conventional treatment,
root canal therapy, involves removing the infected den-
tal pulp completely, cleaning the root canal and filling
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needs to fill the irregular pulp cavity and support cells
in differentiating within, whereas the pulp cavity only
communicates with the periapical tissue through the 
apical aperture (~ 1 mm). Thus, the injectable scaffold 
is considered more appealing for endodontic regener-
ation and further clinical transformation3. At present,
the commonly used injectable scaffolds for endodontic
engineering are mainly divided into two categories:
hydrogel and microspheres3. Hydrogel scaffolds for 
endodontic regeneration have been examined in many 
published reviews4,5. Polymer microspheres, however,
are a new type of injectable scaffold and have shown 
great application prospects after being introduced in 
the field of pulp regeneration, which has not yet been
reviewed. This review therefore aims to summarise the
current advances in microsphere scaffolds in research
into endodontic regeneration.

Overview of microspheres for tissue engineering

Microsphere technology for animal cell culture was first 
used in 1967 and has gradually matured and been used 
widely in many biomedical fields such as cell trans-
plantation, drug delivery and biomolecule production6. 
The present review focuses mainly on cell-based micro-
spheres for endodontic regeneration. Microspheres are 
generally spherical polymerised networks prepared 
from biomaterials using physical or chemical methods,

7 and espe-
8. They include microcarriers, in

which cells are directly integrated with microspheres, 
and microcapsules, in which cells are encapsulated 
within microspheres9. As a microcarrier used for cell
culture, a larger specific area can provide more support 
for cells, which is conducive to adhesion and prolif-ff
eration; however, due to the limitation of oxygen dif-ff
fusion, microcapsules used for cell delivery are usually

internal cell apoptosis whereas small ones carry fewer 
cells and are even internalised by cells10. Recently, a 
variety of biomaterials has been developed to fabricate
microspheres. The selected materials and their degra-
dation products must be non-toxic and induce limited 
inflammatory or immune responses after transplantation
in vivo. More importantly, the materials must be able
to form microspheres quickly and easily, so only poly-
mers with crosslinkable functional groups or partially
modified by crosslinkable moieties are suitable choic-
es. The selected materials should be made into micro-
spheres from the precursor solution using the appropri-
ate techniques. Generally, microcarriers are preformed, 
thus reducing any direct adverse effects on cells during

preparation. Common preparation techniques include
solvent evaporation (single or double emulsion), emul-
sion polymerisation, spray drying and phase inversion
microencapsulation11-14; however, microcapsules are 
prepared directly from a suspension formed by mix-
ing cross-linkable polymer and cells to microspheres,
with cells encapsulated inside the microspheres. Usu-
ally, the preparation method needs to be mild, such as
electrostatic droplets, microfluidic technique and 3D
printing15-17, to reduce damage to the cells during the
preparation process.

Microspheres offer several advantages for stem cells
in tissue regeneration: their spherical structure provides 
cells with a 3D microenvironment simulating natural
extracellular matrix, which is more conducive to main-
taining their function and phenotype than two-dimen-
sional monolayer culture18; their small size and large 
specific surface area allow rapid diffusion of oxygen, 
nutrients and metabolites7,9; they support cell attach-
ment, proliferation and differentiation in vitro, which
further enhance cell viability and tissue regeneration
after cell transplantation to the target defect site3,11; 
and microsphere scaffolds could protect the delivered 
stem cells, reduce shear stress injury during injection 
and prevent the immune system from being attacked19. 
They have performed excellently in a wide range of tis-
sue engineering and regeneration medicine applications, 
such as bone and cartilage, vascular and cardiac9,20. It 
is imperative to comprehensively consider the charac-
teristics of the repaired tissue, the inherent bioactivity 
of the material, the appropriateness of the fabrication 
technique and the types of delivery cells to overcome
the difficulties of regenerating specific tissue21. 

Application of microspheres in endodontic regener-
ation

Dental pulp is a kind of connective tissue that is rich
in blood vessels and nerves, surrounded by hard den-
tine and connected with periapical tissue through a nar-
row apical foramen22. The lack of effective collateral
circulation means that once the dental pulp becomes 
infected, the necrotic pulp cannot be reversed and must 
be removed completely. Recently, strategies for pulp 
regeneration have focused mainly on cell sheets and 
cell-laden hydrogels, whereas microsphere scaffolds are 
relatively few. Cell sheets can form an abundant extra-
cellular matrix without the support of scaffolds but are 
difficult to transport into the narrow root canal system
directly23,24. Hydrogel is also widely used as a scaffold 
for endodontic regeneration owing to its injectability 
and simulation of the extracellular matrix; however,
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crosslinked hydrogel bulk restricts the rapid diffusion of 
oxygen and nutrients. Microsphere scaffolds therefore 
offer unique advantages in application for endodontic 
regeneration25,26. First, their small size allows them to 
be injected into narrow and irregular root canals9; sec-
ond, their small volume supports the rapid diffusion of 
oxygen and nutrients, which is conducive to the survival 
of transplanted stem cells in the early ischemic environ-
ment of the root canal system7,9; and third, they allow
cells to adhere and proliferate in vitro for a period of time
to form microtissues, which can enhance their vitality
and function in this bionic 3D microenvironment3,19,27.
A schematic illustration of cell-laden microspheres
applied in endodontic regeneration is presented in Fig 1.

Most microspheres used in endodontic regeneration 
are loaded with cells for in vitro cell culture and in
vivo cell delivery9, and others have been encapsulated 
with various effective components for related research
application, such as pulp capping, apexification and 
root canal disinfection.

Application for dentine and pulp tissue engineering

Microspheres can be classified as microcarriers and 
microcapsules according to their different cell-laden
delivery applications9. Microcarriers are usually pre-
formed into large amounts of tiny particles, then cells
are loaded on their surfaces, whereas microcapsules are

prepared by mixing crosslinkable polymers with cells to
encapsulate cells within them.

Microcarriers

Conventional polymer microcarriers are solid spheres
with a smooth surface where cells can attach and grow.
Microcarriers offer cells a microsized 3D platform that 
is conducive to cell connection and substance exchange 
compared with the conventional two-dimensional cul-
ture. Combined with a bioreactor mimicking biological
environments in vitro, microcarriers can accelerate
cell proliferation and differentiation28. Bhuptani and 
Patravale28 used a double emulsion solvent extraction
technique to prepare interconnected porous poly(lactic-
co-glycolic acid) (PLGA) microspheres with a particle

a favourable microenvironment for human dental pulp
stem cells (hDPSCs) to support cell adhesion, prolif-ff
eration and survival28. Zou et al29 also applied a dou-
ble emulsion solvent extraction technique to fabricate
PLGA microspheres with diameters of around 150 to

odontogenic differentiation. Due to their hydrophobic-
ity and the lack of cell adhesion moieties of synthetic
material, PLGA microspheres were coated with type I
collagen to improve their surface bioactivity; this sur-

Fig 1  Schematic illustration of micro-
spheres used for pulp regeneration.
Microspheres can be classified as micro-
carriers or microcapsules according to
their different cell-laden delivery applica-
tions. Microcarriers are usually preformed 
into large amounts of tiny particles, and 
then cells are loaded on their surfaces. In 
contrast, microcapsules are prepared by
mixing crosslinkable polymers with cells
to encapsulate cells within them. 
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face modification enhanced cell adhesion, proliferation
and odontogenic differentiation29. Garzón et al30 utilised 
self-assembled technology and the solvent evaporation 
technique to prepare poly(L-lactic acid)-block-poly(L-
lysine) (PLLA) into two kinds of microspheres with dif-ff
ferent surfaces, fibrous and smooth. Both offered good 
biocompatibility, biosafety and odontogenic potential
and could form bioactive injectable aggregates that 
promoted dentine regeneration in both in vitro and in 
vivo models; however, fibrous microspheres presented 
advantages in supporting cell adhesion and spreading,
expressing collagen type I and promoting microsphere
degradation, which may be related to the biomimetic
structure of collagen fibres30. Kuang et al12 used self-
assembly and thermally induced phase separation tech-
niques to prepare PLLA nanofibrous spongy micro-

biomimetic nanofibrous architecture (160 nm) and an

hDPSCs could adhere to the outer surface and inner 
pores. In comparison to nanofibrous microspheres and 
smooth microspheres, nanofibrous spongy microspheres
further promoted cell adhesion, proliferation and differ-
entiation, and their degradation was also faster, showing
great potential for dentine–pulp complex regeneration12. 
Then, they further induced cell differentiation into blood 
vessels by 3D hypoxic-primed culture of the cell-laden 
microspheres and found that expression of vascular 
endothelial growth factor (VEGF) of hDPSCs could 
be promoted and pulp-like tissue with rich vasculature
could be regenerated in situ after injection into the pulp 
cavity of rat teeth12. Wang et al31 used thermally-induced 
phase separation and emulsification methods to fabricate 
PLLA nanofibrous microspheres carrying human stem
cells from the apical papilla (SCAP), and PLGA micro-
spheres with controlled release of bone morphogenetic 
protein-2 (BMP-2). The addition of BMP-2 enhanced 
the odontoblast differentiation of human SCAP whether 
it was cultured in a monolayer or seeded on nanofibrous 
microspheres in a spinner flask31. This demonstrated that 
sustained release of BMP-2 from PLGA microspheres
enhanced the odontogenic differentiation of SCAP to 
regenerate dental tissue31. Li et al27 designed a hierarchi-
cal nanofibrous microsphere in which heparin, binding
with vascular endothelial growth factor (VEGF), was 
conjugated onto a gelatine nanosphere, then fixed in 
injectable PLLA nanofibrous microspheres. The micro-
spheres controlled the release of growth factors for over 
4 weeks to promote the migration of human umbili-
cal vein endothelial cells and simulate the structure of 
the extracellular matrix to support the proliferation of 
DPSCs27. The potential of these microspheres in dental

pulp regeneration has been verified after being applied 
to full-length root canals with one end sealed in vivo27. 
Manaspon et al14 used a combination of the water-in-oil
emulsion technique and EDC/NHS crosslinking to fab-
ricate fibrinogen and thrombin-crosslinked fibrinogen 

did not alter the cell viability of the hDPSCs, but throm-
bin-crosslinked fibrinogen microspheres had an advan-
tage over the fibrinogen microspheres in promoting cell
attachment and spreading14; however, their biological 
effects in promoting odontoblastic/osteogenic differen-
tiation and their potential for pulp regeneration in vivo
need to be investigated further.

Most of the abovementioned microcarriers are made
from synthetic materials, except fibrinogen micro-
spheres that are natural materials. Natural materials
offer good biocompatibility and degradability4, but their 
applications are restricted by limited sources, batch 
variability and potential pathogen transmission32. In
contrast, synthetic materials possess good plasticity and 
reduce the risk of carrying pathogens with natural ma-
terials. However, most synthetic materials are restricted 
by limited biological cues and difficulty of degradation, 
and PLLA and PLGA are no exception. Although they
offer good biocompatibility and biodegradability, they 
still need to improve cell adhesion with surface modi-
fication due to the lack of biological cues. In addition,
their degradation problem is more obvious due to the
closed root canal and insufficient blood supply30. It is 
therefore necessary to adjust the degradation through 
appropriate material composition and structure design. 
For example, nanofibrous spongy microspheres degrade 
faster than nanofibrous microspheres despite having
been prepared from PLLA. Synthetic materials often 
have adjustable physical and chemical properties, but 
their degradation products need to be evaluated for 
cytotoxicity.

Microcapsules

In contrast with prefabricated microcarriers where cells
are seeded after preparation, microcapsules can wrap
cells together during preparation, providing the latter 
with a 3D environment that resembles natural tissues20. 
Hydrogel is a kind of crosslinked hydrophilic polymer 
network that has mechanical properties similar to many 
soft tissues. Due to its rheological property, degradabil-
ity and simulation of the natural extracellular matrix, it is 
widely used as a substrate for cell culture, a scaffold for 
tissue engineering and a carrier for the delivery of bio-
logics25. Although injectable hydrogel can be injected 
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into the defect location in a minimally invasive manner,
cell interactions are limited in the process of hydrogel
formation. Moreover, microspheres with larger specific 
surface areas provide more cell anchoring sites than 
bulk hydrogels. Thus, instead of the conventional form 
of hydrogel crosslinking into clusters, hydrogel micro-
spheres combine the advantages of hydrogel matrix and 
microspheres7 and are easy to transport to small-sized 
defect locations.

Our team took the lead in introducing hydrogel 
microspheres into endodontic regeneration. We pre-
pared arginine-glycine-aspartic acid (RGD)-alginate-
based hydrogel microcapsules using the electrostatic
microdroplet method. These microspheres encapsulate
and deliver hDPSCs, load and slowly release VEGF 
and form more blood vessels and new tissues in 
in vivo experiments26. This multifunctional hydrogel 
microsphere loaded with cells and biomolecules is an 
instructive scaffold strategy in vascularised endodontic
regeneration. Unfortunately, the alginate material did 
not support cell spreading even after RGD modifica-
tion, and some of the material remained undegraded 
after transplantation in vivo for 1 month. We therefore 
prepared hydrogel microspheres using photocrosslinked 
gelatine methacryloyl (GelMA), which offers excellent 
bioactivity and biodegradability, instead of alginate to 
improve its performance in cell adhesion and degrad-
ation. GelMA microspheres support hDPSC spreading,
proliferation and ECM protein secretion and finally 
form a microtissue. In addition, hDPSC-laden GelMA 
microspheres can withstand cryopreservation, which
supports their future clinical transformation. hDPSC-
laden GelMA microspheres showed better degradabil-
ity and new pulp–dental tissue generation than GelMA 
hydrogel bulk in vivo, possessing great potential for 
endodontic regeneration and transformation applica-
tions33.

Hydrogel microcapsules prepared using the electro-
static microdroplet method have normal particle size
distribution; other fabrication methods, such as micro-
fluidic and 3D bioprinting technology, could control the
particle size more accurately and form monodispersed 
phase microspheres. Taking the complex structure 
and function of dental pulp into account, cell-laden
microcapsules need to be improved further to achieve
functional pulp tissue regeneration. For instance, micro-
spheres carrying oxygen-releasing components could 
improve the oxygen supply to maintain the survival of 
cells in the early ischemic environment34, and the deliv-
ery of bioactive factors could endow microspheres with
the function of angiogenesis and nerve promotion26,27. 
A summary of microspheres applied in endodontic re-

generation can be found in Supplemental Table 1 (pro-
vided on request).

Other related applications for endodontic regeneration

Microspheres laden with protein, inorganics and anti-
biotics are effective methods to deliver these biomol-
ecules to the target location. They can not only prevent 
the biomolecules from being eliminated directly by the
immune response, but also prolong the retention of bio-
molecules and avoid the toxic impacts and side effects 
of burst release on the surrounding cells.

Incorporate biomolecules in pulp capping

A variety of microspheres loaded with biomolecules 
have been used for pulp capping, including natural ma-
terials such as fibrinogen and hydroxyapatite, and syn-
thetic materials such as poly(ethylene)glycol and PLGA. 
These microcarriers are used to bind biomolecules that 
facilitate odontoblastic/osteogenic differentiation, such 
as calcium hydroxide (CH), dexamethasone, prosta-
glandin E and immobilised Jagged1. Due to their small 
size and sustained release of biomolecules, these micro-
spheres promote odontoblastic/osteogenic differentia-
tion of hDPSCs14,35-37. In addition to promoting dentine
bridge formation, microspheres for pulp capping can 
also carry other effective bioactive factors that promote 
blood vessel formation, control inflammation and per-
form other functions38-41. 

Release biomolecules for apexification

Sustained release of biomolecules could be achieved 
through electrostatic adsorption, physical restriction,
material degradation and other methods to better pro-
mote tissue regeneration. CH is also widely used as an 
intracanal medicament for apexification. Cerda-Cris-
terna et al42 prepared CH-PLGA microspheres using 
oil-in-water and oil-in-oil/oil-in-water emulsion solvent 
evaporation techniques with a diameter of approximate-

release Ca2+ in a sustained manner for up to 30 days; 
this is better than CH paste which releases it completely
in 6 days, thus continuously inducing mineral tissue for-
mation and apical closure42. Strom et al43 prepared CH 
microspheres surrounded with an alginate shell using
an emulsion method. These core–shell structure micro-
spheres, ranging from 75 to 150 μm, can release Ca2+

and OH- in a sustained manner in the root canal for up 
to 6 months, which should reduce the number of visits 
required for apexification43. 
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Deliver drugs for sterilisation

Using microspheres to carry antibiotics or anti-inflam-
matory drugs can support the sustained release of 
drugs in root canals, which is conducive to creating a 
microenvironment required for pulp regeneration in the
infected root canals. Dornelles et al44 and Cuppini et al45

introduced amoxicillin-loaded microspheres into endo-
dontic sealer, which did not affect the physicochemical
properties and biocompatibility and possessed antibac-
terial activity against endodontic bacteria. Appropriate 
use of antibiotics in endodontic regeneration requires
not only disinfection of root canals, but also reduction 
of adverse effects on stem cells2. Parhizkar et al46 devel-
oped PLGA-coated ceramic microparticles as a drug
delivery system for endodontic application in which
new triple antibiotics were loaded in the PLGA coating.
These drug-loaded microspheres demonstrate bioactiv-
ity and biocompatibility and release antibiotics for up to 
3 weeks against root canal microorganisms46. 

Summary and prospects

Endodontic regeneration involves not only regeneration
of structure, but also restoration of function. Dental pulp 
is a kind of special connective tissue composed of vari-
ous cells with special functions such as dentinogenesis, 
nutrition supply and sensory function. The cell-laden
microspheres used in pulp tissue engineering can form
pulp-like tissue to a certain extent, with blood vessels
and dentine formation, and even achieve full-length re-
generation in the root canal; however, their functional
restoration remains to be verified further. On the one
hand, the new tissue needs to integrate with the host 
tissue, particularly the early reconstruction of the vascu-
lar network to maintain sufficient oxygen and nutrition. 
This is key to maintaining the long-term survival of stem
cells after transplantation, especially in the ischemic 
microenvironment of the root canal. On the other hand, 
the sensory function of the new tissue can be restored 
and the vital pulp can play a defensive and protective
role; this needs to be verified through preclinical animal 
experiments and clinical trials. The microspheres are 
endowed with the microenvironment induced by angi-
ogenesis and neurogenesis, which is conducive to the 
realisation of multifunctional microspheres to restore 
the complex tissue structure and function of dental pulp.

Although the application of microspheres for endo-
dontic regeneration has achieved preliminary results,
there are still some limitations based on current 
research. For example, the degradation of the material
should match the rate of tissue regeneration; otherwise,

the material residues will occupy part of the space and 
impede complete regeneration of the pulp. This prob-
lem can be avoided by choosing materials with better 
biodegradability or by changing the concentration,
composition and structure of microspheres. In addition,
due to the limited volume of the root canal system,
the cell density within the microsphere must be con-
sidered to provide sufficient stem cells for endodontic
regeneration. Microspheres can be cultured in vitro for 
a period of time before implantation to achieve cell
proliferation, and they are not only for cell delivery,
but also serve as bioinduced scaffolds for microtissue
formation; however, the relationship between culture
time and microtissue formation remains to be explored 
further. Moreover, in the process of promoting clinical
transformation, large-scale, repeatable, low-cost and 
efficient manufacturing technology and safe and effec-
tive storage technology still need to be explored.

For endodontic regeneration, the microsphere scaf-ff
fold should support cell adhesion and proliferation in 
vitro, protect cells from stress during injection and 
provide a good microenvironment for cell differenti-
ation in vivo47. Through the design of the microsphere 
scaffold, the biocompatibility and material degradation
rate can be adjusted to maximise the function of stem
cells and achieve endodontic regeneration. In addition 
to carrying cells, microspheres could encapsulate other 
biomolecules such as growth factors and drugs to fur-
ther extend the functions of microspheres, introducing
selective cues that support the desired cellular responses
and improving the local microenvironment. In conclu-
sion, microspheres are versatile and practical carriers
that display great potential in endodontic regeneration
for clinical applications.
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defects, which not only affect chewing and speaking
but also have negative impacts on social life and mental 
health due to changes in appearance. Mandibular recon-
struction is therefore crucial to improving patients’ qual-
ity of life1.

Bell2 stated that the ideal conditions for bone trans-
plantation should include stimulation of bone regen-
eration and replacement of lost bone tissue with new
bone; no antigenic effect; the ability to rapidly regener-
ate blood vessels and establish blood circulation with
the surrounding tissues; and the ability for the grafts
to combine with the surrounding mandibular blocks.
Autogenous bone transplantation is a suitable choice.
Since Taylor et al3 began to carry out ilium transplan-
tation with deep circumflex iliac vessels in 1979, the
combination of a vascularised bone flap and titanium
plates in rigid internal fixation has become the gold 
standard for mandibular reconstruction. Among the dif-ff
ferent kinds of grafts, the fibula and ilium are widely 
used in mandibular reconstruction4. In most cases, the
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Accuracy of Mandibular Reconstruction with a Vascularised
Iliac Flap Using 3D Templates: a Systematic Review
Ting Wei LU1, Wan Tao CHEN1, Tong JI1

Objective: To conduct a systemic review for guidance regarding the application of templates
in mandibular reconstruction with vascularised iliac flaps.
Methods: By searching PubMed, EMBASE and the Cochrane Library and collecting relevant 
literature, information about the types and accuracy of templates was extracted. Data relating 
to surgical time were also included for further analysis.
Results: Eight studies were included. The data analysis showed that the accuracy of opera-
tions with templates was higher than that of conventional surgery. The mean deviation was
between 0.70 and 3.72 mm. The operational time was shortened to 314.4 minutes and the graft 
ischemic time was reduced to 15.6 to 26.8 minutes. Application of functional or specifically
designed templates can improve the accuracy and shorten surgical time.
Conclusion: Templates can increase the accuracy and efficiency of mandibular reconstruction
with vascularised iliac flaps, which will benefit patients’ prognosis and subsequent functional 
restoration. Further studies should be conducted into application of templates to improve the 
accuracy of reconstructions. 

Key words: mandible reconstruction, template, vascularised iliac flap, virtual surgery
Chin J Dent Res 2022;25(1):37–43; doi: 10.3290/j.cjdr.b2752689

The mandible accounts for the lower third of the maxil-
lofacial region and plays an important role in maintain-
ing face shape and function. However, factors such as
inflammation, trauma and tumours lead to mandibular 
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fibula is the first choice for repairing the mandible, and 
is superior to the ilium due to its long pedicle length
and adequate skin paddle, which are characteristics
that the ilium lacks. In some cases, however, especially 
for patients who do not need an extra long pedicle or 
who already have enough soft tissue, the ilium offers
irreplaceable advantages. Compared with the fibula,
the shape and contour of the iliac bone are more likely
to match the curve of the mandible and it is rich in
bone mass. It contains a generous cancellous and dense
cortex of bone with an abundant blood supply, which is 
beneficial to dental repair after surgery5. Thus, under 
the premise of meeting the indications, considering
the balance of function and aesthetics of the donor and 
recipient regions, a vascularised iliac flap is a good 
choice for reconstruction of mandibular defects6.

From computer-aided navigation technology and sur-
gical templates to recent virtual reality, augmented real-
ity and mixed reality technology, an increasing number 
of high-tech techniques are being used in mandibular 
reconstruction7. In recent years, virtual surgery and 3D
templates have been widely used in clinical practice.
Surgeons use virtual surgery technology to design the 
operation plan and then apply it during surgery through 
the template. Many studies have reported that templates 
can improve the accuracy of mandibular reconstruc-
tion, but there is a lack of systematic clarification and 
analysis. As such, we systematically reviewed the 
research status and accuracy of templates in mandibular 
reconstruction with vascularised iliac flaps.

Operation process

The preoperative computed tomography (CT) scan of 
the maxillofacial and bilateral iliac regions is introduced 
into the 3D reconstruction software in DICOM format to 
form the 3D reconstruction model. The parts that do not 
relate to the surgery are removed and the lesion model 
is established. According to the region where the lesion
is located, an osteotomy line is designed to simulate
mandibular resection. For the fibula flap, a jig is made
for guidance by taking a piece of bone that fits a straight 
line, which would put the plate in direct opposition
to the bony surface. However, the iliac crest used for 
mandibular reconstruction has various curves in differ-
ent patients, so it is difficult to use the aforementioned 
jig. Instead, we use the mirror function to duplicate the
opposite mandible, fit the ilium to the defect and then
adjust its position according to the occlusal relation-
ship of the healthy side. Templates are designed based 
on the virtual surgery plan (VSP) and then printed into
3D models. Prior to the operation, the titanium plate is

pre-bent according to the reconstruction model of the
mandible to fit the morphology of the mandible on the
reconstructed side. Thus, surgeons do not need to bend 
the titanium plate during surgery and only have to make
small adjustments, which saves time.

After fully exposing the lesion area during surgery,
the mandibular resection template is used to assist in
the removal of part of the mandible. The reduction
template can then help to restore the original position
of the free mandibular blocks on both sides. The artery
and vein are separated for vascular anastomosis. At the
same time, according to the VSP, the vascular pedicle is
separated, and the graft is cut with the help of transplant 
cutting templates. The size and shape of the graft are
adjusted in advance according to the in-situ moulding
templates. After the vascular pedicle is cut, it is anasto-
mosed with the maxillofacial vessels. The bones from
the donor and recipient areas will then be fixed with
titanium plates and nails.

Materials and methods 

To perform a systematic literature analysis, we referred 
to PubMed, EMBASE and the Cochrane Library and 
searched for keywords including computer-assisted,
computerised, 3D, CAD, CAM, virtual, template, plate,
guide, mandibular, mandible, ilium and iliac.

Studies were included if they met the following cri-
teria:
• mandibular reconstruction;
• use of the vascularised iliac flap as a source of trans-

plantation;
• use of templates in surgery;
• measurement data in the results.

The exclusion criteria included animal experiments, use 
of a fibula flap, inability to extract relevant data, and 
reviews, meetings, case reports, etc. 

Results

The search strategy identified 354 articles in total,
including 175 in PubMed, 13 in Cochrane Library and 
166 in EMBASE. After removal of duplicate references,
248 articles remained. Based on the inclusion and exclu-
sion criteria, a total of 17 articles met the requirements
by referring to the title and abstract. After full-text read-
ing, nine articles were excluded, three of which did not 
mention the measurement of accuracy, five did not use
templates, and one used a fibula flap. Finally, eight stud-
ies and 149 cases were included for further analysis. The
specific literature search process is shown in Fig 1.
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Five articles designated control groups, and three
of these (a randomised prospective clinical study9 and 
two retrospective analyses10,11) compared the conven-
tional surgical method with template-assisted operation. 
Three of the eight studies were retrospective analyses
of mandibular reconstruction with templates, which
were observational studies without a control group12-14.
One article compared  the accuracy of functional tem-
plates15, while another compared simple templates with
complex templates16. Both were retrospective analyses. 
Table 1 provides full details of the included studies9-16.

In the included studies, 55 cases used the traditional
operation method; thus, the reconstruction relied only 
on the experience of doctors without any computer-aid-
ed technology. The remaining 94 cases were completed 
with the aid of templates. According to the classifica-
tion of mandibular defects set out by Jewer et al8, there
were 123 cases of L-type defects, five cases of H-type
defects and one case of LC-type defects, while 20 cases 
were unclear. All template-assisted operations used the 
reconstruction model to pre-bend the titanium plate
needed in the surgery (Table 1).

SurgiCase CMF (Materialise, Leuven, Belgium),
ProPlan CMF (Materialise), 3matic-Software
(Materialise), Geomagic Studio (3D Systems, Rock 
Hill, SC, USA) and Mimics (Materialse) are commonly 
used software for preoperative template design. The 
programs used for measuring accuracy in the present 
study were Geomagic and Mimics (Table 2)9-16.

For the type of template, a mandibular resection 
template and a transplant cutting template were used in
all eight studies. Five applied a reduction template to
restore the relative position of free mandibular blocks 
at both ends after osteotomy12-16. In four articles, an 
in-situ moulding template was used to adjust the shape
of the grafts in the donor area after harvesting the iliac 
bone and before cutting the vascular pedicle so that 
it could match with the broken end of the mandible, 
achieving a good repair effect10,13,15,16 (Table 2).

Different methods were used to evaluate the accur-
acy of mandibular reconstruction. In one study, patients 
were asked to appraise the aesthetic situation of their 
appearance using a visual analogue scale9. Another art-
icle compared the displacement of the mandibular mid-
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Fig 1  Flow chart for the article selection process.
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line, the height of the alveoli and the gap between the
grafts and mandibular blocks by measuring the postop-
erative panoramic radiograph16. Five studies imported 
CT data into Geomagic or Mimics and integrated preop-
erative design with a postoperative 3D model10,11,13-15. 
The evaluation indices included the position of the
osteotomy line and condyle, the curve of the lower edge
of the mandible, the volume of the graft and the overall 
deviation before and after the operation. Two studies
imported postoperative data into Mimics, comparing
the differences in distance between condyles and man-
dibular angles and the deviation of the midpoint of the 
mandible to that of the condylar connection before and 
after surgery13,15 (Table 2).

The mean deviation using templates was 0.70 to
3.72 mm before and after the operation, while that 
for traditional operations was approximately 2.45 to 
5.50 mm. Comparatively, the accuracy of reconstruc-
tion with templates was higher. Among 64 patients who
used reduction templates, the deviation before and after 

the operation was 0.70 to 2.70 mm. For the 30 cases 
without reduction templates, the deviation was 1.30 to
3.72 mm. Reduction templates can increase accuracy.

A total of five studies compared the operation 
time9,10,13,15,16. The mean surgical time for the con-
ventional operation method was 525.2 minutes. After 
using templates, it was reduced to 314.4 minutes. Two 
studies compared the ischemic time from cutting the 
vascular pedicle of the graft to vascular anastomosis9,10. 
After using templates, the ischemic time was reduced 
by 15.6 minutes to 26.8 minutes compared with the
conventional operation method. Microspheres can be 
classified as microcarriers or microcapsules accord-
ing to their different cell-laden delivery applications9. 
Microcarriers are usually preformed into large amounts 
of tiny particles, then cells are loaded on their surfaces. 
On the contrary, microcapsules are prepared by mixing 
crosslinkable polymers with cells to encapsulate cells 
within them.

Table 1  Data of the included studies.

Study Type Conventional 

reconstruction 

(n = 55)

Template-assisted recon-

struction (n = 94)

Defect type

Modabber et al9 Prospective cohort study 15 5 NR
Ayoub et al10 Retrospective cohort study 10 10 20 L
Zhang et al11 Retrospective cohort study 30 15 45 L
Shu et al12 Retrospective cohort study NR 8 5 L, 3 H
Li et al13 Retrospective cohort study NR 5 2 L, 2 H, 1 LC
Zheng et al14 Retrospective cohort study NR 4 4 L

Lu et al15 Retrospective cohort study NR 
20: 10 with and 10 without in-situ 
moulding templates

20 L

Zho et al16 Retrospective cohort study NR 
27: 13 simple and 14 compli-
cated templates

27 L

H, L and LC refer to the type of mandibular defect according to the classification by Jewer et al8; NR, not reported.

Table 2  Data relating to templates used in the surgery.

Study Mandibular 

resection 

template

Transplant 

cutting tem-

plate

Reduction 

template

In-situ 

moulding 

template

VSP software Measurement 

software

Modabber et al9 * * SurgiCase CMF NR

Ayoub et al10 * * *
ProPlan CMF, 3matic-
Software

Geomagic

Zhang et al11 * * ProPlan CMF Geomagic
Shu et al12 * * * Mimics NR

Li et al13 * * * *
Mimics, Proplan CMF,
Geomagic Studio

Mimics

Zheng et al14 * * * ProPlan CMF Geomagic
Lu et al15 * * * * Mimics Mimics
Zho et al16 * * * * Mimics NR

*Indicates that a specific type of template was used in the study. NR, not reported.
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Discussion

For patients with mandibular defects, establishing how
to better restore the integrity of their morphology and 
function is a major challenge. The optimal outcome of 
mandibular reconstruction is to make the midline axis 
symmetrical between the affected side and the healthy
side17. To achieve this, the morphology of the healthy 
side is used by the mirror function as a reference for the
reconstruction of the affected side. The accuracy of man-
dibular reconstruction refers to the difference between
the shape of the mandible after the operation and the
preoperative design. The smaller the deviation between
the postoperative effect and the preoperative design, the
higher the accuracy of mandibular reconstruction will
be18. The accuracy of mandibular reconstruction could 
affect patients’ appearance and occlusal relationship, as
well as the subsequent functional restoration, such as
oral dental rehabilitation and the suitable relationship 
between the temporomandibular joint and disc. Thus,
the improvement in accuracy could not only improve
the effectiveness of mandibular reconstruction but also
benefit functional restoration. Many steps in the process
of mandibular reconstruction affect its accuracy, par-
ticularly determining the range of osteotomy, adjusting 
the size and shape of the grafts and splicing and fixing
the position of the mandible and grafts. It is difficult 
to achieve accurate results by relying solely on preop-
erative CT scans and doctors’ experience. The applica-
tion of computer technology in medical treatment can 
not only let doctors discuss and determine the surgical
plan through virtual surgery but also produce templates 
through 3D printing technology to transform the VSP 
into an operation19.

Fibula flaps are more widely used to reconstruct 
mandibles, but in some cases, vascularised iliac flaps 
are a good choice for mandibular reconstruction 
because of the advantages they offer in terms of shape 
and characteristics. Studies on the use of templates to
repair mandibles with vascularised iliac flaps are cur-
rently limited; thus, this review aimed to compare the
accuracy of this repair pattern and related evaluation 
methods. Randomised controlled trials (RCTs) are more 
scientific and rigorous; however, compared with drug
interventions, RCTs are difficult to achieve in surgical 
interventions, and there are many related interferences.
Therefore, no RCTs were included in our retrieval 
results, most of which are observational retrospective 
analyses. In addition, there is no uniform standard for 
evaluation of accuracy, and diverse methods were used 
in the different articles, so a meta-analysis could not be
conducted.

In the eight studies included, three kinds of accur-
acy evaluation criteria were used: consulting the VAS 
score awarded by patients, measuring the panoramic 
radiograph and analysing 3D reconstruction models. 
The present authors believe that although patient 
feedback is very important, it is greatly influenced by 
subjective factors; directly based on the analysis of two-
dimensional images, it will be affected by factors such 
as overlapping and blurring of images. The application
of 3D reconstruction software for measurement is more 
objective and can be comprehensively evaluated in 3D 
scenarios, so this method of accuracy analysis is more 
reliable. The measurement indices using 3D reconstruc-
tion software can be divided into two categories. The
first is importing CT data into Geomagic and comparing 
the overall or partial differences by fusing the 3D recon-
struction models before and after surgery. The second 
is using Mimics to measure the distance between the 
points and compare the differences before and after sur-
gery. The most important anatomical landmarks include 
the condyle, mandibular angle, chin and the curve of the
lower edge of the mandible.

The type of mandibular defect also affects the ac-
curacy of mandibular reconstruction. According to 
the classification set out by Jewer et al8, four cases 
of LC-type defects made it difficult to form the chin 
because they crossed the middle line of the mandible
and eight cases of H-type defects were less effective
than L-type defects because they did not retain the
condyle. Different types of defects are suitable for 
various reconstruction methods and different numbers
of bone blocks. Thus, when evaluating accuracy, the 
impact of the types of mandibular defects should also be
considered fully16. Although most of the eight articles
included L-type defects, six cases involved chin or con-
dylar defects; however, the accuracy of different types
of defects was not discussed separately in the included 
articles, which could lead to deviation in our analysis.

When examining whether application of templates
can improve the accuracy of mandibular reconstruction, 
studies that created traditional operation groups are 
more convincing than simple observation studies. Three
of the included studies compared the reconstruction 
effect of the traditional operation method with that of 
using templates. By importing CT data before and after 
surgery into the software for 3D reconstruction and 
measurement, it was determined that the accuracy of 
template-assisted surgery was significantly higher than
that of traditional surgery. Modabber et al9 and Ayoub 
et al10 compared the difference between the number of 
grafts harvested during the operation and that needed 
for actual reconstruction. They found that the length of 
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the grafts was 16.8 and 25.3 mm, respectively, which 
was longer than actual requirements, while the amount 
of bone harvested by the templates was basically con-
sistent with the demands. Ghassemi et al20 pointed out 
that there is a correlation between the amount of osteot-
omy in the donor area and postoperative complications.
Unnecessary graft harvesting should therefore be mini-
mised during surgery. The precise preoperative design
and the assistance of templates can help osteotomy and 
transplantation processes to become more accurate.

In addition to templates, the use of computer-aided 
navigation technology in surgery is also common. 
Zheng et al21 reported that the minimum deviation
before and after surgery was up to 1.8 mm but was still
higher than 0.7 mm when using templates. This indi-
cates that preoperative virtual surgery with templates 
could achieve a better reconstruction effect.

The common templates are mandible resection and 
transplant cutting templates. These two kinds of osteoto-
my templates can indicate the osteotomy process in donor 
and recipient areas. They can not only help to resect the 
diseased tissues accurately but also reduce the com-
plications caused by excessive osteotomy in the donor 
areas22. After using osteotomy templates, the accuracy 
of surgery can be improved from a minimum of 5.5 mm
to a maximum of 1.3 mm. In addition, many functional
templates are used in mandibular reconstruction. Usually, 
after mandibular osteotomy, the free mandibular blocks
at both ends will be pulled by muscles so their relative
position will alter, which makes mandibular reconstruc-
tion difficult. In one study, surgeons used a titanium plate
to play a role in reduction22. It is pre-bent according to
the reconstruction model to assist with reduction of the
mandible, fixing the position of the mandible and graft 
according to the curve of the titanium plate; however, this 
method will cause a series of errors due to the displace-
ment and deformation of the titanium plate. A reduction
template can guide restoration of the mandible and graft 
during the operation to improve accuracy.

A total of 64 cases used a reduction template dur-
ing surgery. The minimum deviation before and after 
the operation was 0.7 mm. Lu et al15 compared the
operation methods with and without in-situ moulding
templates and found that using these templates to adjust 
the grinding of the graft in the donor area before cut-
ting the vascular pedicle can improve accuracy, reduce
graft ischemic time and shorten patients’ hospital stay. 
On the basis of a simple template, Zho et al16 added 
a specific design, for example locating holes on the 
template to accurately guide the repositioning of the
titanium plates and bone blocks and to reserve a path 
for reducing bone loss when sawing. Compared with

a simple template, a complex template with a specific
design has higher reconstruction accuracy and shorter 
surgical time. These results suggest that functional tem-
plates and modified templates with specific designs can 
improve the efficiency and accuracy of surgery23. Thus,
when designing templates, in addition to conventional
osteotomy templates, some functional templates and an
improved design can be added as required to simplify
the operation steps and improve accuracy.

Application of templates simplifies the surgical pro-
cedure to a certain extent and reduces surgical time.
However, Ayoub et al10 pointed out that the total surgi-
cal time with 3D templates did not change greatly com-
pared with traditional surgery. Although templates can
improve efficiency, the process of fixing various tem-
plates during surgery increases the surgical time24. At 
the same time, Modabber et al9, Ayoub et al10 and Lu et 
al18 pointed out that the ischemic time from cutting off 
the vascular pedicle of grafts to vascular anastomosis
was reduced significantly after using in-situ moulding
templates25. The shorter the ischemic time, the higher 
the success rate of transplantation26. Thus, templates,
especially functional templates, play an important role 
in improving the prognosis of mandibular reconstruc-
tion and reducing complications.

However, application of templates causes some prob-
lems that may affect the accuracy of mandibular recon-
struction. For example, it often takes a long time for the 
templates designed preoperatively to be delivered from 
the manufacturer to the hospital, and this will cause
some tumours to grow quickly enough to exceed the 
range of osteotomies designed by the osteotomy tem-
plate, resulting in the series of templates being unable 
to be used during surgery. In the process of positioning 
templates, ensuring their uniqueness is also a challenge
that affects accuracy. In addition, the immediate repair 
effect will change during the process of patients’ recov-
ery. The influencing factors include changes in bone, 
muscle and soft tissue. Thus, personalised template 
designs should be generated that fully consider patients’ 
actual situation; on the other hand, continuous improve-
ments should be made to the design of templates, that is, 
making inaccurate template designs delicate, realising
that the development and application of functional tem-
plates can improve accuracy, simplify operation steps
and reduce surgical time. 

Conclusion

Compared with conventional surgery, implementing 
preoperative VSPs with templates to present surgical 
plans during surgery can improve the accuracy of using 
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vascularised iliac flaps to repair the mandible and reduce
surgical time. In addition, functional templates used to 
shape grafts before cutting the vascular pedicle could 
reduce ischemic time and postoperative complications.
Many factors can affect the accuracy of the operation,
so when designing templates, improvements should be 
made constantly to improve the prognosis of mandibular 
reconstruction.
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The eruption of third molars (M3s) is restricted by adja-
cent tissue and limited space, and M3s often indeed fail
to fully erupt1,2. Their anatomical features frequently
lead to food impaction and plaque accumulation in M3 
regions3. Insufficient plaque control makes M3s and 
their neighbours, adjacent second molars (A-M2s), vul-
nerable to periodontal diseases4. Studies have found 
laboratory evidence of increased levels of periodontal
pathogens in M3 regions, even with few clinical symp-
toms of periodontal diseases5,6. Periodontal pathogens 
in M3 regions develop and the periodontal status of 
A-M2s is affected by age7. As early as the 1960s, Ash et 
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Relationship between Presence of Third Molars and Prevalence
of Periodontal Pathology of Adjacent Second Molars: a
Systematic Review and Meta-analysis
Yang YANG1#, Yi TIAN1#, Li Juan SUN1, Hong Lei QU1, Fa Ming CHEN1

Objective: To estimate the mean prevalence of periodontal pathology of adjacent second 
molars (A-M2s) to third molars (M3s) and identify related confounding factors.
Methods: Studies published before August 2020 were systematically searched in the Cochrane 
Library, EMBASE and MEDLINE databases. We included cross-sectional studies that evalu-
ated the periodontal pathology of A-M2s based on clinical or radiographic examinations
at the molar level. Studies employing similar periodontal parameters were pooled. Clinical 

periodontal pockets around A-M2s in the data synthesis.
Results: Nine studies (14,749 M3s) were ultimately included in the meta-analysis. On aver-rr

-

Conclusion: The presence of M3s, especially mandibular and nonimpacted M3s, negatively 
affects the periodontal status of A-M2s.
Key words: meta-analysis, periodontal pathology, prevalence, second molars, third molars 
Chin J Dent Res 2022;25(1):45–55; doi: 10.3290/j.cjdr.b2752683
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al8 reported the periodontal risks related to M3s. Since 
then, there have been a number of studies examining the
relationship between the presence of M3s and the peri-
odontal pathology of A-M2s. 

Prevalence is one of the most important pieces of 
data describing the epidemiological characteristics of 
the periodontal pathology of A-M2s; however, esti-
mates of the prevalence of periodontal pathology of 
A-M2s at the molar level vary significantly among stud-
ies, ranging from 3.1% to 64.5%9,10. Diverse periodon-
tal parameters, including probing depth (PD), alveolar 
bone loss (ABL) and clinical attachment loss (CAL), 
accompanied by different examined sites (single or 
multiple sites around A-M2s), have been employed to 
evaluate the periodontal status of A-M2s3,11,12, which 
may partly account for the statistically significant vari-
ance in results. Nevertheless, different characteristics of 
M3s and patients may also contribute to the high degree 
of heterogeneity in prevalence13-15. Impacted M3s
(I-M3s) have been reported to be associated with nega-
tive periodontal influences on A-M2s16-18. Many stud-
ies have compared prevalence among impaction types,
but diverse results have been recorded for various I-M3 
classifications9,13,14,19. In addition, studies on periodon-
tal risks associated with nonimpacted M3s (N-M3s)
are limited and controversial11,14,20. Characterising the
confounding factors that cause heterogeneity is import-
ant for evaluating the risks of the presence of M3s for 
individuals.

Estimating the mean prevalence of periodontal path-
ology of M2s with neighbouring M3s is the first step 
towards elucidating the relationship between the pres-
ence of M3s and the periodontal status of A-M2s, which 
contributes to M3 clinical decision making. Thus, this
systematic review and meta-analysis aimed to synthe-
sise and calculate the mean prevalence of periodontal 
pathology of A-M2s at the molar level, and to identify
the confounding factors that lead to a high degree of 
variation in prevalence.

Materials and methods

The meta-analysis was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines20 (Appendix 1,
provided on request). The meta-analysis was not reg-
istered.

Literature search

The Cochrane Library, EMBASE and MEDLINE data-
bases were searched systematically from inception to

August 2020 using specific keywords. The keywords
were described by wildcards and MeSH, and the follow-
ing terms were combined in different databases: “third 
molar*”; “third-molar*”; “3rd molar*”; “wisdom tooth”;
“wisdom teeth” and “second molar*”; “2nd molar*;
“adjacent molar*”; “adjacent tooth”; “adjacent teeth”
and “periodontitis”; “periodontal disease*”; “periodon-
tal defects”; “periodontal destruction”; “periodontal
pathology”; “periodontal inflammation”; “attachment 
loss”; “alveolar bone loss”; and “periodontal pockets”.

Study selection

Two investigators (YY and YT) independently reviewed 
and screened the searched articles. The selection pro-
cess involved reading the titles and abstracts, reading
the full articles and assessing the inclusion/exclusion
of potentially qualified articles. In the event of ambi-
guities, detailed information was obtained by contacting 
the authors. Any disagreements were resolved through
discussion or through consultation with persisted, a third 
investigator (LJS) to make the final decision. The inclu-
sion criteria used for the systemic review were as fol-
lows:
• cross-sectional studies that evaluated the periodontal

status of M2s with neighbouring M3s, regardless of 
being symptomatic or asymptomatic;

• studies defining the periodontal pathology of A-M2s
either through clinical or radiographic examination;

• studies providing explicit information for calculating
the prevalence of periodontal pathology of A-M2s at 
the molar level.

Reviews, case reports, case series, articles with full texts
unavailable, studies with a sample size < 200 at the molar 
level and controversial studies without responses from
authors were excluded. Studies involving specific popu-
lations such as pregnant women and orthodontic patients
were also excluded, as were studies that screened the
periodontal status. 

Data extraction

The following data were extracted: basic information
(first author, year of publication, journal and country), 
sample characteristics (study design, source of sample,
sample number, sample age and sex and periodontal
condition of sample), methods (clinical and/or radio-
graphic examination), outcomes (prevalence of peri-
odontal pathology of A-M2s at the molar level) and 
quality evaluation. CAL, ABL and PD were the most 
commonly reported parameters for evaluating periodon-
tal status; thus, relevant data at the molar level were



747Chinese Journal of Dental Research

YANG et al

extracted to estimate the prevalence of periodontal path-
ology of A-M2s clinically and radiographically. More-
over, the prevalence of periodontology of A-M2s under 
different M3 locations, M3 impaction status, patient sex 
and patient age was further extracted and listed below
the overall prevalence. If one study reported the preva-
lence of periodontal pathology with more than one par-
ameter, the following priority sequence was followed 
for data extraction: CAL, ABL and PD. Only the pre-
operative data from studies that compared the clinical
and radiological parameters before and after M3 surgery
were extracted and used for statistical analysis. When
the explicit prevalence of periodontal pathology was
not reported directly, the prevalence was calculated by 
dividing the number of A-M2s with periodontal path-
ology by the total number of included A-M2s.

Assessment of study bias

We used the modified Newcastle-Ottawa scale (NOS),
which was formulated for cross-sectional studies, to
assess the bias of the included studies21. For cross-
sectional studies, the NOS comprises sample selection,
comparability among groups and outcome measure-
ment, and there are detailed evaluation criteria for each 
item. Once the study met the evaluation criterion, it 
could be evaluated at one or two points depending on 
the evaluation standard. The maximum number of points 
was 10, and a study awarded a score higher than 7 was
considered at low risk of bias. Bias was independently 
assessed by two investigators (YY and YT) and discus-
sion was conducted to reach a consensus on the quality
of the studies.

Data synthesis

For internal consistency and high efficiency in the meta-
analysis, only studies that reported the prevalence of 
periodontal pathology for A-M2s with similar periodon-
tal parameters were synthesised. CAL was defined as
the distance from the cementoenamel junction to the 
base of the periodontal pockets greater than 3 mm22,23, 
and ABL as the distance from the cementoenamel junc-
tion to the alveolar bone greater than 3 mm or 20%
root length24,25. These general definitions were used to
explain the threshold values selected in this meta-ana-

for the presence of early periodontal defects. Moreover, 

deep periodontal pockets around A-M2s10. The relevant 
data were imported into specific software (metafor pack-
age, meta package, in R statistical language, version 

4.0.2, R Core Team, Vienna, Austria) for meta-analysis.
Forest plots were used to describe the estimated effect 
size and 95% confidence interval (95% CI) for meta-
analysis. The heterogeneity of the data was reflected by
the Q-statistic and the I2 test. If heterogeneity was sig-
nificant (I2 > 50% or P < 0.05), a random-effects modelP
was used to calculate pooled data. Moreover, subgroup
analyses according to different characteristics of M3s 
(M3 locations and impaction status) and patients (over-
all periodontal health, sex and age) were conducted to 
explore possible reasons for heterogeneity. If a sufficient 
number of studies were included, publication bias and 
sensitivity were assessed.

Results 

In total, 865 records were identified using the search
strategies. After removal of duplicates and title/abstract 
screening, 212 records were included for full-text 
screening. Based on the inclusion criteria, 193 records 
were excluded. Consequently, 19 studies were included 
for qualitative synthesis3,9-16,19,20,26-33, nine of which
(14749 M3s) were used for meta-analysis (Fig 1)3,10-
12,14,15,29,30,33. 

Qualitative synthesis

Table 1 presents the main characteristics of all the 
included studies for qualitative synthesis. Only four of 
them used the general population as samples12-14,31; 
the others included patients in the analysis. The peri-
odontal status of M2s was confirmed through clinical or 
radiographic examinations in five prospective studies 
that recruited participants and conducted data collec-
tion at a single time point3,10,13,30,31. Fourteen studies 
retrospectively evaluated the prevalence of periodon-
tal pathology of M2s by collecting radiographic recor
ds9,11,12,14-16,19,20,26-29,32,33. Only two studies evaluated 
the overall periodontal health of participants using case
definitions from the US Centers for Disease Control
and Prevention (CDC) and the American Academy of 
Pediatrics (AAP), and most of their participants had mild 
or moderate periodontitis12,13. The periodontal status of 
A-M2s was evaluated using different periodontal param-
eters in the included studies. Thirteen studies reported 
the prevalence of ABL of A-M2s9,11,14-16,19,20,26-29,32,33

and eight described the specific degree of ABL, includ-
19, 3 mm15,29,32, 5 mm16,32 or 20% root 

length11,14. Five selected studies used PD as a parameter 
to evaluate the periodontal status of A-M2s3,10,13,30,31, 
and in most cases, the measurement of at least one site 

3,10,30. Only



848 Volume 25, Number 1, 2022

YANG et al

one study reported the prevalence of CAL on distal sites
12. The NOS scores for the 

included studies ranged from 6 to 9, the mean score was
7.16 and the overall risk of bias was low (Appendix 2, 
provided on request). The main cause of bias was identi-
fied as comparability among groups.

Several studies have reported that various charac-
teristics of M3s and patients affect the prevalence of 
periodontal pathology of A-M2s in different ways.
Seven studies compared the difference in prevalence
between mandibular and maxillary M3s3,9-12,30,32, and 
only one of these found a higher prevalence with maxil-
lary M3s than with mandibular M3s32. The impaction
status of M3s was analysed in different ways. Four 
studies reported the difference in periodontal pathology 
among different angulations of I-M3s according to 
the Winter classification9,13,15,19. Even with different 
periodontal parameters, mesioangular and horizontal 
M3s were significantly associated with a higher risk 
of periodontal pathology than other angulations, and 
the risk for buccolingual and distal M3s was very
low. Another four studies divided M3s into I-M3s

(unerupted to the occlusal plane) and N-M3s (erupted 
to the occlusal plane) without explicit classifications
of I-M3s11,12,14,20, and three of them reported a higher 
prevalence of periodontal pathology with N-M3s11,12,20. 
Different impaction depths and covered tissues associ-
ated with I-M3s were analysed but indicated weak 
evidence with limited studies13-15. Additionally, four 
studies reported the prevalence of periodontal path-
ology between different age groups13,16,28,32. Older age 
was associated with a higher risk of periodontal path-

study came to the opposing conclusion32. Three studies
reported a difference between sexes, but their results
were completely different and showed no significant 
trend that sex influenced individuals’ level of vulner-
ability to periodontal pathology of A-M2s26,29,32.

Quantitative synthesis

Studies with similar periodontal parameters were includ-
ed for the data synthesis. Six of those included in the 
qualitative synthesis evaluated the prevalence of early

In
cl

ud
ed

E
lig

ib
ili

ty
S

cr
ee

ni
ng

Id
en

tif
ic

at
io

n Records identified 
through database search-

ing (N = 865)

Records screened 
(n = 678)

Full-text articles 
assessed for eligibility 

(n = 212)
Full-text articles excluded, with

reasons (n = 193)
Full text unavailable (n = 5)
Review, case report (n = 21)

Prevalence not reported (n = 62)
Potential bias (n = 90)

Data from the same sample (n = 15)

Studies included in 
qualitative synthesis 

(n = 19)

Studies included in 
quantitative synthesis 

(meta-analysis)
(†n = 6)
(‡n = 3)

Duplicates removed 
(n = 187)

Records excluded 
(n = 466)

Fig 1 Flow diagram of the screening 
process. n, number of hits. †Analysis of 
early periodontal defects: CAL ≥ 3 mm,
ABL ≥ 3 mm or ≥ 20% root length on
distal sites of second molars with
neighbouring third molars; ‡Analysis of 
deep periodontal pockets: at least one 
site with PD ≥ 5 mm around second
molars with neighbouring third molars.
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Fig 2 Forest plot of the
prevalence of early peri-
odontal defects on distal 
sites of second molars with 
neighbouring third molars.

Fig 3 Forest plot of the
prevalence of deep peri-
odontal pockets around
second molars with neigh-
bouring third molars.

Fig 4 Forest plot of the
odds ratio of deep peri-
odontal pockets around
second molars with neigh-
bouring mandibular third 
molars versus maxillary
third molars.

11,12,14,15,29,33,
and three calculated the prevalence of deep periodontal

5 mm3,10,30, with subgroup analyses that were pooled 
and conducted separately. The data for other A-M2 sites
and other periodontal parameters were not pooled due to
the limited number of studies. 

The results showed that the prevalence of early 
periodontal defects on distal sites of A-M2s was 19%
(95% CI 9%–35%, I2 100%, P < 0.0001) (FigP 2) and the 
prevalence of deep periodontal pockets around A-M2s
was 52% (95% CI 39%–64%, I2 97%, P < 0.01) withP
the random-effects method (Fig 3). Because the number 
of studies included in the meta-analysis was limited, we
did not assess publication bias or conduct a sensitivity
analysis.

Subgroup analyses on M3 locations

The prevalence of early periodontal defects on distal 
sites of A-M2s associated with mandibular M3s was

32% (95% CI 16%– 54%, I2 99%, P < 0.01) (AppenP -
dix 3, provided on request). Meanwhile, a higher preva-
lence of deep periodontal pockets was recorded around 
A-M2s associated with mandibular M3s (62%, 95% CI 
45%–76%, I2 96%, P < 0.01) (Appendix 4, provided onP
request) than maxillary M3s (43%, 95% CI 31%–56%, 
I2 94%, P < 0.01) (Appendix 5, provided on request),P
(odds ratio [OR] 2.21, 95% CI 1.67–2.92, I2 53%, 
P = 0.12) (Fig 4).

Subgroup analyses on M3 impaction status

No significant difference was found in the prevalence 
of early periodontal defects on distal sites of A-M2s 
between I-M3s (19%, 95% CI 10%–35%, I2 99%, 
P < 0.01) (Appendix 6, provided on request) and N-M3s 
(25%, 95% CI 12%–47%, I2 99%, P < 0.01) (AppendixP
7, provided on request) (OR 1.04, 95% CI 0.71–1.54, I2

79%, P < 0.01) (FigP 5).  Additionally, the prevalence
of deep periodontal pockets around A-M2s with neigh-
bouring N-M3s was 50% (95% CI 36%–64%, I2 97%,
P < 0.01) (Appendix 8, provided on request).
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Table 1 Data extraction of the main characteristics of the included studies for final review (cross-sectional studies).

Study Country Journal Study design Source of 

sample

Number of 

participants

Sex Number 

of molars

Altan et al19 Turkey
J Dent Shiraz Univ 
Med Sci

Retrospective Patients 954 NR 1598

Akarslan and 
Kocabay26 Turkey

Oral Surg Oral Med
Oral Pathol Oral Radiol

Retrospective Patients 342 175 M, 167 F 400

Blakey et al13 USA J Oral Maxillofac Surg Prospective
General 
population

329 159 M, 170 F 1289

Chu et al16 China Hong Kong Med J Retrospective Patients 2115 956 M, 1156 F 3178

Gupta et al27 India
J Family Med Prim 
Care

Retrospective Patients 400 240 M, 160 F 640

Jung and Cho9 Korea Imaging Sci Dent Retrospective Patients 2048 998 M, 1050 F 4455

Kindler et al12 Germany J Clin Periodontol Retrospective
General 
population 

1915 NR 1427

Kim et al28 Korea J Dent Sci Retrospective Patients 630 NR 748

Kugelberg et al29 Sweden Int J Oral Surg Retrospective Patients 144 NR 215

Li et al11 China J Periodontol Retrospective Patients 1958 774 M, 1184 F 4056

Li et al30 China J Oral Maxillofac Surg Prospective Patients 135 59 M, 76 F 289

Nivedita et al20 India Minerva Stomatol Retrospective Patients 749 490 M, 259 F 2342

Nunn et al14 USA J Dent Res Retrospective
General 
population

416 NR 310

Prahabkar et al31 India Biomed & Phamacol J Prospective
General 
population

200 NR 400

Polat et al15 Turkey 
Oral Surg Oral Med
Oral Pathol Oral Radiol 
Endod

Retrospective Patients 1914 828 M, 1086 F 3050
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Age, y Periodontitis by 

AAP/CDC case 

definition

Diagnostic criteria 

of periodontal path-

ology of A-M2s

Prevalence of periodontal pathology of A-M2s 

Under different M3 locations, M3 impaction 

status, age of patients and sex of patients (if 

reported) 

Risk of 

bias

Range 16–64, mean 
26.42 ± 7.60

NR
DPT
ABL > 1 mm on
distal sites of A-M2s

4.9% 
Mesial 10.6%, horizontal 9%, vertical 0.2%, others
4.7%

7

Range 20–25, mean 
22.20 ± 1.80

NR
DPT
ABL on distal sites of 
A-M2s

10.8%
Male 9%, female 12.5%

7

Range 14–45 AAP Class I–III
CE
PD > 5 mm on distal 
sites of A-M2s

6.1% 
At/above OP 6%, below OP 6%
Vertical/distal 9.3%, mesial/horizontal 10.2%
< 25 y 2.9%, > 25 y 9.3%

8

Range 17–89, mean 
27.9

NR
DPT
ABL > 5 mm on distal
sites of A-M2s

8.9% 
< 30 y 5.7%, > 30 y 16.3%

7

Mean 27 y NR
DPT
ABL on distal 
sites of A-M2s

39.1% 6

Range 25–92, mean 
50

NR
DPT
ABL on distal 
sites of A-M2s

3.1%
Mandibular 4.5%, maxillary 1.2%
Mesial 13.5%, horizontal 13.9%, vertical 1.3%, distal 
1.1%, inverted 16.1%, buccal 0.0%

7

Mean 50

None or mild 
48.8%
Moderate 34.4% 
Sever 16.8%

Magnetic resonance
imaging

32.8% 
Mandibular 43.5%, maxillary 24.2%
I-M3s 27.9%, N-M3s 34.1%

7

Range 13–74, mean 
29.00 ± 10.20

NR
DPT
ABL on distal sites of 
A-M2s

10.8% 
< 30 years < 3%, > 30 years > 97%

7

Range 16–53, mean 
27.20 ± 6.35

NR
DPT
ABL > 3 mm on distal
sites of A-M2s

41.9% 
Male 56.22%, female 26.2%

7

≥ 19, mean 37.2 NR
DPT
ABL ≥ 20% root length 
on distal sites of A-M2s

41.0%
Mandibular 47.6%, maxillary 33.8%
I-M3s 40.4%, N-M3s 41.5%

7

Mean 40.60 ± 11.50 NR
CE
PD > 5 mm around
A-M2s

51.6% 
Mandibular 57.9%, maxillary 44.2%

8

Range 18–83, mean 
39.20 ± 12.80

NR
DPT
ABL on distal and me-
sial sites of A-M2s

Distal sites 35.4%
I-M3s 2.6%, N-M3s 38.9% 
Mesial sites 43.2%
I-M3s 2.6%, N-M3s 47.6%

8

Range 28.1–76.2, 
mean 45.80 ± 7.40

NR
DPT
ABL ≥ 20% root length 
on distal sites of A-M2s

12.9% 
Soft tissue impaction 28%, bony impaction 16.9%, 
erupted 9.2%

7

Range 21–25 NR
CE
PD > 4 mm on distal 
sites of A-M2s

12.0% 7

Range 18–60, mean 
25.91 ± 6.34

NR
DPT
ABL > 3 mm on distal
sites of A-M2s

Mesial 18.5%, horizontal 16.8%, vertical 0.9%, distal 
0.0%, inverted 0%
Class A 10.1%, class B 8.8%, class C 3.7%

6
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Patient characteristics such as M3 impaction classi-
fication, overall periodontal health, sex and age were 
not fully reported or were not reported with similar 
periodontal parameters that could be used to conduct a 
subgroup analysis.

Discussion

Recently, the periodontal impacts of M3s on A-M2s have 
attracted increasing attention due to great controversy 
regarding clinical decision making concerning M3s.
There is a general consensus that M3s should undergo
long-term observation and ultimately removal if symp-
toms of disease are significant34,35. On the other hand,
it is not widely agreed that early treatment is neces-
sary to prevent harm to A-M2s and avoid complications
after removal in old age36,37; however, a wide range of 
prevalence estimates of periodontal pathology of M2s
with neighbouring M3s has been reported across studies 
due to methodological variations and different sample

Study Country Journal Study design Source of 

sample

Number of 

participants

Sex Number 

of molars

Qu et al3 China J Oral Maxillofac Surg Prospective Patients 572 339 M, 233 F 1100

Sejfijia et al28 Kosovo
Acta Stomatologica 
Croatica

Retrospective Patients 710 296 M, 414 F 1297

Stanley et al33 USA J Oral Pathol Retrospective Patients 1756 NR 3702

Sun et al10 China Oral Dis Prospective Patients 371 176 M, 195 F 812

CE, clinical examination; DPT, dental panoramic tomogram; NR, not reported; OP, occlusal plane.

characteristics, and therefore cannot provide reliable 
evidence for clinical practice. To better understand the 
periodontal risks associated with M3s, this systematic 
review and meta-analysis was conducted. To our know-
ledge, this is the first meta-analysis on the prevalence of 
periodontal pathology of A-M2s.

The present meta-analysis appears to indicate that the 
prevalence of early periodontal defects on distal sites of 
A-M2s at the molar level was 19%. Periodontal diseas-
es include supporting connective tissue loss and alveo-
lar bone loss22. Thus, the presence of early periodontal
defects was reflected by a combination of the following 

length, which was a more comprehensive evaluation. 
M3s are located behind M2s, and periodontal defects
distal to A-M2s provide direct evidence for the peri-
odontal risks associated with the presence of M3s and 
reflect the cumulative effects of periodontal pathology. 
The high prevalence of deep periodontal pockets around 
A-M2s (52%) highlights the potential risk of active 

Fig 5 Forest plot of the
odds ratio of early peri-
odontal defects on distal 
sites of second molars with 
neighbouring impacted
third molars versus nonim-
pacted third molars.
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Age, y Periodontitis by 

AAP/CDC case 

definition

Diagnostic criteria 

of periodontal path-

ology of A-M2s

Prevalence of periodontal pathology of A-M2s 

Under different M3 locations, M3 impaction 

status, age of patients and sex of patients (if 

reported) 

Risk of 

bias

Range 19–35, mean 
36.80 ± 18.70

NR
CE
PD > 5 mm around
A-M2s

38.5% 
Mandibular 46.1%, maxillary 29.8%
I-M3s 42.9%, N-M3s 33.9%

9

Range 18–77, mean 
29.30 ± 12.80

NR
DPT
ABL > 5 mm on distal
sites of A-M2s

5.5%
Mandibular 4.9%, maxillary 6.5%
< 30 y 6.9%, > 30 y 1.2%
Male 4.8%, female 4.9%

7

Range 20–83, mean 
47

NR
DPT
ABL > 3 mm on distal
sites of A-M2s

4.5% 6

Mean 35.10 ± 11.90 NR
CE
PD > 5 mm around
A-M2s

64.5% 
Mandibular 78.3%, maxillary 55.5%

8

-
firmed to result in high levels of periodontal pathogens
and inflammatory mediators in M3 regions5,38. 

In subgroup analyses, a higher prevalence of early 
periodontal defects was found to be associated with
mandibular M3s (32%) than with M3s in general
(19%), and the data on maxillary M3s were limited to
be synthesised. However, both studies that analysed 
the difference between M3 locations reported a higher 
prevalence of early periodontal defects in mandibular 
than in maxillary molars11,12. Moreover, the prevalence
of deep periodontal pockets around A-M2s associated 
with mandibular M3s was significantly greater than
that with maxillary M3s (OR 2.21). The higher odds of 
M3 impaction in mandibular than in maxillary regions
could partly explain this difference1. Furthermore,
subgroup analyses were conducted on M3 impaction
status. Intriguingly, a higher prevalence of early peri-
odontal defects was found to be associated with N-M3s
(25%) than I-M3s (19%), even with no significant 
difference (OR 1.04). In the subgroup analysis, two 
studies reported a higher prevalence of N-M3s without 
explicit classifications of I-M3s11,12, while Nunn et al14

reported that the prevalence of bony impacted and soft 
tissue impacted M3s was higher than that for N-M3s.
The higher prevalence of N-M3s might be caused by
the significant difference in the periodontal pathology 
between different impaction types19, which affected 
the overall prevalence associated with I-M3s. In the
analysis of deep periodontal pockets around A-M2s,

only one study reported separate outcomes for I-M3s
and N-M3s3, which suggested a higher prevalence
associated with I-M3s; however, the prevalence of deep
periodontal pockets around A-M2s associated with 
N-M3s reached 50%, which reminds us that the pres-
ence of N-M3s is also an important periodontal risk fac-
tor for A-M2s. Additionally, some studies have reported 
other increased pathological parameters around A-M2s
with N-M3s, such as Plaque Index and bleeding on 
probing3,10. 

Our meta-analysis indicated the periodontal risks
associated with presence of M3s for A-M2s and high-
lighted which characteristics of M3s contributed to a
higher prevalence of periodontal pathology of A-M2s. 
Considering the importance of M2s for masticatory 
function, clinicians need to examine the periodontal 
condition of A-M2s through clinical or radiographic
assessment in regular oral examination, even in the
absence of complaints about M3s and irrespective of 
the impaction status of M3s. The locations and impac-
tion status of M3s should be taken into consideration
to determine the best clinical decisions for individuals. 
It is worth noting that periodontal disease is always
asymptomatic until the disease is severe22, so it is dif-ff
ficult to find periodontal pathology in M3 regions in
the early stages of periodontitis. A number of studies
have confirmed that asymptomatic M3s are closely
related to the periodontal pathology of A-M2s13,17,30. 
More importantly, even with mechanical debridement, 
it is difficult to reduce the periodontal pathology in M3 
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regions4. Several studies have verified that removal of 
M3s contributes to improving the periodontal status of 
A-M2s, regardless of I-M3s or N-M3s, but older age
and preoperative deep periodontal pockets lead to an 
unfavourable prognosis10,37,39,40. 

Nevertheless, the early stages of the periodontal 
pathology of M2s were evaluated in the meta-analysis.
Estimates of severe periodontal pathology are available
in only a limited number of studies, making it difficult 
to provide a convincing clinical decision regarding
M3s. The periodontal status of M2s is affected by not 
only the presence of M3s but also other systemic fac-
tors, such as the presence of periodontitis, smoking 
status and diabetes22. Considering the postoperative
complications of M3 surgery, especially those involving
chronic and irrecoverable symptoms such as paresthe-
sia or temporomandibular joint disorder41, removal of 
M3s should be conducted after comprehensive assess-
ments, including of patients’ age, general health and 
oral hygiene and willingness to undergo surgery. Only 
when the benefits of M3 surgery outweigh the risks to 
individuals is removal of M3s required. 

The limitations of the meta-analysis were the small
number of studies for data synthesis and the inconsist-
ent definition of early periodontal defects. Some of the
studies included in the meta-analysis involved patients
with symptomatic M3s; thus, these participants did 
not effectively reflect the characteristics of the gen-
eral population and resulted in a higher estimate. In
studies using radiographic examination methods, it 
was difficult to randomly include samples because of 
ethical concerns, and selection bias may systematically 
increase the prevalence of periodontal defects; however,
we tried to provide the best possible estimates of the
prevalence of periodontal pathology of A-M2s through
rigorous selection. Large-scale, population-based stud-
ies are needed to further demonstrate the adverse 
periodontal impact of M3s on A-M2s, and confound-
ing factors at the patient level should be discussed.
Furthermore, there is a critical need to determine which 
factors of N-M3s contribute to the periodontal path-
ology of A-M2s.  

Conclusion

This systematic review and meta-analysis indicated that 
M3s are associated with early periodontal defects on
distal sites of A-M2s in 19% of cases and associated with
deep periodontal pockets around A-M2s in 52% of cas-
es. In subgroup analyses, mandibular M3s and N-M3s
showed a higher prevalence and were identified as risk 
factors for periodontal pathology of A-M2s. However, 

these results should be interpreted with caution because 
of high heterogeneity; thus, comprehensive assessments 
are imperative in M3 clinical decision making.
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Treatment and control of the inflammatory process and 
regeneration of lost periodontal supporting structures,
especially in severe cases, are among the challenges 
facing periodontists. Different surgical and nonsurgical 
methods have been proposed for periodontal regener-
ation, with varying success rates1,2. New regenerative
therapies and tissue engineering methods to improve the
clinical outcome using stem cells in regenerative tissue
engineering of the periodontium have attracted attention 
in recent years3,4. 

The presence of stem cells in dental and periodon-
tal tissues has created a new approach to repairing 
dental and periodontal defects3,5. In this approach, the
differentiation capacity of these cells in oral lesions 
can be exploited by isolating and replicating them 
and transferring them to the lesion site. Periodontal
ligament (PDL) derived stem cells (PDLSCs) have
been reported to have osteogenesis, angiogenesis and 
cementogenesis properties and have also been shown
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Near Infrared Laser Photobiomodulation of Periodontal 
Ligament Stem Cells
Mohammd Ayyoub RIGI-LADEZ1, Seyedeh Sareh HENDI2, Alireza MIRZAEI3, Leila GHOLA-
MI4, Reza FEKRAZAD5,6

Objective: To determine the effect of different energy densities of near infrared diode lasers
with wavelengths of 810 or 940 nm on the proliferation and survival of periodontal ligament 
derived stem cells (PDLSCs).
Methods: After isolation and characterisation, PDLSCs were cultured in clear 96-well plates. 
Each well was irradiated by either 810 nm (L1) or 940 nm (L2) lasers, with energy densities
of 0.5, 1.5 and 2.5 J/cm2 and an output power of 100 mW. A non-irradiated well was used as a
control. Cellular viability was measured 24 hours after irradiation using 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay and proliferation was measured 
24, 48 and 72 hours after irradiation using trypan blue staining and counting. Propidium
iodide (PI) staining was used to identify any pyknotic nuclei or nuclear fragmentation 72
hours after irradiation
Results: An increase in viability was observed only in the group with the 940 nm laser irra-
diation at energy density of 2.5 J/cm2 (P < 0.001). The proliferation of cells was significantly
increased in the group with 940 nm laser irradiation at energy density of 2.5 J/cm2 at all 
the time points examined in comparison to other groups (P < 0.001). PI staining showed no
change in cell nuclei in any of the groups.
Conclusion: Irradiation of PDLSCs with a 940 nm laser at an energy density of 2.5 J/cm2

could promote efficient cell proliferation.
Key words: periodontal ligament, photobiomodulation, stem cells 
Chin J Dent Res 2022;25(1):57–65; doi: 10.3290/j.cjdr.b2752657
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to successfully regenerate PDLs4,6,7. They also appear 
to have a better regenerative capability of differentiat-
ing into periodontal tissues compared with dental pulp 
stem cells (DPSCs) and periapical follicle stem cells 
(PAFSCs) and are considered the best candidates for 
stem cell–based regenerative treatments in periodon-
tology4. These cells have appropriate tissue acceptance
and have recorded effective results in the treatment of 
periodontal defects in in vitro and in vivo studies4,8-11. 

Laser technology has drawn a great deal of attention
and found many applications in various areas of den-
tistry in recent years12. Low level laser (light) therapy
(LLLT) employs visible (generally red) or near-infrared 
(NIR) light generated from a laser or light emitting 
diode (LED) system with low power and energy densi-
ties. This kind of irradiation with its non-thermal and 
non-invasive nature has been shown to be effective in
treating diverse injuries or pathological conditions in
medicine13. The process is now better known as photo-
biomodulation (PBM) and is characterised by the ability
to induce photobiological responses at cellular levels14. 

 The mechanism of PBM at the cellular level has 
been attributed to the absorption of monochromatic 
visible and NIR radiation by photoreceptors, most 
importantly the components of the cellular respiratory 
chain and changes in cellular adenosine triphosphate 
(ATP) levels15,16. 

 Laser has been previously used in periodontology 
for its antibacterial and anti-inflammatory effects in the
treatment of periodontal and peri-implant diseases17-20. 
PBM has also been found to be able to modulate
the immune response and reduce chronic inflamma-
tion19,21-23, and can therefore potentially facilitate peri-
odontal tissue repair.  

At a cellular level, several studies have shown the 
effects of phototherapy on different cells, indicating
that PBM improves the proliferation of cells without 
causing cytotoxic effects24-26. Irradiation conditions 
and parameters such as wavelength, power and energy 
densities and even the tissue being irradiated can influ-
ence the clinical outcomes of PBM13,27,28. 

According to recent systematic reviews, great hetero-
geneity can be observed in the methods and parameters
of light irradiation, and only a few studies on infrared 
irradiation and PDLSCs are available29-31. Further 
research is still needed to identify the optimal charac-
teristics of the PBM setting on these cells as a basis for 
future translation of use of this wavelength into clinical
practice24. 

In a study on this cell line, Wu et al32 showed that 
low-power 660 nm, 70 mW red laser can enhance the
proliferation and osteogenic differentiation of human

PDL cells via cyclic AMP (cAMP) regulation. Soares 
et al33 also studied the effect of 660 nm, 30 mW laser 
irradiation on the proliferation rate of human PDLSCs
(hPDLSCs) and the cells were irradiated at 0 and 48 
hours using two different energy densities (0.5 J/cm²,
1.0 J/cm²). They found that PBM using 660 nm light and 
an energy density of 1.0 J/cm² has a positive stimulatory
effect on the proliferation of hPDLSCs32,33. Yamauchi
et al34 also evaluated the effects of a high-power, red 
LED light device with a wavelength of 650 nm at a
power density of 1100 mW/cm2 and a total irradiance of 
200 mW/cm2 on hPDLSCs. They tested energy densi-
ties ranging from 0 to 10 J/cm2 to determine the optimal
dose and observed a significant increase in PDLSC
proliferation and osteogenic differentiation through the 
activation of ERK1/2 with 8 J/cm234. 

Since previous studies have mostly focused on the
red wavelength and considering the good penetration
depth of infrared light in periodontal tissues, in the 
present study, we sought to evaluate the effect of two 
NIR diode lasers with wavelengths of 810 and 940 nm
which are more routinely used in dental practice. The
effect of different energy densities (fluence) on the
proliferation and survival of PDLSCs was evaluated.
The present study seeks to add to the existing evidence
and prove useful in future cell-based regenerative peri-
odontal therapies.

Materials and methods 

Cell isolation and culture

The remaining PDL tissue was scraped from the mid-
dle third of the root surface of two fully erupted third 
molars extracted for orthodontic reasons in one patient.
The obtained periodontal tissue was cultured in a micro-
plate containing Dulbecco’s Modified Eagle Medium
(DMEM, Gibco, Waltham, MA, USA) and 15% foetal
bovine serum (FBS, Gibco), then enzymatically digested 

type I (Sigma-Aldrich, St Louis, MO, USA) and 4 mg/ml
dispase (Gibco).

Characterisation of PDL derived mesenchymal stem
cells

The mesenchymal nature of cells was confirmed by
evaluating surface markers of CD90, CD105 and CD45
using the flow cytometric method35. Positive CD90 and 
CD105 mesenchymal markers and a negative result for 
CD45, which is a haematopoietic marker, indicated that 
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the separated cells were mesenchymal cells. After the
third cell passage, the cells were detached from the base 
of the plates by adding trypsin. The cell suspension was
counted and 105-106 cells were added to each vial. The
vials were then filled with 1 ml of phosphate buffer 
solution-bovine saline albumin (PBS-BSA) 3% solution
(Sigma-Aldrich) and the suspension was centrifuged at 
2000 rpm for 5 minutes. For each marker, a test and 
control isotype vial were used. Antibodies (Abcam,
Cambridge, MA, USA) were added; accordingly, CD45
with a concentration of 1:200 was incubated (Binder,
Tuttlingen, Germany) for 30 minutes at room tempera-
ture, and CD90 and CD105 markers with a concentra-
tion of 1:50 were incubated for 45 minutes at 37°C. The
Rabbit isotype control was incubated for 30 minutes at 
a concentration of 1:200 at room temperature, then PBS 
was added to each sample to reach a volume of 1 ml.
The suspensions were then centrifuged at 2000 rpm for 
5 minutes (Hettich, Tuttlingen, Germany). The second-
ary antibody was added with a concentration of 1:4 and 
incubated for 45 minutes at 37°C. A volume of 1 ml
was then reached by adding PBS and centrifuged once 
more at 2000 rpm for 5 minutes. The cells were washed 
again with PBS and centrifuged. At the last stage, the 
cell sedimentation was turned into a suspension with 
4% paraformaldehyde and stored at 2°C to 8°C until it 
was read under the flow cytometer (Becton Dickinson,
Franklin Lakes, NJ, USA). 

The differentiation ability of the isolated cells was 
also evaluated. For this purpose, the cells were cultured 
in osteogenic medium of DMEM containing 10% FBS
(Gibco) and 100 nM dexamethasone, 10 mM beta-
glycerol-phosphate and 50 μg/ml ascorbic acid (all 
Sigma Aldrich) and adipogenetic differentiation medi-
um containing DMEM with 10% FBS (Gibco, Paisley,
UK), 66 nM insulin, 0.2 mM indomethacin, 100 nM 
dexamethasone (all Sigma Aldrich) and 0.5 mM IBMX 
(Pepro Tech, Rocky Hill, NJ, USA) for 21 days. After 
this time, staining with Alizarin red and Oil red (Sigma
Aldrich) showed their successful osteogenic and adipo-

genetic differentiation.

Photobiomodulation therapy

The laser probe was adjusted perpendicular to each plate
and the cells were irradiated from underneath each well
to completely cover the area of a single well with a
diameter of 8 mm. The third passage cells were cul-
tured in clear 96-well micro titre plates at a density of 
5 × 103 cells. There was one empty well between the 
seeded wells to prevent unintentional dispersion of light 
between wells during irradiation. Three energy densi-
ties, namely 0.5, 1.5 and 2.5 J/cm2, were applied using
two different laser devices of 810 nm (Picasso, AMD
Lasers, West Jordan, UT, USA) as L1, and 940 nm (Epic
10, Biolase, CA, USA) as L2, with 400-micron tips and a
continuous wave output power of 100 mW.  The wells 
were irradiated from a distance of 15 mm for 2.5, 7.5 and 
12.5 seconds, respectively (Table 1). The output power 
was 100 mW and checked with a power meter (Ophir 
Nova II, Ophir Optronics Solutions, Jerusalem, Israel) 
before irradiation. A continuous wave mode was used 
and a single session of laser irradiation was performed.
The laser groups were compared with a control group
without any laser irradiation. All tests were performed 
in triplicate and repeated twice.

Viability assessment

The 5 × 103 cells were placed into 96-well plates and 
grown for 24 hours, then the extracts were added to cell
cultures. MTT colorimetric assay using 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (Sigma 
Aldrich) was used to evaluate cell viability, then 24 

and 15% FBS were added to cells and incubated for 
3 hours. At this time, formazan crystals could be seen
under an inverted microscope. Viable cells with a nor-
mal functional mitochondrial enzyme of succinate dehy-
drogenase changed water-soluble MTT dye to insoluble 

Table 1 Laser irradiation parameters.

Parameter (unit) Value 

Centre wavelength (nm) L1: 810 L2: 940
Operating mode Continuous wave Continuous wave 
Radiant power (mW) 100 100
Beam spot size diameter (cm) 0.8 0.8
Beam spot size at target (cm2) 0.5 0.5
Irradiance at target (mW/cm2) 200 200
Energy density((J/cm2) 0.5, 1.5, 2.5 0.5, 1.5, 2.5
Exposure duration (s) 3, 8, 13 3, 8, 13
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purple formazan. After completion of incubation, the 
supernatant was removed and 100 ml dimethyl sulfide 
was pipetted to dissolve the crystals. An ELx808 micro-
plate reader (BioTek, Bad Friedrichshall, Germany)
was used to measure absorbance at 540 to 690 nm. The
results were reported as percentages. 

Proliferation rate assessment 

To evaluate cell proliferation, cultured cells were stained 
with trypan blue 24, 48 and 72 hours after irradiation.
They were counted using a neubauer chamber and their 
proportion to cell numbers at baseline were reported.

Effect of laser irradiation on cell nuclei

Cells were stained with propidium iodide (PI) to iden-
tify any pyknotic nuclei and nuclear fragmentation 72
hours after irradiation under a phase contrast microscope 
(BX51, Olympus, Tokyo, Japan).

Ethical considerations

The project was approved by the university’s ethics 
committee (IR. ZUMS.94.5.11-7346). The teeth used 
for isolation of the cells were indicated to be removed 
for orthodontic reasons. The patient was informed about 
the study and signed an informed consent.

Statistical analysis

Data were analysed using a Student t test and three-wayt
analysis of variance (ANOVA) with a Tukey post-hoc 
test and values were expressed as mean ± standard devi-
ation (SD)/standard error (SE). All statistical analyses
were performed at a significance level of 0.05 using R 
software, version 3.3.3 (R Core Team, Vienna, Austria) 
and SPSS version 16 (SPSS Statistics, IBM, Chicago, 
IL, USA).

Results

Characterisation of PDLSCs

The dot plot in Fig 1a displays the mesenchymal stem
cell identifier markers. CD45 was at a minimum and 
negative and CD90, CD105 were positive, indicating
the mesenchymal nature of isolated cells. PDLSCs were 
also differentiated into osteoblasts forming mineralised 
tissue after 21 days of culture in osteogenic medium and 
adipose tissue differentiation was also observed after 
21 days by Oil red staining (Figs 1b and c).

PDLSC viability

A three-way ANOVA was used to compare the effects 
of laser, energy density and time on the MTT viabil-
ity results based on percentages compared to controls. 

Fig 1 (a) Distribution of 
expression of CD45, CD90 
and CD105 biomarkers.
The black dots indicate the 
intensity of expression of 
the biomarkers and the red
dots indicate the severity
of the lack of biomarkers
on the surface of the cells 
isolated from the periodon-
tal ligament. (b) PDLSC
with a spindle-shaped
appearance. (c) Optical
microscope photographs 
showing mineral deposi-
tion 21 days after culture
in osteogenic medium and 
Alizarin red staining. (d) Oil 
red staining showing adi-
pogenic differentiation of 
cells after 21 days.



661Chinese Journal of Dental Research

RIGI-LADEZ et al

The results showed that laser and energy density affect 
survival rate (P(  < 0.05), and that the effect of laser is P
dependent on time and energy density (P((  < 0.05). After P
24 hours, an increase in cellular viability was observed 
only with the 940 nm laser with an energy density of 2.5 
J/cm2. This increase was statistically significant com-
pared to the other settings of L2 and L1 and the con-
trol group (P(( < 0.001). None of the other comparisons P
between different energy densities of the L1 group were 
significant at the 0.05 level (Fig 2).

PLDSC proliferation

The mean ± SD of proliferation in terms of time, dens-
ity and lasers are shown in Table 2. The highest mean 
proliferation was seen in the L2 group and the energy 
density of 2.5 J/cm2 (Fig 3).

The comparison of proliferation between different 
energy densities in the L1 group did not show any stat-
istically significant results. In the L2 group, the energy
density of 2.5 J/cm2 showed higher proliferation, with
statistically significant differences at 24, 48 and 72 
hours compared to the other energy densities in this
group (P((  < 0.001).P

L2-0.5 and L2-1.5 showed a statistically significant 
increase at 72 hours (P(  < 0.001) but were still lower P
compared to the control group. When comparing prolif-ff
eration in the same energy densities between the L1 and 
L2 group, the L2-2.5 J/cm2 group also had statistically
significant superior proliferative results compared to the
L1-2.5 J/cm2 group at all time points (P((  < 0.001). The P
1.5 J/cm2 energy density groups showed no statistically 
significant difference at any of the time points. The
results of the comparison of the 0.5 J/cm2 L1 and L2 
groups showed a statistically significant difference only 
after 72 hours, when the L1 group had higher prolifera-
tive results (1.05 versus 1.55 folds compared to baseline 
[T0]), which were both lower compared to the amounts 
of cell proliferation in the control group (Table 2).

Effect of laser irradiation on cell nuclei

PI-stained cells were carefully evaluated. No pyknotic
nuclei or nuclear fragmentation was observed in any of 
the groups (Fig 4).

Fig 2  Effects of L1 810-nm and L2 940-nm laser irradiation 
on cell viability based on MTT assay after normalising to the 
control group.

Fig 3  Effect of laser stimulation on PDLSC proliferation after 
24, 48 and 72 hours based on trypan blue counting.

Table 2  Mean ± SD of proliferation in terms of time, energy density and type of laser.

Control L1 L2

Energy density (J/cm2) 0.5 2.5 1.5 0.5 1.5 2.5

Time point

T0 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00
T24 2.02 ± 0.18 0.93 ± 0.06 0.92 ± 0.14 0.90 ± 0.06 0.93 ± 0.06 1.20 ± 0.14 1.09 ± 0.08
T48 2.71 ± 0.34 1.09 ± 0.38 1.12 ± 0.17 1.05 ± 0.09 1.19 ± 0.15 1.14 ± 0.17 1.59 ± 0.24
T72 4.07 ± 0.27 1.57 ± 0.18 1.05 ± 0.08 1.57 ± 0.06 1.76 ± 0.10 1.55 ± 0.09 2.08 ± 0.04
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Discussion

In the present study, the effect of different energy densi-
ties of two common NIR laser wavelengths in dentistry 
on the viability and proliferation of PDLSCs were com-
paratively evaluated. These wavelengths have a favour-
able penetration depth and the potential to be used as 
adjunctive tools in clinical practice. These wavelengths
are much less studied and further investigation is need-
ed to find an optimal setting for stimulating these cells
using them.

According to our results, 940 nm laser with an en-
ergy density of 2.5 J/cm2 (100 mW, CW) showed a
better result compared to the control group, 810 nm 
laser with a 0.5 J/cm2 setting also showed better results 
compared to its 1.5 and 2.5 J/cm2 settings on PDLSC 
viability and proliferation. The results clearly demon-
strate the sensitivity and importance of laser settings
and wavelength. To our knowledge, this study is the 
first to compare diode lasers with these NIRs wave-
lengths on PDLSCs. Wavelengths in the 600 to 700 nm 
range are most often chosen to treat superficial tissue, 
and NIR is chosen for deeper seated tissues due to the

longer optical penetration distances through tissue14. 
The most important law in photobiology is that pho-

tons of different wavelengths are absorbed by specific
chromophores located inside cells or tissues. Lasers of 
810 and 940 nm are well absorbed in tissue chromo-
phores of haemoglobin and melanin. At a cellular 
level, Cytochrome C oxidase (CCO) has one absorp-
tion band in the red wavelength region around 660 nm 
and another in the NIR spectrum around 800 nm. The 
absorption bands of CCO are weaker for wavelengths
greater than 900 nm. Other alternative chromophores
such as water and ion channels have also been identi-
fied or proposed for these wavelengths and need to be 
elucidated further14, 27. 

In vitro studies on PBM have shown that the effect 
of lasers on cells is variable as it is dependent on many
parameters14,36. The existence of a different ‘window
specificity’ for every wavelength and energy dosage 
was postulated by Karu et al37 in 1990. The results can 
be influenced by not only the wavelength but also the
total dose of irradiation, application mode (pulsed or 
continuous), irradiation time and number and frequency
of laser therapy sessions13,27,28. Since studies on PBM

Fig 4 PI-stained cells
from the different irradiation 
groups and nonirradiated
control group observed
under a phase contrast
microscope. No pyknotic 
nuclei or nuclear fragmen-
tation were observed. (a)

810 nm, 0.5 J/cm2; (b) 810 
nm, 1.5 J/cm2; (c) 810 nm,
2.5 J/cm2; (d) 940 nm, 0.5 
J/cm2; (e) 940 nm, 1.5 J/
cm2; (f) 940 nm, 2.5 J/cm2;
(g) Control (100x magnifi-
cation).
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do not have uniform methodological designs, it is com-
plicated to compare the results with other wavelengths 
used in previous studies.

To our knowledge, only a few studies have been con-
ducted into the 940 nm laser wavelength and its effect 
on proliferation and differentiation of mesenchymal 
stem cells. Jawad et al38 studied the effect of different 
powers of 100, 200 and 300 mW with continuous wave
mode of 940 nm diode LLLT on a human foetal osteo-
blast cell line cultured in 96-well plates and uniformly 
irradiated them for 3 and 6 minutes for a period of up to 
7 days. The energy densities applied were much greater 
compared to the current study. The group exposed to
100 mW received 22.92 or 45.85 J/cm2; the second 
group that was exposed to 200 mW received 45.85 or 
91.79 J/cm2; and the third group of 300 mW exposure
received 68.78 or 137.57 J/cm2 of energy. A significant 
increase in proliferation after 7 days was observed in 
all groups; however, at similar evaluation time points 
to those in the present study (1 and 3 days), no signifi-
cant improvement in proliferation results was reported 
except for the group irradiated at 100 mW for 6 min-
utes which had the same output power as the one used 
in the present report. The researchers concluded that 
300-mW irradiation significantly increased the amount 
of cell proliferation. By contrast, the 100 and 200 mW 
groups showed significantly better results only in cell
differentiation38. 

The use of the lower laser powers and longer expo-
sure time of LLLT was considered better than the higher 
power settings in improving osteogenic differentiation. 
Longer exposure times and repetition of irradiation
might have also improved the effects observed with
lower energy densities used in the present study.

A stimulatory effect of 940 nm laser was also 
reported in an animal study that investigated the radio-
protective features of 940nm laser on the lifespan and 
absolute counts of blood cells of gamma-irradiated 
mice39. Energy densities of 3, 12 or 18 J/cm2 were 
tested at a fluence of 3 J/cm2 and demonstrated interest-
ing radioprotective features39. This setting significantly 
prolonged the lifespan of gamma-irradiated mice and 
the white blood cell, lymphocyte and neutrophil counts
were higher in this group on day 12 after gamma irradi-
ation39. The effective energy density recorded was quite
similar to the results observed in the present study39. 

Only a few studies have been conducted into laser 
phototherapy of PDLSCs, and the previous studies
were conducted using wavelengths different to those
employed in the current study. As mentioned, Soares
et al33 studied the effect of laser therapy on PDLSCs 
with two sessions of 660 nm diode laser treatment in 

48 hours at energy densities of 0.5 and 1.0 J/cm2 for 16
and 33 seconds, respectively, and found that 1.0 J/cm2

radiation recorded better results in terms of cell survival 
and proliferation compared to the 0.5 J/cm2 laser and 
control groups at 48 and 72 hours33. In another study, 
Wu et al32 provided PDLSCs with laser radiation from a
660-nm diode with energy densities of 1, 2 and 4 J/cm2

for 66, 132 and 264 seconds, respectively, and evaluated 
them on days 1, 3 and 5, respectively. Irradiation of 
2 J/cm2 resulted in a significant increase in cell prolif-ff
eration on days 3 and 5, and only two energy densities
(2 and 4 J/cm2) led to increased osteogenic differentia-
tion of this group of cells32. These results demonstrate
cell proliferation effects that are generally consistent 
with the findings of the present study, where a posi-
tive effect of a single session of laser irradiation was 
observed. Repetition of this single session of irradiation 
could result in an accumulative effect of laser energy 
and be useful in future in vivo studies.

In a recent study, Paschalidou et al40 studied the
effect of a similar single session of 940 nm laser 
irradiation with a 200-mW continuous mode on stem
cells from the dental pulp of deciduous teeth (SHED)
at energy fluences of 4, 8 and 16 J/cm2. Their results 
indicated a statistically significant increase in prolifera-
tion based on MTT results after 48 and 72 hours in all 
energy densities of this wavelength; however, 8 J/cm2

did not show a statistically significant increase at 24
hours and reported the lowest MTT results compared 
to the other two settings40. On the other hand, 8 J/cm2

had the best effects on osteogenesis gene expression 
and biomineralisation40. This clearly shows how sensi-
tive the results of PBM therapy can be and that even
the same energy densities and laser parameters may 
influence proliferation and differentiation of cells in a 
different manner which needs to be investigated more 
thoroughly.

According to the results of the present study, the 
810-nm laser with the energy densities and parameters
used did not have a statistically significant positive 
effect on cell proliferation. Some studies have reported 
controversial findings regarding the effect of this wave-
length on stem cells. Soleimani et al41 evaluated 810-
nm diode laser radiation on the proliferation of bone
marrow mesenchymal stem cells and differentiated 
them into neuronal and bone cells. Radiation of 2, 3, 4
and 6 J/cm2 was performed for 12, 18, 24 and 36 sec-
onds respectively for three sessions at 1, 3 and 5 days
after incubation, and MTT analysis for cell viability was 
performed on day 741. The results showed that all of the
above energies except 6 J/cm2 resulted in a significant 
increase in cell viability41. Kreisler et al42 also evalu-
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ated the effect of low-level diode laser irradiation on 
human PDL fibroblasts with an 809-nm laser and three 
fluences of 1.96, 3.92 and 7.84 J/cm2 were applied for 
75, 150 and 300 seconds, respectively. The effect of 
one, two and three laser irradiation sessions at 24-hour 
intervals on cell proliferation was evaluated using
Alamar Blue assay 24, 48 and 72 hours after irradia-
tion, reported in relative fluorescence units (RFUs)42. 
Unlike in the present study, these researchers observed 
that at each energy level, these cells had a higher rate 
of proliferation than the non-irradiated cells for up to
72 hours42. When the laser treatments were repeated 24
and 48 hours after the first irradiation, the RFU values
at days 1 and 2 were considerably higher, which the
authors suggest may have been due to the repeated laser 
treatment or the longer incubation time prior to the first 
measurement42. We might have also recorded a better 
outcome with successive treatment sessions.

Wang et al27 recently compared the laser irradia-
tion of 810- and 980-nm diodes with adipose-derived 
stem cells. They found that the mechanisms of action 
of 810- and 980-nm lasers appear to have significant 
differences: 980 nm seems to rely on the activation of 
heat or light gated ion channels, whereas activation of 
CCO in mitochondria by 810 nm continues to be the
most accepted mechanism27. The 980-nm laser with
energy densities as low as 0.3 J/cm2 resulted in ATP lev-
els 40% higher than the control group but the 810-nm 
laser needed higher energy densities, with 3.0 J/cm2

reporting the best results (20% higher than the control
group)27.

Based on this study and the present results, it seems
that energy densities higher than those used in the pre-
sent report are probably necessary to have biostimulato-
ry effects with the 810-nm laser, and the effect of higher 
energy densities needs to be evaluated further in future
studies. The differences in the results of the aforemen-
tioned studies and the present study and the difference
observed between the two studied wavelengths are due
to differences in irradiation conditions and characteris-
tics of each wavelength that can influence the responses
being measured. It must be noted that cell-based in vitro
studies are highly technique sensitive. Further investi-
gations are needed to elucidate the effect of different 
irradiation settings of these wavelengths on PDLSCs 
and the underlying molecular mechanisms. The differ-
entiation of irradiated cells also needs to be investigated 
in future studies. Moreover, further clinical studies are 
needed for correct translation into clinical practice since 
it appears PBM can be considered an important future
adjunctive tool in regenerative periodontal therapy and 
tissue engineering involving stem cells.

Conclusion

Based on the results of the present study, a 940-nm diode
laser with an energy density of 2.5 J/cm2 recorded better 
results compared to the same dose of 810-nm laser and 
controls and increased the viability and proliferation of 
PDLSCs.
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the use of chemical solvent, micro forceps, wire loops,
hypodermic surgical needles, file braiding, Masserann
extractors (Micro-Mega, Besancon, France), the Canal
Finder system (FaSociete Endo Technique, Marseille, 
France), lasers, electrochemical procedures and ultra-
sonic techniques6. The success rate of retrieval of sepa-
rated instruments ranges between 66.6% and 100.0%7-9. 
It depends on many factors, such as tooth location, the 
separated instrument, the patient and the technique 
used1,10. Unpredictable complications may occur dur-
ing the retrieval of separated instruments11. 

Extrusion of separated instruments is a severe com-
plication that is extremely difficult to handle, especially
when fragments extrude into the maxillary sinus or 
soft tissue. Foreign bodies in the maxillary sinus can
cause significant complications such as inflammatory 
reactions, sinusitis and fungal infections12-15, and these 
complications tend to aggravate if the foreign bodies
are not removed12-14,16,17. If the fragment migrates into
the soft tissue, inflammation, infection and secondary
trauma may occur. In general, prompt removal is neces-
sary to avoid further damage to the surrounding tissues,
particularly the vital nerves and blood vessels18-21.

This report aimed to discuss the management of 
separated instruments extruded into the maxillary sinus
cavity and soft tissue using different methods.
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Management of Separated Instruments Extruded into the 
Maxillary Sinus and Soft Tissue: a Case Series
Qian LIAO1, Zi Meng HAN1, Ru ZHANG1, Ben Xiang HOU1

Extrusion of separated endodontic instruments is a frustrating complication that can occur 
during root canal treatment and is difficult to handle. This report aimed to introduce different 
methods to retrieve such separated instruments through three cases with different locations 
of fragments. Fragments extruded completely into the maxillary sinus, partially into the
maxillary sinus and lying in the soft tissue were retrieved using a lateral window approach, 
ultrasonic method and minimally invasive surgery, respectively. These methods can be recom-
mended for retrieving fragments in certain cases.
Key words: lateral wall approach, maxillary sinus, separated instrument, soft tissue, ultra-
sonic technique
Chin J Dent Res 2022;25(1):67–73; doi: 10.3290/j.cjdr.b2752707

One of the complications involved endodontic therapy
is instrument separation within root canals, or worse,
extruded out of the apical foramen1. Instruments may 
include dental burs, barbed broaches, Gates-Glidden
drills, tips of hand instruments, lentulo paste fillers, 
files and reamers2. Instrument separation causes stress
to clinicians and anxiety in patients3. It often occurs in 
the mandibular molars due to the poor access, small
diameter and sharp curvature of the root canals4. The
separation rate has been reported in the range of 0.25% 
to 6.00% for stainless steel instruments, and 1.30% to 
10.00% for NiTi rotary instruments1,5. Instrument separ-
ation happens even to experienced clinicians and can 
frustrate both practitioners and patients.

Conventionally, several techniques have been
attempted for removal of separated instruments, such as
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Case reports

Case 1

A 33-year-old woman was referred to the Department 
of Endodontics at Beijing Stomatological Hospital,
Capital Medical University, for retrieval of a separated 
ultrasonic K15 file fragment. Her primary care dental
practitioner had tried to retrieve the fragment but failed.
Moreover, half of the fragment was extruded out of the 
apex (maxillary left second molar). The patient felt dis-
comfort while chewing. Upon examination, the access 
cavity of the maxillary left second molar was filled with 
temporary material and was sensitive to percussion. The
periapical radiograph and CBCT images revealed the
presence of a fragment approximately 12.0 mm in size in 
the palatal canal, and half of it was in the maxillary sinus
(Figs 1a and b). The measurement between the pala-
tal root apex and the buccal cortex was approximately
12.6 mm (Fig 1c). Periapical periodontitis had resulted 
in bone loss between the palatal root apex and the maxil-
lary sinus floor, and fenestration of the latter (Fig 1d). 

The maxillary left second molar was isolated using 
rubber dam. After removal of the temporary filling, a
straight-line access was modified so that the fragment 
could be seen through a dental operating microscope 
(Opmi 111, Carl Zeiss, Oberkochen, Germany) (Fig 1e). 
A staging platform was then prepared using a Satelec 
ET40 ultrasonic tip (Satelec Acteon, La Ciotat, France)
until 2 to 3 mm of the fragment was exposed. An attempt 

to grasp the fragment using endodontic micro forceps 
(Broken Instrument Removal Kit, Zumax, Jiangsu,
China) was unsuccessful, and moreover, the fragment 
moved forwards apically. The staging and exposure
steps were repeated, and an ET25 ultrasonic tip (Satelec 
Acteon) was placed between the fragment and the sur-
rounding root canal dentinal wall and circulated around 
the fragment in an anticlockwise motion. The vibration 
transmitted to the fragment was supposed to loosen it 
and make it jump out, but unfortunately, the fragment 
extruded beyond the apex completely, which was con-
firmed on the periapical radiograph (Fig 1f). Due to the 
location of the fragment, a lateral window approach was 
chosen instead of conventional apical surgery. Prior to 
surgery, the canals were irrigated using 2.5% sodium 
hypochlorite and dried with paper points. The palatal
canal was obturated with mineral trioxide aggregate and 
the buccal canals were filled with calcium hydroxide.
The cavity was filled with glass ionomer.

Surgery was performed under local anaesthesia 
(4% articaine with 1:100,000 adrenaline). Horizontal 
incision was made in the sulcus from the mesiobuccal 
margin of the maxillary left first molar to the disto-
buccal margin of the maxillary left second molar, and 
a releasing incision was made on the mesial aspect 
of the maxillary left first molar. The mucoperiosteal 
flap was elevated to expose the lateral wall of the 
sinus (Fig 1g). Piezoelectric instruments (Piezosurgery;
Mectron, Genoa, Italy) and a steel fissure bur were used 
to create a 1.0 × 0.8 cm bony window, including the 

Fig 1 (a) A periapical
radiograph revealed a frag-
ment in the maxillary left 
second molar (black arrow).
(b) Half of the fragment 
(approximately 6 mm) was
extruded into the maxillary 
sinus (white arrow). (c) The
distance between the root
apex and the buccal cortex 
was 12.6 mm (white arrow).
(d) Periapical periodonti-
tis and fenestration of the 
maxillary floor could be
observed (white arrow). (e) 

The fragment was located 
in the palatal canal (white 
arrow). (f) The fragment
was extruded completely 
beyond the apex (black 
arrow). (g) The lateral wall 
of the maxillary sinus was 

exposed after flap elevation. (h) The fragment was located in the maxillary sinus (white arrow). (i) Removal of the fragment. (j) A 
postoperative periapical radiograph revealed complete removal of the fragment. B, buccal; P, palatal.
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bony wall of the sinus and the underlying sinus mem-
brane. The sinus cavity was directly under vision, and 
the fragment could be seen through a dental operating 
microscope (Fig 1h). The fragment was then removed 
using endodontic micro forceps (Fig 1i) and a radio-
graph was taken to confirm that removal had occurred 
(Fig 1j). The incision was closed with sutures, which
were removed 1 week later. Oral antibiotics (250 mg 
Cefaclor, three times per day for 7 days) and analgesics
(400 mg Ibuprofen sustained-release capsules, once a
day if necessary) were prescribed postoperatively. After 
2 weeks, the buccal canals were obturated with gutta
percha, and full crown restoration was recommended.

Case 2

A 30-year-old woman with a separated file in the maxil-
lary left second molar was referred to our department 
for retrieval of the fragment. It was a NiTi rotary file 
(25/0.06) that had fractured during a canal enlarging
procedure. According to her dental history, the tooth
was diagnosed as suffering from chronic pulpitis. The 
patient had no symptoms but felt anxious about future 
complications. The access of the tooth cavity was filled 
with temporary filling. The radiographic examination
revealed a fragment in the apical part that was partially 
extruded into the maxillary sinus (Fig 2a). the CBCT 
images revealed a curvature in the middle third of the 
palatal canal, and the fragment was beneath the curva-
ture (Fig 2b). There was no noticeable periapical peri-
odontitis. 

The ultrasonic method was chosen to retrieve the 
fragment. The tooth was isolated with rubber dam, the
temporary filling was removed, and modification was 
performed to gain a straight-line access, as described in

case 1. The end of the file was against the mesial wall of 
the buccal canal because of the curvature (Fig 2c). The 
dentine of the inner wall was partly removed to ensure 
that the end of the fragment could be free in the canal, 
then a staging platform was prepared using an ET40
ultrasonic tip until 2 to 3 mm of the coronal fragment 
was exposed. The fragment was vibrated using an ET25 
ultrasonic tip as described in case 1 until it jumped out 
(Figs 2d and e). Radiographic examination confirmed 
retrieval of the fragment (Fig 2f). Irrigation was done 
with 2.5% NaOCl, and canal shaping, cleaning and 
obturation were performed 1 week later (Fig 2g). All
the procedures were performed with the aid of a dental 
operating microscope.

Case 3

A 45-year-old woman with a separated barbed broach 
lying in the soft tissue was referred to our department 
to retrieve the fragment. Her dental history revealed 
that she had suffered from crown fractures of the maxil-
lary central incisors, and root canal treatment had been
completed on both teeth. Instrument separation occurred 
during root canal treatment of the maxillary right central 
incisor (Fig 3a). The fragment migrated into labial or 
palatal tissue of the maxillary left central incisor (Figs 3a 
and b). Both teeth had temporary filling material (Fig 3c),
with negative reactions to percussion and palpation. A 
CBCT scan taken 2 weeks previously revealed that the 
fragment was 8.5 mm in length, 0.8 mm (cervical point)
and 3.6 mm (apical point) labially to the convex surface
of the labial cortical plate of the maxillary left central
incisor, respectively; 2.9 mm (cervical point) and 4.3 
mm (apical point) perpendicularly to the incisive canal, 
respectively; and 11.7 mm (cervical point) and 20.2 mm 

Fig 2 (a) A periapical radi-
ograph revealed that there 
was a fragment in the max-
illary left second molar, and
it was extruded partly into
the maxillary sinus (white
arrow). (b) There was a cur-rr
vature in the middle third
of the buccal canal (black
arrow) and the maxillary 
sinus floor was covered 
directly on the apical part 
of the maxillary left second 
molar (white arrow). (c) The
fragment was against the 
distal wall of the buccal canal because of the curvature (black arrow). (d and e) Retrieval of the fragment. (f) A radiographic exam-
ination revealed complete removal of the fragment. (g) A periapical radiograph revealed obturation of the canals.
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(apical point) perpendicularly to the fractured margin,
respectively (Figs 3d and e).

After confirming the location on the CBCT scan, a
minimally invasive approach was designed to expose
the apical part of the fragment. After rinsing the
patient’s mouth with 0.2% chlorhexidine solution, local 
anaesthesia (4% articaine with 1:100,000 adrenaline)
was administered. A small vertical incision was made, 
measuring approximately 10.0 mm from the buccal 
vestibule of the maxillary left central incisor to the 
upper lip (Fig 3f); however, the fragment could not be
found with the aid of a dental operating microscope as 
it had migrated further. Thus, another CBCT examin-
ation to relocate it was considered. Suddenly, part of 
the fragment was seen in the mucosa of the upper lip
(Fig 3g), and the fragment was clamped out (Fig 3h).
Sutures were performed, and were removed 7 days 
postoperatively.

Discussion

No agreement has been reached with regard to wheth-
er separated instruments have an effect on prognosis,
but they do compromise the effectiveness of cleaning, 
shaping and obturation procedures1. A study suggested 
that retained instruments do not affect the outcome of 
root canal treatment, but the presence of a preoperative 
periapical lesion reduces the rate of healing22. The pres-
ence of a separated instrument in the root canal makes
patients anxious, and this can have a significant impact 

on treatment outcomes and lead to treatment failure23. 
A separated instrument lying in the soft tissue may 
migrate along with the muscle movement of the upper 
lip; this migration is particularly dangerous in the max-
illofacial soft tissue. Thus, if periapical periodontitis 
exists, the patient is anxious or the separated instrument 
migrates into the soft tissue, it is advisable to remove 
the fragment.

There are various methods for retrieving separated 
instruments. Among them, the ultrasonic technique 
has been reported to be safe and successful8,24,25. This 
technique can be used to retrieve instruments both 
from within the canals and partly extruded in the ap-
ical region26. In case 1, the primary care dental practi-
tioner had attempted to retrieve the fragment using the
ultrasonic method; however, half of the fragment was
extruded into the maxillary sinus. After clinical and 
CBCT examinations, we found that the palatal canal
was large in diameter; thus, we tried using endodon-
tic micro forceps and the ultrasonic method, but the
separated file continued to move forwards into the sinus
cavity. This may be due to the large diameter of the ap-
ical foramen and loss of the periapical bone.

The diameter of the palatal canal foramen of the
maxillary left second molar has been reported to vary
from 0.16 to 1.16 mm, with a mean diameter of 0.44 
mm27. In this case, the palatal canal foramen had a 
large diameter, as visualised through a dental operat-
ing microscope. This may be because of development 
and enlargement by periapical periodontitis or previ-

Fig 3 (a) A periapical radi-
ograph revealed a fragment 
lying near the middle third of 
the root of the maxillary left 
central incisor (white arrow).
(b) The fragment remained 
in the same position after 
root canal treatment on the 
maxillary left central incisor 
(white arrow). (c) The max-
illary central incisors had
crown fractures, and tem-
porary filling material could 
be seen. (d) The measure-
ments between the frag-
ment and the incisive canal 
were 2.9 mm (green arrow) 
and 4.3 mm (blue arrow),

and those between the fragment and the fractured margin were 11.7 mm (orange arrow) and 20.2 mm (red arrow). (e) The measure-
ments between the fragment and the convex surface of the labial cortical plate of the maxillary left central incisor were 0.8 mm (green
arrow) and 3.6 mm (blue arrow). (f) A small vertical incision was made based on the CBCT images. (g) The fragment was located in 
the mucosa (white arrow). (h) Retrieval of the fragment. 
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ous canal enlarging and shaping procedures. Loss of 
periapical bone due to periapical periodontitis was 
confirmed on the CBCT images. The diameter of the 
ultrasonic K15 file was also much smaller than that 
of the apical foramen. A large apical foramen and loss 
of periapical bone provide little resistance to the frag-
ment; thus, the fragment was pushed out easily using 
the ultrasonic method.

In case 2, the separated instrument was also extruded 
partially into the sinus cavity, but the ultrasonic method 
was a good management option in this case. The main 
reasons for this may have been as follows: the mean 
diameters of the mesiobuccal and distobuccal canal
foramen are 0.24 and 0.26 mm, respectively27, smaller 
than that of the palatal canal. According to the patient’s 
dental history, the tooth was diagnosed as affected by
chronic pulpitis, which means that no periapical lesion
existed as shown by the CBCT images, and there was
no inflammatory destruction of the root apex. The NiTi 
fragment (25/0.06) was larger in diameter than that in
case 1. Thus, the foramen and periapical bone could 
prevent the fragment from continuing to slip out of the 
apex in ultrasonic retrieval procedures. 

If separated files extruded into the maxillary sinus
cavity cannot be retrieved using an orthograde ap-
proach or conventional apical surgery, other methods
can be attempted. Many effective methods to retrieve
foreign bodies from the maxillary sinus have been
reported17,28-30. The Caldwell-Luc approach is the most 
commonly recommended method. It is a safe and fast 
procedure to open the canine fossa and gain access to 
the foreign body within the maxillary sinus30,31. The
lateral window approach, commonly used to increase
bone height in dental implant surgery, is also consid-
ered safe, although complications may arise during or 
after surgery32. In case 1, the location and the small
diameter of the fragment made it impossible to be
seen using a Caldwell-Lu approach; thus, the lateral
window approach was chosen. In this case, osteotomy 
was performed using a piezoelectric saw. Piezoelectric 
osteotomy has many advantages such as speed, preci-
sion and minimal bone loss33-35. 

Endoscopy, also known as functional endoscopic 
surgery, is an important alternative to remove a for-
eign body from the maxillary sinus. There are two 
approaches for endoscopy: the nasal cavity approach36

and the oral cavity approach37-39. The nasal cavity ap-
proach, by the middle nasal meatus or inferior nasal
meatus, is minimally invasive, whereas the oral cavity
approach requires a small incision in the canine fossa
for the endoscope28. The excellent illumination and 
magnification of the monitoring system makes the 

surgical field clearly visible. Moreover, the technique
offers the advantages of minimal surgical trauma,
quick recovery and fewer complications40-42. Wang et 
al43 reported the successful removal of a pulp needle
extruded in the maxillary sinus using this technique. In 
practice, however, control of the surgical field might be 
limited, and foreign bodies displaced in the posterior 
and/or upper part of the maxillary sinus are not easily
reachable44.

To retrieve separated instruments, the first step is to
locate the fragment. CBCT examination can provide 
an accurate assessment of tooth morphology45-47 and 
locate fractured instruments48,49. In case 1, CBCT
images revealed the location of the palatal root apex and 
the fragment and aided in choosing the lateral window
approach to remove the fragment. In case 2, the CBCT 
images revealed the curvature of the canal and the 
location of the fragment; thus, complications such as
perforation were avoided during the retrieval procedure. 
In case 3, CBCT images revealed the precise location of 
the fragment, which helped to make a minimally inva-
sive incision to remove the fragment. Unexpectedly, the 
fragment could not be found through the incision, as it 
had migrated further after CBCT examination, prob-
ably during surgery for retraction of the upper lip. Any 
movement of the upper lip such as talking may also 
lead to migration. If the fragment cannot be located dur-
ing surgery, another CBCT examination is necessary. 
During surgery, violent retraction should be avoided in
case the separated fragment migrates to another place. 
Fortunately, in the present case, the fragment migrated 
to the mucosa of the upper lip and could be seen and 
removed easily. 

Conclusion

When separated instruments are partially extruded into
the maxillary sinus, the ultrasonic method can be used 
in cases where the apical foramen has a small diameter,
the fragment has a large diameter, and periapical bone
exists. Surgery is required when fragments have been 
extruded completely into the maxillary sinus. If conven-
tional apical surgery is not possible, the lateral window 
approach is a management option. When separated files
migrate into the soft tissue, minimally invasive surgery 
can be an option, to try to prevent the separated frag-
ments from migrating to other places during surgery. 

Conflicts of interest

The authors declare no conflicts of interest related to 
this study.



772 Volume 25, Number 1, 2022

LIAO et al

Author contribution

Drs Qian LIAO and Zi Meng HAN took part in the
surgical procedures and drafted the manuscript; Dr Ru 
ZHANG revised the manuscript; Dr Ben Xiang HOU
performed all the surgerical procedures and approved 
the final manuscript.

(Received Mar 26, 2021; accepted Sep 07, 2021)

References
1. Madarati AA, Hunter MJ, Dummer PM. Management of intracanal

separated instruments. J Endod 2013;39:569–581.
2. McCoy T. Managing endodontic instrument separation. J Vet Dent 

2015;32:262–265.
3. Pine J. What happens if you break a file during a root canal procedure? 

Oral Health 1996;86:29.
4. Yousuf W, Khan M, Mehdi H. Endodontic procedural errors: Fre-

quency, type of error, and the most frequently treated tooth. Int J Dent 
2015;2015:673914. 

5. Cohen S, Hargreaves K (eds). Pathways of the pulp, ed 11. Kansas:
Elsevier, 2016.

6. Pruthi PJ, Nawal RR, Talwar S, Verma M. Comparative evaluation of 
the effectiveness of ultrasonic tips versus the Terauchi file retrieval 
kit for the removal of separated endodontic instruments. Restor Dent 
Endod 2020;45:e14.

7. Gencoglu N, Helvacioglu D. Comparison of the different techniques 
to remove fractured endodontic instruments from root canal systems. 
Eur J Dent 2009;3:90–95.

8. Shahabinejad H, Ghassemi A, Pishbin L, Shahravan A. Success of 
ultrasonic technique in removing fractured rotary nickel-titanium 
endodontic instruments from root canals and its effect on the required 
force for root fracture. J Endod 2013;39:824–828.

9. Ward JR, Parashos P, Messer HH. Evaluation of an ultrasonic 
technique to remove fractured rotary nickel-titanium endodon-
tic instruments from root canals: An experimental study. J Endod 
2003;29:756–763.

10. Iqbal MK, Kohli MR, Kim JS. A retrospective clinical study of inci-
dence of root canal instrument separation in an endodontics graduate 
program: A PennEndo database study. J Endod 2006;32:1048–1052.

11. Souter NJ, Messer HH. Complications associated with fractured file 
removal using an ultrasonic technique. J Endod 2005;31:450–452.

12. Burnham R, Bridle C. Aspergillosis of the maxillary sinus secondary
to a foreign body (amalgam) in the maxillary antrum. Br J Oral Maxil-
lofac Surg 2009;47:313–315.

13. Selmani Z, Ashammakhi N. Surgical treatment of amalgam fillings 
causing iatrogenic sinusitis. J Craniofac Surg 2006;17:363–365.

14. Macan D, Cabov T, Kobler P, Bumber Z. Inflammatory reaction to
foreign body (amalgam) in the maxillary sinus misdiagnosed as an 
ethmoid tumor. Dentomaxillofac Radiol 2006;35:303–306.

15. Ueda M, Kaneda T. Maxillary sinusitis caused by dental implants: 
Report of two cases. J Oral Maxillofac Surg 1992;50:285–287.

16. Felisati G, Lozza P, Chiapasco M, Borloni R. Endoscopic removal of 
an unusual foreign body in the sphenoid sinus: An oral implant. Clin
Oral Implants Res 2007;18:776–780.

17. Ucer TC. A modified transantral endoscopic technique for the
removal of a displaced dental implant from the maxillary sinus fol-
lowed by simultaneous sinus grafting. Int J Oral Maxillofac Implants
2009;24:947–951.

18.  Callegari L, Leonardi A, Bini A, et al. Ultrasound-guided removal of 
foreign bodies: Personal experience. Eur Radiol 2009;19:1273–1279.

19. Lammers RL. Soft tissue foreign bodies. Ann Emerg Med 
1988;17:1336–1347.

20. Lammers RL, Magill T. Detection and management of foreign bodies
in soft tissue. Emerg Med Clin North Am 1992;10:767–781.

21. Yang XJ, Xing GF, Shi CW, Li W. Value of 3-dimensional CT virtual
anatomy imaging in complex foreign body retrieval from soft tissues.
Korean J Radiol 2013;14:269–277.

22. Spili P, Parashos P, Messer HH. The impact of instrument fracture on 
outcome of endodontic treatment. J Endod 2005;31:845–850.

23. Chatzopoulos GS, Koidou VP, Lunos S, Wolff LF. Implant and root 
canal treatment: Survival rates and factors associated with treatment 
outcome. J Dent 2018;71:61–66.

24. Fu M, Zhang Z, Hou B. Removal of broken files from root canals
by using ultrasonic techniques combined with dental microscope:
A retrospective analysis of treatment outcome. J Endod 2011;37:
619–622.

25. Fu M, Huang X, Zhang K, Hou B. Effects of ultrasonic removal of 
fractured files from the middle third of root canals on the resistance 
to vertical root fracture. J Endod 2019;45:1365–1370.

26. Agrawal V, Kapoor S, Patel M. Ultrasonic technique to retrieve a
rotary nickel-titanium file broken beyond the apex and a stainless 
steel file from the root canal of a mandibular molar: A case report.
J Dent (Tehran) 2015;12:532–536.

27. Wolf TG, Paqué F, Sven Patyna M, Willershausen B, Briseño-Mar-
roquín B. Three-dimensional analysis of the physiological foramen
geometry of maxillary and mandibular molars by means of micro-CT. 
Int J Oral Sci 2017;9:151–157.

28. Hara Y, Shiratsuchi H, Tamagawa T, et al. A large-scale study of 
treatment methods for foreign bodies in the maxillary sinus. J Oral 
Sci 2018;60:321–328.

29. Kim SM. The removal of an implant beneath the optic canal by modi-
fied endoscopic-assisted sinus surgery. Eur Arch Otorhinolaryngol
2017;274:1167–1171.

30. Huang IY, Chen CM, Chuang FH. Caldwell-Luc procedure for 
retrieval of displaced root in the maxillary sinus. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 2011;112:e59–e63. 

31. Ong JC, De Silva RK, Tong DC. Retrieval of a root fragment from
the maxillary sinus--An appreciation of the Caldwell-Luc procedure.
N Z Dent J 2007;103:14–16.

32. Tükel HC, Tatli U. Risk factors and clinical outcomes of sinus mem-
brane perforation during lateral window sinus lifting: Analysis of 120 
patients. Int J Oral Maxillofac Surg 2018;47:1189–1194.

33. Sohn DS, Ahn MR, Lee WH, Yeo DS, Lim SY. Piezoelectric oste-
otomy for intraoral harvesting of bone blocks. Int J Periodontics
Restorative Dent 2007;27:127–131.

34. Sohn DS. Color Atlas, Clinical Applications of Piezoelectric Bone 
Surgery. Seoul: Kunja Publishing Co, 2008.

35. Lee HJ, Ahn MR, Sohn DS. Piezoelectric distraction osteogenesis
in the atrophic maxillary anterior area: A case report. Implant Dent 
2007;16:227–234.

36. Kitamura A, Zeredo JL. Migrated maxillary implant removed via
semilunar hiatus by transnasal endoscope. Implant Dent 2010;19:
16–20.

37. Pagella F, Emanuelli E, Castelnuovo P. Endoscopic extraction of 
a metal foreign body from the maxillary sinus. Laryngoscope
1999;109:339–342.

38. Iida S, Tanaka N, Kogo M, Matsuya T. Migration of a dental implant 
into the maxillary sinus. A case report. Int J Oral Maxillofac Surg
2000;29:358–359.

39. Nogami S, Yamauchi K, Tanuma Y, et al. Removal of dental implant 
displaced into maxillary sinus by combination of endoscopically
assisted and bone repositioning techniques: A case report. J Med 
Case Rep 2016;10:1.



7373Chinese Journal of Dental Research

LIAO et al

40. Matti E, Emanuelli E, Pusateri A, Muniz CC, Pagella F. Transnasal
endoscopic removal of dental implants from the maxillary sinus.
Int J Oral Maxillofac Implants 2013;28:905–910.

41. Manfredi M, Fabbri C, Gessaroli M, Morolli F, Stacchini M. Sur-
gical fenestrated approach to the maxillary sinus like alternative to 
Caldwell-Luc technique. Minerva Stomatol 2019;68:308–316.

42. Levin M, Sommer DD. Endoscopic removal of ectopic sinonasal
teeth: A systematic review. J Otolaryngol Head Neck Surg 2019;48:30.

43. Wang Y, Zhu J, Ma Z. Two rare case report of maxillary sinus foreign 
body [in Chinese]. Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi
2015;29:2011–2012. 

44. Biglioli F, Chiapasco M. An easy access to retrieve dental implants
displaced into the maxillary sinus: The bony window technique. Clin 
Oral Implants Res 2014;25:1344–1351.

45. Patel S, Dawood A, Ford TP, Whaites E. The potential applications of 
cone beam computed tomography in the management of endodontic 
problems. Int Endod J 2007;40:818–830.

46. Patel S. New dimensions in endodontic imaging: Part 2. Cone beam 
computed tomography. Int Endod J 2009;42:463–475.

importance of cone-beam computed tomography in the manage-
ment of endodontic problems: A review of the literature. J Endod 
2014;40:1895–1901.

48. Tyndall DA, Kohltfarber H. Application of cone beam volumetric
tomography in endodontics. Aust Dent J 2012;57(suppl 1):72–81.

49. American Association of Endodontists, American Academy of Oral
and Maxillofacial Radiology. Use of cone-beam computed tomog-
raphy in endodontics Joint Position Statement of the American As-
sociation of Endodontists and the American Academy of Oral and 
Maxillofacial Radiology. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2011;111:234–237.



774 Volume 25 Number 1, 2020

Chinese Journal of  
Dental Research

GUIDELINES FOR AUTHORS

Chinese Journal of Dental Researchh

Manuscript submission
Chinese Journal of Dental Research 

Format of Papers

Preparation of manuscripts

Title page

Abstract and keywords:

Introduction:

Materials and Methods:

Results:

Discussion:

Acknowledgements:

References:

Figures and Tables:

Case reports

Revised Manuscripts



5TH INTERNATIONAL TH
E 

DENTAL SYMPOSIUM
2022.4.16      17 SU

N

SA
T

[Location] Tokyo International Forum
Some sessions will be broadcasted online
Changes might occur due 
to  COVID-19  pandemic

100th ANNIVERSARY
of GC CORPORATION

Hy
br

id 
Ev

en
t

GC official 
website 
and app

GC Get 
Connected

Unbenannt-6   1 06.09.21   11:47




