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"Nostalgia"

The “Imagery” section of Journal of Yeungnam Medical Science (JYMS) is devoted to the artistic and imaginative qualities of our readers. JYMS invites you 
to submit your drawings, illustrations, or photographs, along with appropriate explanatory information, for publication within this section. Please forward 
electronic images via e-mail to: jyms@yu.ac.kr.
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Appreciation to peer reviewers in 2023 
So-Young Park     

Department of Physiology, Yeungnam University College of Medicine, Daegu, Korea  

Received: December 10, 2023 • Revised: December 14, 2023 • Accepted: December 18, 2023 • Published online: January 4, 2024 
Corresponding author: So-Young Park, MD, PhD 
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Once again, I would like to thank all the authors, readers, and edi-
torial board members for another successful year for the Journal of 
Yeungnam Medical Science ( JYMS) in 2023. JYMS would not be 
where it is today without the dedication of the reviewers, who have 
put considerable time and effort into assessing the manuscript and 
supporting the authors with helpful suggestions. Reviewer devo-
tion is always an essential part of the editorial process, and we are 
appreciative of all those who participated this year. 

There was good news about JYMS in 2023. JYMS was finally ac-
cepted for indexing in Scopus (March 11, 2023) [1]. In addition, 
JYMS was accepted into the Emerging Sources Citation Index 
(ESCI) (September 20, 2023) [2]. The coverage in Scopus and 
ESCI begins with journal content published in JYMS, Volume 39 
Issue 1, 2022. JYMS is currently indexed in the two databases. 

JYMS published 95 articles in 2023, of which 82 (86.3 %) were 
by Korean authors, and 13 (13.7%) were by authors from 11 for-
eign countries (Fig. 1). Bibliometric statistics for the total citations 
are presented in Fig. 2 and Supplementary Table 1. Readership has 
expanded to 173 countries in 2023, according to access statistics 
(Fig. 3). The total number of citations has increased continuously. 
In 2023, JYMS was cited 381 times in the Crossref Metadata, 307 
times in Scopus, and 313 times in the Web of Science Core Collec-
tion. The manually calculated impact factor in the Web of Science 
increased from 0.29 in 2020 to 1.29 in 2023 (137 citations/106 
documents from 2021 to 2022; calculated on January 2, 2024). 

The CiteScore manually calculated by Scopus increased from 0.21 
in 2020 to 0.93 in 2023 (235 citations/253 documents from 2020 
to 2023; calculated on January 2, 2024). The overall acceptance 
rate for submitted manuscripts decreased from 55.1% in 2020 to 
26.7% in 2023 (calculated on January 2, 2024). 

JYMS is continuously growing towards becoming a prestigious 
journal in general medicine. To achieve this, the editorial board of 
JYMS will invite active researchers from all over the world as re-
viewers in 2024.  

Below are the names and affiliations of the reviewers for 2023. 
The editorial board would like to thank the reviewers again for 
their contributions and would appreciate their ongoing interest 
and support in 2024. 

India: Boyapati Ramanarayana, Sibar Institute of Dental Sciences
Italy: Felice Galluccio, University of Florence; Vincenzo Ricci, 

Luigi Sacco University Hospital
Korea: Pyunggoo Cho, Ajou University; Min-Ho Hong, Catho-

lic University of Pusan; Ho Goon Kim, Kyo Seon Lee, and Kyung 
Jin Oh, Chonnam National University; Du Hwan Kim, Chung-
Ang University; Chang-Won Moon, Chungnam National Univer-
sity; Hyunsuk Choi, Jun Woo Cho, Yun-Ho Jeon, Jae-seok Jang, 
Chang-Yeon Kim, Jinkyung Kim, Geon Ho Lee, Young Soo Lee, 
Suk-Bong Koh, Joonsoo Park, and Jeong Eun Song, Daegu Catho-
lic University; Young-Eun Lee, Daegu Health College; Sang-Kyu 
Kim and Jeong Ill Suh, Dongguk University; Hyo-Jeong Kim, Eulji 
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Fig. 1. Number of articles published in Journal of Yeungnam 
Medical Science in 2023 according to the authors’ countries.
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Fig. 2. Number of total citations of articles published in Jour-
nal of Yeungnam Medical Science articles in Crossref Metada-
ta, Scopus, and Web of Science Core Collection from 2019 to 
2023 (calculated on January 2, 2024).

Fig. 3. Top 10 countries with access to Journal of Yeungnam Medical Science in 2023 (https://e-jyms.org/metrics/metrics_total_
down_ref.php).
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Supplementary Table 1 can be found at https://doi.org/10.12701/
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Biomaterials have been used to supplement and restore function and structure by replacing or restoring parts of damaged tissues and 
organs. In ancient times, the medical use of biomaterials was limited owing to infection during surgery and poor surgical techniques. 
However, in modern times, the medical applications of biomaterials are diversifying owing to great developments in material science 
and medical technology. In this paper, we introduce biomaterials, focusing on calcium phosphate ceramics, including octacalcium 
phosphate, which has recently attracted attention as a bone graft material. 

Keywords: Bioceramics; Biomaterials; Bone substitutes; Hydroxyapatite; Octacalcium phosphate  
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Introduction 

1. What are biomaterials? 
The term “biomaterials” is a complex concept with different inter-
pretations that make it difficult to define in a few words. Different 
countries and agencies have various definitions [1-5]. From the 
simplest definition of “any materials used as implant” [1] to the 
more detail definition employed by the U.S. National Institute of 
Health that describes a biomaterial as “any substance or combina-
tion of substances, other than drugs, synthetic or natural in origin, 
which can be used for any period of time, which augments or re-
places partially or totally any tissue, organ or function of the body, 
in order to maintain or improve the quality of life of the individual” 
[2]. Those definitions can be narrowly summarized as materials 
that can complement and restore functions by replacing or repair-
ing parts of damaged tissues and organs in the living body, and in a 

broad sense, materials for diagnosing and treating diseases of the 
human body (Table 1). 

Biomaterials have been used for medical purposes since ancient 
times, as exemplified by, for example, sea shells as a substitute for 
missing teeth, skull prostheses using gold plates, and sutures using 
linen or catgut [5,6]; however, they were considered experimental 
because of poor surgical techniques and conditions [5]. 

At the turn of the 19th century, on the basis of the pioneering 
microbiology of Louis Pasteur (AD 1822–1895) [7] and aseptic 
surgical technique of Joseph Lister (AD 1827–1912) [8], the im-
provements in surgical environments promoted research and de-
velopment in material science. The concept of biomaterial bio-
compatibility was also established as biological reactions based on 
the properties of the biomaterial were understood [9]. Modern 
material engineering has led to the development of biomaterials 
and has achieved unprecedented development along with the 
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medical technology developed during World War II [10-12]. 
In this article, we introduce biomaterials focusing on calcium 

phosphate ceramics, including octacalcium phosphate (OCP), 
which has recently attracted attention.  

2. Types and characteristics of biomaterials  
The most common way to classify biomaterials is to divide them 
into metals, ceramics, polymers, and composites, according to the 
type of material (Table 2). Another classification method is based 
on their interaction with the biological environment, dividing 
them into bioinert, bioactive, biodegradable, and resorbable mate-
rials (Table 3). Depending on their origin, they can also be classi-
fied as natural or synthetic materials [5,13]. 

Metals are solid materials composed of elements such as Fe, Ni, 
Ti, Cr, Co, and Mo. Owing to the high toughness and ductility of 
metals, the manufacturing process is relatively simple and can easi-
ly be applied to various shapes [14,15]. Owing to their excellent 
mechanical properties, such as strength, abrasion, elasticity, and 
durability, metals are used as replacements for hard tissues such as 
teeth, bones, and joints. However, because of its low biocompati-
bility and susceptibility to corrosion, the material can lose its origi-
nal properties, allowing the corrosion to penetrate the surrounding 
tissues and induce an inflammatory reaction [16]. In addition, 
metals can cause side effects due to metal ion elution; therefore, 
they are used in the form of alloys rather than pure metals [17]. 

Ceramics are nonmetallic inorganic solid materials composed of 
elements such as Ca, P, K, Na, and Si. Owing to their excellent bio-
compatibility, high compressive strength, and wear resistance, they 
are used in dental implants, crowns, bone substitutes, and bone ce-
ments. However, the inherent brittleness of ceramics and the com-
plicated manufacturing process compared to other materials are 
obstacles to their medical application [18,19]. 

Polymers are substances or materials consisting of very large 
molecules called macromolecules that are composed of many re-
peating subunits. Polymers composed of a variety of materials are 
used in various medical fields because they can be manufactured 
with specific physical and chemical properties and relatively com-

plex shapes [20]. However, the low mechanical strength, easy de-
formation, and deterioration of polymers are disadvantages for 
medical applications. Polymeric materials are used in a wider vari-
ety of fields than metal or ceramic materials, which are mainly used 
as substitutes for hard tissues. Polymers are frequently use in su-
tures, blood vessels, artificial joints, artificial tissues, and organs 
[21]. In addition to synthetic polymers, naturally derived poly-
mers with excellent biocompatibility have been used. Natural poly-
mers include collagen, gelatin, elastin, fibrin silk, hyaluronic acid, 
and heparin [22]. 

Composite materials involve the complex use of two or more 
materials. In the case of coating a scaffold surface, composite mate-
rials possess both the physical strength of the base material and the 
high biocompatibility of the coating material; however, the manu-
facturing process is complicated for composites [23,24]. 

3. Requirements of biomaterials 
Because biomaterials replace damaged body parts, they must have 
adequate mechanical strength, chemical stability, and fatigue 
strength to maintain the biological function and shape of the tis-
sues [25,26]. Another essential requirement for biomaterials that 
are inserted into the human body is biocompatibility [27]. Be-
cause most medical devices made of biomaterials are inserted into 
or make contact with the human body, the safety of cells and tis-
sues around the inserted medical device is of paramount impor-
tance. The biomaterial should not be toxic or damage surrounding 
cells or tissues [28]. In addition, biomaterials must exhibit a high in 
vivo stability. Implanted materials are often easily hydrolyzed or de-
teriorated by the environment in the human body [29]. Therefore, 
it is necessary to improve the safety and efficacy of biomaterials in 
a living body through surface modification of the material. 

For the production of medical devices, biomaterials must be 
easy to process and sterilize. In general, it is difficult to manufacture 
medical devices aseptically. Thus, post-manufacturing sterilization 
is required, and the mechanical, chemical, and biological proper-
ties of the final biomaterials must not be altered by this process 
[30].  

Table 1. Applications of biomaterials 

Indication Example
Replacement of diseased or damaged part Artificial joints, bone substitute, and kidney dialysis machine
Assist in healing Sutures, bone plates, and screws
Improve function Cardiac pacemaker, intraocular lens
Correct functional abnormality Cardiac pacemaker
Correct cosmetic problem Augmentation mammoplasty
Aid to diagnosis Probes and catheters
Aid to treatment Catheters, drains

Adapted from Parida et al. [61] according to the Creative Commons License.
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Bioceramics 

Biomaterials can be classified into organic and inorganic materials. 
Organic materials contain elements such as C, O, N, and H as their 
main components and include wood, paper, and natural fibers. In-
organic materials are nonorganic materials such as metals, stone, 
and soil, and are further subdivided into metallic and nonmetallic 
materials. Metallic materials are composed solely of metals such as 
Fe, Mg, Al, Ag, and Cu or a mixture (alloy) thereof. Materials in 
which the metallic elements are ionically bonded to anions, includ-
ing oxygen, or covalently bonded to each other are called nonme-
tallic inorganic materials or ceramic materials [31]. A ceramic is a 
product obtained by forming a metal oxide or nonmetal com-
pound and then sintering it at a high temperature. 

In general, pottery, cement, and glass made through sintering af-
ter the formation of nonmetallic inorganic materials are called tra-
ditional ceramics. High-purity ceramic powders are called fine ce-
ramics and are used to make bioceramics, electronic products, or 
communication products [32]. Bioceramics are materials used to 
treat, reinforce, replace, or restore the functions of human tissues or 
organs for short or long periods of time. Bioceramics can be divid-
ed into bioinert, bioactive, and biodegradable types, according to 
their biological reactions. Bioinert bioceramics do not cause in-
flammation or toxicity when implanted into a living body and are 
bonded through the formation of surrounding fibrous tissue rather 
than directly binding to the surrounding living tissue. Alumina 
(Al2O3), zirconia (ZrO2), and carbon are included in this category 
[33]. Bioactive ceramics react with tissues and form chemical 
bonds directly, but only on the surface of the biomaterial. Bioglass 
and hydroxyapatite (HA) belong in this category. Biodegradable 
ceramics are chemically unstable biomaterials that gradually resorb 

and eventually disappear in the human body over time, and this re-
sorbed space is filled with new human tissue. β-Tricalcium phos-
phate (β-TCP), OCP, metacalcium phosphate, and plaster of Paris 
(gypsum) are included in this category [33,34]. 

Calcium phosphate bioceramics 

Calcium phosphate materials are composed of Ca, P, O, and H, 
and there are several types according to the atomic ratio of calcium 
to phosphorus [33] (Table 4). Because of their chemical similarity 
to human hard tissues, calcium phosphate-based bioceramics are 
attracting attention as they directly combine with hard tissue or re-
generate bone without inflammatory reactions or new fibrous tis-
sue formation when applied in vivo [35]. The term “bioceramics” 
refers to ceramic products manufactured using ceramic or precur-
sor materials. 

Calcium phosphate-based ceramics have different thermody-
namic properties depending on the ratio of calcium to phosphorus 
and show solubility differences in the human body or in solutions 
similar to body fluids. When various calcium phosphate-based ce-
ramics are inserted into a living body, they exhibit different biologi-
cal reactions with surrounding tissues [36]. In particular, calcium 
and phosphate ions released into the tissue greatly influences bone 
regeneration [37]. Calcium phosphate-based ceramics are classi-
fied as bioactive and biodegradable, according to their Ca/P ratios. 
However, the dissolution properties of calcium phosphate-based 
minerals depend on the pH of the solution. Furthermore, calcium 
phosphate-based ceramics exhibit excellent hydrophilicity and 
promote cell attachment and proliferation [38]. By replacing mon-
ovalent cations such as Na+, K+, and Li+, and divalent cations such 
as Sr2+, Ba2+, Pb2+, Mn2+, Sn2+, Zn2+, and Al3+, or by creating defects, 

Table 2. Classification and characteristics of biomaterials 

Type Advantage Disadvantage Example
Metal Strong, ductile Corrode Titanium and its alloys, magnesium and its alloys, stainless steel alloys, Au, 

Ag, etc.
Ceramic Biocompatible Brittle property Calcium phosphate, carbon, silica, alumina, zirconia, etc.
Polymer Resilient Low strength Polycaprolactone, polyethylene, alginate, collagen, etc.
Composite Tailor made, multiple properties Difficult manufacturing Metal-based composite, ceramic-based composite, polymer-based com-

posite, etc.

Table 3. Classification of bioceramics according to bioactivity

Type Interaction with adjacent tissue Example
Bioinert No interaction but fibrotic capsule formation Carbon, zirconia, alumina, sintered hydroxyapatite, etc. Ti, stainless 

steels.
Bioactive Surface interaction and direct bonding Bioglass, AW-GC (apatite/wollastonite containing glass-ceramic),  

synthetic hydroxyapatite, etc.
Bioresorbable Slow resorption and progressive replacement with tissues β-tricalcium phosphate (β-TCP), octacalcium phosphate (OCP), calcium 

sulfate, etc.
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the physical properties of minerals can be changed. They can also 
be subjected to high-temperature treatment to impart other prop-
erties. During high-temperature treatment, some calcium phos-
phate-based ceramics may change into minerals with low Ca/P ra-
tios owing to the volatilization of phosphate [39]. 

1. Dicalcium phosphate dihydrate 
The mineral name for dicalcium phosphate dihydrate (DCPD) is 
brushite, and it is a component of calculi in the body. It is stable in 
an acidic environment and has a fast growth rate; therefore, it can 
be easily obtained in aqueous solutions. In addition, clinical results 
have shown that DCPD is more soluble than HA; therefore, 
DCPD is absorbed quickly in vivo and promotes bone formation 
[40]. Calcium is widely used in the food industry in addition to 
bone cement. 

2. Hydroxyapatite 
Synthetic HA is more crystalline and richer in calcium ions than 
natural bone is. Although CO3

2– ions are partially substituted in the 
crystal structure of HA in natural bone, the basic chemical formula 
or crystal structure is very similar to that of synthetic HA [33,34]. 
Therefore, when an HA medical device is implanted into the body, 
an amorphous Ca-P mineral is formed on the surface of the HA, 
and after several months, an apatite layer similar to bone is formed. 
After a longer period (more than 6 months), direct bonding be-
tween the bone collagen fibers and HA occurs. Owing to these 
bioactive properties, HA is most commonly used as an artificial 
bone substitute. HA is more stable when the c-axis length in the 
unit cell is short and the pH is high. In contrast, solubility increases 
as pH decreases. When the OH of HA is substituted with F, the 
c-axis length in the unit cell shortens significantly, resulting in 
chemical stability. However, the use of fluoroapatite in large quanti-
ties is restricted because it must be within the permissible range of 
fluorine compounds in the body [41]. 

Comparing the mechanical properties of natural bone and sin-
tered artificial HA, the tensile strength of natural cortical bone is 
approximately 150 MPa and that of sintered artificial HA is ap-
proximately 100 MPa. Artificial HA has low strength and is prone 

to fracture, while natural bone has higher toughness than artificial 
bone because the collagen and nanometer-sized HA crystals form 
a complex. Therefore, synthetic HA is suitable when large loads are 
not required, and metal implants are commonly coated with HA 
for load-bearing applications. HA powder is easily synthesized by 
dry, wet, or hydrothermal treatments. Xenogeneic HA bone ob-
tained by high-temperature treatment of natural bone has crystal-
linity and strength similar to that of synthetic HA, but its Ca/P ra-
tio and surface morphology are similar to those of natural bone 
[42]. 

3. Tricalcium phosphate 
α-Tricalcium phosphate (α-TCP) possesses good biocompatibility, 
but it is chemically unstable and its biodegradation rate is fast. 
Therefore, in the past, cell attachment, proliferation, and differenti-
ation on the surface of α-TCP biomaterials were difficult, limiting 
their applications as bone graft materials. However, in recent years, 
many studies have been conducted on the use of α-TCP as calcium 
phosphate-based cement. Thus, bone cement can be obtained by 
mixing α-TCP with other calcium phosphate-based materials. 
α-TCP can be obtained by heating β-TCP to a temperature of 
1,300°C or higher and rapidly cooling it. α-TCP has the same 
chemical formula as β-TCP and both have excellent biocompatibil-
ities; however, α-TCP is metastable at room temperature and is re-
sorbed more rapidly in the body. When α-TCP is used as cement, 
calcium-deficient HA is finally produced after the cement reaction 
and is rapidly hydrolyzed in the human body [33,43]. 

β-TCP, similar to α-TCP, does not exist naturally in the body; 
therefore, it is artificially synthesized and used. β-TCP is mainly 
produced by treating HA at high temperatures. Because β-TCP is 
rapidly biodegraded in the human body, it is used as a bone graft 
material by mixing with nonbiodegradable HA. This bone graft 
material is called biphasic calcium phosphate, which is mixed in 
varying proportions to control the biodegradation rate. In general, 
products with a mixing ratio of HA and β-TCP of 6:4 or 7:3 are 
common, and more types of these products are being commercial-
ized than those manufactured with HA or β-TCP alone [34,44]. 

Unlike α-TCP, β-TCP is used as resorbable filler for bone cement 

Table 4. Types of calcium orthophosphate ceramics according to Ca/P ratio 

Ca/P ratio Chemical formula Compound Abbreviation
0.5 Ca(H2PO4)2·H2O Monocalcium phosphate monohydrate MCPM
1.0 CaHPO4·2H2O Dicalcium phosphate dihydrate DCPD
1.33 Ca8H2(PO4)6·5H2O Octacalcium phosphate OCP
1.5 α-Ca3(PO4)2 α-Tricalcium phosphate α-TCP
1.5 β-Ca3(PO4)2 β-Tricalcium phosphate β-TCP
1.67 Ca10(PO4)6(OH)2 Hydroxyapatite HA
1.67 Ca10(PO4)6F2 Fluorapatite FA
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and is used for the purpose of controlling the rate of biodegrada-
tion. Bone cement hardener and β-TCP powder are mixed to form 
a slightly viscous paste, similar to toothpaste, which is then used to 
fill bone defects. Over time, the material hardens through cement 
reactions (hydration reactions, acid-base reactions, etc.). These 
products can be used clinically to fill bone defects more effectively 
than products in powder form [19].  

4. Octacalcium phosphate  
OCP is a calcium phosphate-based material with a calcium to 
phosphorus ratio of 1.33 and is a precursor of biological HA in the 
human body. OCP is a thermodynamically unstable substance that 
is ultimately converted into HA, a stable substance, in the human 
environment [45,46]. The OCP crystal has a water layer between 
two layers of apatite, similar to the chemical formula (Ca8H2 

(PO4)6 5H2O) (Fig. 1). In a physiological environment, the water 
layer is removed from the OCP and the two apatite layers combine 
to form HA crystals (Fig. 1) [47,48]. Because of its crystallograph-
ic and chemical similarities, OCP has been proposed as a precursor 
to bioapatite crystals in bones and teeth [49]. The excellent osteo-
conductivity of OCP has been demonstrated in many animal stud-
ies [50,51]. Nevertheless, there have been limitations to many clin-
ical applications due to the OCP bone graft production process 
and lack of mass production of OCP material [52]. 

Owing to the problem of mass production of OCP materials, 
the Suzuki research group has been conducting investigations on 
combining OCP with other materials, such as collagen, gelatin, 
and alginate, rather than using pure OCP [53]. In a series of in vi-
tro, animal, and clinical studies, this group demonstrated that bone 
graft materials containing OCP had much better bone regenera-
tion than those made of HA or TCP [54,55]. For the first time, this 
research team recently developed a method for the mass produc-

tion of OCP materials and published excellent animal and clinical 
research results for new bone regeneration with high-purity OCP 
bone graft materials. 

Anada et al. [56] examined the osteoblast differentiation capaci-
ty of OCP after seeding mouse bone marrow stromal ST-2 cells on 
dishes pre-coated with OCP and HA. When the ST-2 cells were 
cultured in OCP-coated wells, alkaline phosphatase (ALP) enzy-
matic activity gradually increased with increasing OCP concentra-
tions. However, in the HA-coated group, ALP activity remained 
constant regardless of the HA content. In addition, OCP enhanced 
the expression of osteogenic markers, including osterix, collagen I, 
and ALP, on day 21 of culture. Therefore, OCP has the potential to 
improve osteoblast differentiation than HA. 

In another study, Shiwaku et al. [57] showed that large tar-
trate-resistant acid phosphatase–positive cells, representing multi-
nucleated osteoclasts, were more frequently observed in cultures 
with biodegradable OCP or β-TCP discs than in those with 
non-degradable HA discs. The ability of OCP to form osteoclasts 
was almost the same as that of β-TCP, whereas the expression pat-
terns of the coupling factors varied depending on the type of calci-
um phosphate. β-TCP and an HA/β-TCP mixture induced ephrin 
B2 and collagen triple helix repeat containing 1 expression, where-
as OCP and HA/OCP mixtures promoted complement 3a ex-
pression. 

The superiority of OCP bone graft material was demonstrated 
in a comparative study between HA and β-TCP. Kamakura et al. 
[58] used a composite material by adding collagen to OCP, HA, 
and β-TCP and implanted it into a rat calvarial defect, followed by 
radiographic and histological examinations. They found that im-
planted OCP/collagen composites improved bone regeneration 
more than HA and β-TCP/collagen bone graft materials. New 
bone formation was also observed in the transplanted β-TCP/col-

Fig. 1. The unit cell of the octacalcium phosphate and hydroxyapatite phase is visualized with the VESTA (Visualisation for Elec-
tronic Structural Analysis) program.
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lagen group, and β-TCP resorption was not evident. In the case of 
HA/collagen, new bone formation was less pronounced than that 
of OCP/collagen and β-TCP/collagen. The authors concluded 
that the OCP/collagen composite material showed superior osteo-
genesis compared to the other materials. 

In an animal study by Kim et al. [51], implanted pure OCP bone 
substitutes showed significant levels of osteogenic activity after 4 
weeks. A high density of osteoblasts and new bone formation were 
observed around the implanted OCP granules (Fig. 2A). These 
histological findings strongly suggest that in addition to providing 
the basis for the crystallographic structure during bone regenera-
tion, the OCP material itself promotes the homing and prolifera-
tion of bone-forming cells. After 12 weeks, most of the OCP bone 
graft material was resorbed, providing space for new bone forma-
tion (Fig. 2B). 

Several clinical trials have been conducted using OCP bone graft 
materials. OCP/collagen was placed in the nasal cavity and ex-
traction socket of the left maxillary lateral incisor [59]. No infec-
tions or neoplastic lesions were observed at the treatment sites 
during the 7-year follow-up period. Moreover, no negative effects 
on neighboring teeth, such as mobility or loss, were confirmed. 
Hence, it can be stated that OCP/collagen was properly resorbed 
and replaced with new bone tissue. In addition, the newly formed 
bone due to the OCP/collagen showed affinity for and stably fixed 

the inserted dental implant. 
In another clinical study by Kim et al. [60], eight implants were 

placed in three patients who underwent maxillary sinus or alveolar 
bone grafting using OCP bone graft material. Except for mild 
swelling at the surgical site, none of the patients developed any 
postoperative complications. Four months after implantation, the 
implant stability quotient values were above 60 for all implants, in-
dicating good implant stability. For site No. 16 of case 3, in which 
the maxillary sinus and ridge grafts were performed using OCP 
bone graft material, histological analysis revealed that new bone 
was deposited around the remaining grafted bone and the new 
bone was well integrated. No foreign body reactions or signs of in-
flammation were observed. Thus, the unique and excellent ability 
of OCP to generate new bone has been clinically and radiologically 
confirmed. Unlike HA and β-TCP, OCP appears to provide a start-
ing site for new bone formation and eventually promotes bone re-
generation [54]. 

Conclusion 

The results of studies on the excellent osteogenesis performance of 
OCP bone substitutes are of great significance in that they have 
emerged as a breakthrough that can overcome the disadvantages of 
existing naturally derived bones (allogeneic bone, xenogeneic 

Fig. 2. Micrographs of octacalcium phosphate (OCP)-implanted tibial defect in the rabbit after 4 weeks and 12 weeks. (A) At 4 
weeks, OCP granules (*) are visible. Active new bone formation is observed with osteoblasts (arrows) and osteocytes in lacunae 
(arrowheads). (B) At 12 weeks, compact bone is achieved via new bone formation with osteons (O). OCP granules are largely ab-
sorbed (hematoxylin and eosin stain).
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bone) and synthetic bones. Despite the excellent capacity of OCP 
to generate new bone, its commercialization and applications have 
been limited in the past by the inability to produce high-purity 
OCP materials. Research on the mass production of OCP has 
been continuously conducted in countries around the world for 
the past 40 years, but only recently has the world's first high-purity 
OCP synthesis method and low-temperature manufacturing pro-
cess for OCP bone been developed in Korea. Recently, domestic 
companies using these technologies have succeeded in commer-
cializing bone substitutes based on OCP, and it is expected that the 
limitations of current bone graft materials can be overcome in clin-
ical applications. 

Article information 

Conflicts of interest 
No potential conflict of interest relevant to this article was report-
ed. 

Funding 
This research was funded by a National Research Foundation of 
Korea Grant funded by the Korean Government (Ministry of Edu-
cation; NRF-2017R1D1A3B03032090). 

Author contributions 
Conceptualization, Data curation: all authors; Formal analysis, Su-
pervision: IS; Funding acquisition: SK, IS; Validation: SK; Writ-
ing-original draft: JK, SK; Writing-review & editing: SK, IS. 

ORCID 
Jooseong Kim, https://orcid.org/0000-0002-9015-8893 
Sukyoung Kim, https://orcid.org/0000-0002-1382-2041 
Inhwan Song, https://orcid.org/0000-0002-0573-1836 

References 

1. Cohen J. Biomaterials in orthopedic surgery. Am J Surg 1967; 
114:31–41.  

2. National Institute of Health (NIH). Clinical applications of bio-
materials: National Institute of Health Consensus Development 
Conference statement [Internet]. Bethesda, MD: NIH; 1982 
[cited 2023 Jan 24]. https://consensus.nih.gov/1982/1982Bio-
materials034html.htm.

3. Williams DF; European Society for Biomaterials. Definitions in 
biomaterials: proceedings of a consensus conference of the Eu-
ropean Society for Biomaterials, Chester, England, March 3-5, 
1986. Amsterdam: Elsevier; 1987. 

4. Williams DF. The Williams dictionary of biomaterials. Liver-
pool: Liverpool University Press; 1999. 

5. Marin E, Boschetto F, Pezzotti G. Biomaterials and biocompati-
bility: an historical overview. J Biomed Mater Res A 2020;108: 
1617–33. 

6. Arnott R. Surgical practice in the prehistoric Aegean. Medizin-
hist J 1997;32:249–78. 

7. Bordenave G. Louis Pasteur (1822-1895). Microbes Infect 
2003;5:553–60. 

8. Newsom SW. Pioneers in infection control-Joseph Lister. J 
Hosp Infect 2003;55:246–53. 

9. Williams DF. On the mechanisms of biocompatibility. Biomate-
rials 2008;29:2941–53. 

10. Datta LP, Manchineella S, Govindaraju T. Biomolecules-derived 
biomaterials. Biomaterials 2020;230:119633. 

11. Basu B, Gowtham NH, Xiao Y, Kalidindi SR, Leong KW. Bio-
materialomics: data science-driven pathways to develop 
fourth-generation biomaterials. Acta Biomater 2022;143:1–25. 

12. Enderle JD, Bronzino JD. Introduction to biomedical engineer-
ing. Amsterdam: Elsevier/Academic Press; 2012. 

13. Kargozar S, Ramakrishna S, Mozafari M. Chemistry of biomate-
rials: future prospects. Curr Opin Biomed Eng 2019;10:181–
90. 

14. Yang K, Zhou C, Fan H, Fan Y, Jiang Q, Song P, et al. Bio-func-
tional design, application and trends in metallic biomaterials. Int 
J Mol Sci 2017;19:24. 

15. Prasad K, Bazaka O, Chua M, Rochford M, Fedrick L, Spoor J, 
et al. Metallic biomaterials: current challenges and opportuni-
ties. Materials (Basel) 2017;10:884. 

16. Manivasagam G, Dhinasekaran D, Rajamanickam A. Biomedi-
cal implants: corrosion and its prevention-a review. Recent Pat-
ents Corros Sci 2010;2:40–54. 

17. Szczęsny G, Kopec M, Politis DJ, Kowalewski ZL, Łazarski A, 
Szolc T. A review on biomaterials for orthopaedic surgery and 
traumatology: from past to present. Materials (Basel) 2022; 
15:3622. 

18. Vallet-Regí M. Ceramics for medical applications. J Chem Soc 
Dalton Trans 2001;(2):97–108. 

19. Kenny SM, Buggy M. Bone cements and fillers: a review. J Ma-
ter Sci Mater Med 2003;14:923–38. 

20. Goor OJ, Hendrikse SI, Dankers PY, Meijer EW. From supra-
molecular polymers to multi-component biomaterials. Chem 
Soc Rev 2017;46:6621–37. 

21. Gribova V, Crouzier T, Picart C. A material’s point of view on re-
cent developments of polymeric biomaterials: control of me-
chanical and biochemical properties. J Mater Chem 2011;21: 
14354–66. 

https://doi.org/10.12701/jyms.2023.0001010

Kim et al.  Octacalcium phosphate, a promising bone substitute material

https://doi.org/10.1016/0002-9610(67)90037-2
https://doi.org/10.1016/0002-9610(67)90037-2
https://consensus.nih.gov/1982/1982Biomaterials034html.htm
https://consensus.nih.gov/1982/1982Biomaterials034html.htm
https://doi.org/10.1002/jbm.a.36930
https://doi.org/10.1002/jbm.a.36930
https://doi.org/10.1002/jbm.a.36930
https://www.ncbi.nlm.nih.gov/pubmed/9531784
https://www.ncbi.nlm.nih.gov/pubmed/9531784
https://doi.org/10.1016/s1286-4579(03)00075-3
https://doi.org/10.1016/s1286-4579(03)00075-3
https://doi.org/10.1016/j.jhin.2003.08.001
https://doi.org/10.1016/j.jhin.2003.08.001
https://doi.org/10.1016/j.biomaterials.2008.04.023
https://doi.org/10.1016/j.biomaterials.2008.04.023
https://doi.org/10.1016/j.biomaterials.2019.119633
https://doi.org/10.1016/j.biomaterials.2019.119633
https://doi.org/10.1016/j.actbio.2022.02.027
https://doi.org/10.1016/j.actbio.2022.02.027
https://doi.org/10.1016/j.actbio.2022.02.027
https://doi.org/10.1016/j.cobme.2019.07.003
https://doi.org/10.1016/j.cobme.2019.07.003
https://doi.org/10.1016/j.cobme.2019.07.003
https://doi.org/10.3390/ijms19010024
https://doi.org/10.3390/ijms19010024
https://doi.org/10.3390/ijms19010024
https://doi.org/10.3390/ma10080884
https://doi.org/10.3390/ma10080884
https://doi.org/10.3390/ma10080884
https://doi.org/10.2174/1877610801002010040
https://doi.org/10.2174/1877610801002010040
https://doi.org/10.2174/1877610801002010040
https://doi.org/10.3390/ma15103622
https://doi.org/10.3390/ma15103622
https://doi.org/10.1039/b007852m
https://doi.org/10.1039/b007852m
https://doi.org/10.1023/a:1026394530192
https://doi.org/10.1023/a:1026394530192
https://doi.org/10.1039/c7cs00564d
https://doi.org/10.1039/c7cs00564d
https://doi.org/10.1039/c7cs00564d
https://doi.org/10.1039/c1jm11372k
https://doi.org/10.1039/c1jm11372k
https://doi.org/10.1039/c1jm11372k
https://doi.org/10.1039/c1jm11372k


22. Ko HF, Sfeir C, Kumta PN. Novel synthesis strategies for natural 
polymer and composite biomaterials as potential scaffolds for 
tissue engineering. Philos Trans A Math Phys Eng Sci 2010; 
368:1981–97. 

23. Leu Alexa R, Cucuruz A, Ghițulică CD, Voicu G, Stamat Bala-
hura LR, Dinescu S, et al. 3D printable composite biomaterials 
based on GelMA and hydroxyapatite powders doped with ceri-
um ions for bone tissue regeneration. Int J Mol Sci 2022;23: 
1841. 

24. Wei Q, Becherer T, Angioletti-Uberti S, Dzubiella J, Wischke C, 
Neffe AT, et al. Protein interactions with polymer coatings and 
biomaterials. Angew Chem Int Ed Engl 2014;53:8004–31. 

25. Yin W, Chen M, Bai J, Xu Y, Wang M, Geng D, et al. Recent ad-
vances in orthopedic polyetheretherketone biomaterials: mate-
rial fabrication and biofunction establishment. Smart Mater 
Med 2022;3:20–36. 

26. Rehman M, Madni A, Webster TJ. The era of biofunctional bio-
materials in orthopedics: what does the future hold? Expert 
Rev Med Devices 2018;15:193–204. 

27. Bryers JD, Giachelli CM, Ratner BD. Engineering biomaterials 
to integrate and heal: the biocompatibility paradigm shifts. Bio-
technol Bioeng 2012;109:1898–911. 

28. Helmus MN, Gibbons DF, Cebon D. Biocompatibility: meeting 
a key functional requirement of next-generation medical devic-
es. Toxicol Pathol 2008;36:70–80. 

29. Balamurugan A, Rajeswari S, Balossier G, Rebelo AH, Ferreira 
JM. Corrosion aspects of metallic implants: an overview. Mater 
Corros 2008;59:855–69. 

30. Harrington RE, Guda T, Lambert B, Martin J. Sterilization and 
disinfection of biomaterials for medical devices. In: Wagner 
WR, Sakiyama-Elbert SE, Zhang G, Yaszemski MJ, editors. Bio-
materials science. 4th ed. Cambridge: Academic Press; 2020. p. 
1431–46.  

31. Sukumaran VG, Bharadwaj N. Ceramics in dental applications. 
Trends Biomater Artif Organs 2006;20:7–12. 

32. DeGarmo EP, Black JT, Kohser RA. DeGarmo's materials and 
processes in manufacturing. 12th ed. Hoboken, NJ: John Wiley 
& Sons; 2017. 

33. Kumar P, Dehiya BS, Sindhu A. Bioceramics for hard tissue en-
gineering applications: a review. Int J Appl Eng Res 2018;13: 
2744–52. 

34. Best SM, Porter AE, Thian ES, Huang J. Bioceramics: past, pres-
ent and for the future. J Eur Ceram Soc 2008;28:1319–27. 

35. Dorozhkin SV. Calcium orthophosphates as bioceramics: state 
of the art. J Funct Biomater 2010;1:22–107. 

36. Vallet-Regi M, González-Calbet JM. Calcium phosphates as 
substitution of bone tissues. Prog Solid State Chem 2004;32:1–

31. 
37. Samavedi S, Whittington AR, Goldstein AS. Calcium phos-

phate ceramics in bone tissue engineering: a review of proper-
ties and their influence on cell behavior. Acta Biomater 2013; 
9:8037–45. 

38. Hajiali F, Tajbakhsh S, Shojaei A. Fabrication and properties of 
polycaprolactone composites containing calcium phos-
phate-based ceramics and bioactive glasses in bone tissue engi-
neering: a review. Polym Rev 2018;58:164–207. 

39. Gaharwar AK, Cross LM, Peak CW, Gold K, Carrow JK, 
Brokesh A, et al. 2D Nanoclay for biomedical applications: re-
generative medicine, therapeutic delivery, and additive manu-
facturing. Adv Mater 2019;31:e1900332. 

40. Alge DL, Santa Cruz G, Goebel WS, Chu TM. Characterization 
of dicalcium phosphate dihydrate cements prepared using a 
novel hydroxyapatite-based formulation. Biomed Mater 2009; 
4:025016. 

41. Cacciotti I. Cationic and anionic substitutions in hydroxyapatite. 
In: Antoniac I, editor. Handbook of bioceramics and biocom-
posites. Berlin: Springer; 2016. p. 145–211. 

42. Fu Q, Saiz E, Rahaman MN, Tomsia AP. Toward strong and 
tough glass and ceramic scaffolds for bone repair. Adv Funct 
Mater 2013;23:5461–76. 

43. Carrodeguas RG, De Aza S. α-Tricalcium phosphate: synthesis, 
properties and biomedical applications. Acta Biomater 2011; 
7:3536–46. 

44. Bohner M, Santoni BLG, Döbelin N. β-tricalcium phosphate for 
bone substitution: synthesis and properties. Acta Biomater 
2020;113:23–41. 

45. Wang L, Nancollas GH. Calcium orthophosphates: crystalliza-
tion and dissolution. Chem Rev 2008;108:4628–69. 

46. Combes C, Rey C. Amorphous calcium phosphates: synthesis, 
properties and uses in biomaterials. Acta Biomater 2010;6: 
3362–78. 

47. Brown WE, Schroeder LW, Ferris JS. Interlayering of crystalline 
octacalcium phosphate and hydroxylapatite. J Phys Chem 
1979;83:1385–8. 

48. Black JD, Tadros BJ. Bone structure: from cortical to calcium. 
Orthop Trauma 2020;34:113–9. 

49. Mathew M, Takagi S. Structures of biological minerals in dental 
research. J Res Natl Inst Stand Technol 2001;106:1035–44. 

50. Suzuki O. Octacalcium phosphate: osteoconductivity and crys-
tal chemistry. Acta Biomater 2010;6:3379–87. 

51. Kim J, Kim S, Song I. Biomimetic octacalcium phosphate bone 
has superior bone regeneration ability compared to xenogeneic 
or synthetic bone. Materials (Basel) 2021;14:5300. 

52. Suzuki O, Shiwaku Y, Hamai R. Octacalcium phosphate bone 

11https://doi.org/10.12701/jyms.2023.00010

J Yeungnam Med Sci 2024;41(1):4-12

https://doi.org/10.1098/rsta.2010.0009
https://doi.org/10.1098/rsta.2010.0009
https://doi.org/10.1098/rsta.2010.0009
https://doi.org/10.1098/rsta.2010.0009
https://doi.org/10.3390/ijms23031841
https://doi.org/10.1002/anie.201400546
https://doi.org/10.1002/anie.201400546
https://doi.org/10.1002/anie.201400546
https://doi.org/10.1016/j.smaim.2021.11.005
https://doi.org/10.1016/j.smaim.2021.11.005
https://doi.org/10.1016/j.smaim.2021.11.005
https://doi.org/10.1016/j.smaim.2021.11.005
https://doi.org/10.1080/17434440.2018.1430569
https://doi.org/10.1080/17434440.2018.1430569
https://doi.org/10.1080/17434440.2018.1430569
https://doi.org/10.1002/bit.24559
https://doi.org/10.1002/bit.24559
https://doi.org/10.1002/bit.24559
https://doi.org/10.1177/0192623307310949
https://doi.org/10.1177/0192623307310949
https://doi.org/10.1177/0192623307310949
https://doi.org/10.1002/maco.200804173
https://doi.org/10.1002/maco.200804173
https://doi.org/10.1002/maco.200804173
https://doi.org/10.1016/j.jeurceramsoc.2007.12.001
https://doi.org/10.1016/j.jeurceramsoc.2007.12.001
https://doi.org/10.3390/jfb1010022
https://doi.org/10.3390/jfb1010022
https://doi.org/10.1016/j.progsolidstchem.2004.07.001
https://doi.org/10.1016/j.actbio.2013.06.014
https://doi.org/10.1016/j.actbio.2013.06.014
https://doi.org/10.1016/j.actbio.2013.06.014
https://doi.org/10.1016/j.actbio.2013.06.014
https://doi.org/10.1080/15583724.2017.1332640
https://doi.org/10.1080/15583724.2017.1332640
https://doi.org/10.1080/15583724.2017.1332640
https://doi.org/10.1080/15583724.2017.1332640
https://doi.org/10.1002/adma.201900332
https://doi.org/10.1002/adma.201900332
https://doi.org/10.1002/adma.201900332
https://doi.org/10.1002/adma.201900332
https://doi.org/10.1088/1748-6041/4/2/025016
https://doi.org/10.1088/1748-6041/4/2/025016
https://doi.org/10.1088/1748-6041/4/2/025016
https://doi.org/10.1088/1748-6041/4/2/025016
https://doi.org/10.1002/adfm.201301121
https://doi.org/10.1002/adfm.201301121
https://doi.org/10.1002/adfm.201301121
https://doi.org/10.1016/j.actbio.2011.06.019
https://doi.org/10.1016/j.actbio.2011.06.019
https://doi.org/10.1016/j.actbio.2011.06.019
https://doi.org/10.1016/j.actbio.2020.06.022
https://doi.org/10.1016/j.actbio.2020.06.022
https://doi.org/10.1016/j.actbio.2020.06.022
https://doi.org/10.1021/cr0782574
https://doi.org/10.1021/cr0782574
https://doi.org/10.1016/j.actbio.2010.02.017
https://doi.org/10.1016/j.actbio.2010.02.017
https://doi.org/10.1016/j.actbio.2010.02.017
https://doi.org/10.1021/j100474a006
https://doi.org/10.1021/j100474a006
https://doi.org/10.1021/j100474a006
https://doi.org/10.1016/j.mporth.2020.03.002
https://doi.org/10.1016/j.mporth.2020.03.002
https://doi.org/10.6028/jres.106.054
https://doi.org/10.6028/jres.106.054
https://doi.org/10.1016/j.actbio.2010.04.002
https://doi.org/10.1016/j.actbio.2010.04.002
https://doi.org/10.3390/ma14185300
https://doi.org/10.3390/ma14185300
https://doi.org/10.3390/ma14185300
https://doi.org/10.4012/dmj.2020-001


substitute materials: comparison between properties of bioma-
terials and other calcium phosphate materials. Dent Mater J 
2020;39:187–99. 

53. Kawai T, Anada T, Honda Y, Kamakura S, Matsui K, Matsui A, 
et al. Synthetic octacalcium phosphate augments bone regener-
ation correlated with its content in collagen scaffold. Tissue Eng 
Part A 2009;15:23–32. 

54. Sakai S, Anada T, Tsuchiya K, Yamazaki H, Margolis HC, Suzuki 
O. Comparative study on the resorbability and dissolution be-
havior of octacalcium phosphate, β-tricalcium phosphate, and 
hydroxyapatite under physiological conditions. Dent Mater J 
2016;35:216–24. 

55. Kamakura S, Sasano Y, Shimizu T, Hatori K, Suzuki O, Kagaya-
ma M, et al. Implanted octacalcium phosphate is more resorb-
able than beta-tricalcium phosphate and hydroxyapatite. J 
Biomed Mater Res 2002;59:29–34. 

56. Anada T, Kumagai T, Honda Y, Masuda T, Kamijo R, Kamakura 
S, et al. Dose-dependent osteogenic effect of octacalcium phos-
phate on mouse bone marrow stromal cells. Tissue Eng Part A 

2008;14:965–78. 
57. Shiwaku Y, Tsuchiya K, Xiao L, Suzuki O. Effect of calcium 

phosphate phases affecting the crosstalk between osteoblasts 
and osteoclasts in vitro. J Biomed Mater Res A 2019;107:1001–
13. 

58. Kamakura S, Sasaki K, Honda Y, Masuda T, Anada T, Kawai T, 
et al. Differences of bone regeneration by various calcium phos-
phate/collagen composites. Key Eng Mater 2008;361-3:1229–
32. 

59. Kawai T, Echigo S, Matsui K, Tanuma Y, Takahashi T, Suzuki O, 
et al. First clinical application of octacalcium phosphate collagen 
composite in human bone defect. Tissue Eng Part A 2014;20: 
1336–41. 

60. Kim JS, Jang TS, Kim SY, Lee WP. Octacalcium phosphate bone 
substitute (Bontree®): from basic research to clinical case study. 
Appl Sci 2021;11:7921.

61. Parida P, Behera A, Mishra SC. Classification of biomaterials 
used in medicine. Int J Adv Appl Sci 2012;1:31–5.  

https://doi.org/10.12701/jyms.2023.0001012

Kim et al.  Octacalcium phosphate, a promising bone substitute material

https://doi.org/10.4012/dmj.2020-001
https://doi.org/10.4012/dmj.2020-001
https://doi.org/10.4012/dmj.2020-001
https://doi.org/10.1089/ten.tea.2008.0141
https://doi.org/10.1089/ten.tea.2008.0141
https://doi.org/10.1089/ten.tea.2008.0141
https://doi.org/10.1089/ten.tea.2008.0141
https://doi.org/10.4012/dmj.2015-255
https://doi.org/10.4012/dmj.2015-255
https://doi.org/10.4012/dmj.2015-255
https://doi.org/10.4012/dmj.2015-255
https://doi.org/10.1002/jbm.1213
https://doi.org/10.1002/jbm.1213
https://doi.org/10.1002/jbm.1213
https://doi.org/10.1002/jbm.1213
https://doi.org/10.1089/ten.tea.2007.0339
https://doi.org/10.1089/ten.tea.2007.0339
https://doi.org/10.1089/ten.tea.2007.0339
https://doi.org/10.1089/ten.tea.2007.0339
https://doi.org/10.1002/jbm.a.36626
https://doi.org/10.1002/jbm.a.36626
https://doi.org/10.1002/jbm.a.36626
https://doi.org/10.1002/jbm.a.36626
https://doi.org/10.4028/www.scientific.net/kem.361-363.1229
https://doi.org/10.4028/www.scientific.net/kem.361-363.1229
https://doi.org/10.4028/www.scientific.net/kem.361-363.1229
https://doi.org/10.4028/www.scientific.net/kem.361-363.1229
https://doi.org/10.1089/ten.tea.2013.0508
https://doi.org/10.1089/ten.tea.2013.0508
https://doi.org/10.1089/ten.tea.2013.0508
https://doi.org/10.1089/ten.tea.2013.0508
https://doi.org/10.3390/app11177921
https://doi.org/10.3390/app11177921
https://doi.org/10.3390/app11177921
https://doi.org/10.11591/ijaas.v1i3.882
https://doi.org/10.11591/ijaas.v1i3.882


Gene therapy involves the introduction of foreign genetic material into host tissue to alter the expression of genetic products. Gene 
therapy represents an opportunity to alter the course of various diseases. Hence, genetic products utilizing safe and reliable vectors 
with improved biotechnology will play a critical role in the treatment of various diseases in the future. This review summarizes various 
important vectors for gene therapy along with modern techniques for potential craniofacial regeneration using gene therapy. This re-
view also explains current molecular approaches for the management and treatment of cancer using gene therapy. The existing litera-
ture was searched to find studies related to gene therapy and its role in craniofacial regeneration and cancer treatment. Various data-
bases such as PubMed, Science Direct, Scopus, Web of Science, and Google Scholar were searched for English language articles using 
the keywords “gene therapy,” “gene therapy in present scenario,” “gene therapy in cancer,” “gene therapy and vector,” “gene therapy in 
diseases,” and “gene therapy and molecular strategies.” 
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Introduction 

The human genome consists of approximately 25,000 genes that 
encode an expanded category of proteins commonly known as the 
building blocks of the cell that initiate each biological process 
[1,2]. Some genes remain unchanged but show changes due to dis-
ruptions, mutations, and deletions. These basic and uncontrollable 
genetic modifications transform protein functions to directly influ-
ence the cell structure and physiological appearance of severe dis-
eases, disorders, and deficiencies [3,4]. Gene therapy is a unique 

method for treating various diseases by transferring a recombinant 
gene. Gene therapy is a favorable therapeutic option for various 
diseases such as viral infections, hereditary disorders, and cancer. 
Various gene delivery techniques have been reported for gene ther-
apy [5,6]. 

Currently, gene therapy is being investigated only for diseases for 
which there is no alternative therapy. Genetic molecules must en-
ter the nucleus of host cells to activate gene expression. Gene ther-
apy transmits genetic instructions to somatic cells for the produc-
tion of distinct therapeutic proteins that regulate genetic diseases. 
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It is important to develop an interaction between the gene delivery 
system and target cells to create a competent gene delivery system 
[7,8]. Alipogene tiparvovec (Glybera; UniQure, Amsterdam, the 
Netherlands), the earliest gene therapy product, was certified by 
the European Medicines Agency. This was considered a notable 
initial advancement in gene-based medicine [9,10].  

Methods in gene therapy 

These methods include gene modification, gene transfer, gene 
transfer to specific cell types, and gene insertion. Gene modifica-
tion is a replacement treatment and modified gene therapy is a 
method that corrects flawed genes. In substitute therapy, a natural 
gene is replaced with a nonnatural gene via recombination. Gene 
transfer methods utilize chemical, biological, and physical means 
for gene transfer. Gene transfer to specific cell types can be divided 
into gamete gene therapy and somatic gene therapy. Gene inser-
tion (eugenic approach) or gene injection is another gene therapy 
method. Other modes involving genetic engineering include gene 
targeting and the eradication of specific genes through nuclease en-
gineering, such as developing I-CreI homing endonucleases, 
zinc-finger nucleases (ZFNs), or transcription activator-like effec-
tor nucleases (TALENs). These methods are currently used in 
clinical trials [11]. 

Gene therapy history and future 

On September 14, 1990, a girl was treated by Dr. William French 
Anderson and colleagues at the National Institutes of Health Clini-
cal Center in Bethesda, MD, USA. White blood cells were extract-
ed from the patient. After gene implantation, the cells were trans-
ferred back into the patient’s body. Noticeable progression of the 
immune system was observed. Currently, gene therapy trials for 
various diseases are ongoing. Patients with melanoma and other 
skin cancers have been treated using gene therapy techniques [12]. 

Technologies for gene delivery 

From the time of development of recombinant DNA methods, 
safe, and efficacious administration of gene products has been a 
major challenge. Gene delivery is performed using a vector. A vec-
tor adequately delivers a gene to a target tissue, allows the delivery 
of a gene of sufficient size, and accomplishes correct transgenic ex-
pression to regulate the defective gene. The distribution of gene 
products is achieved using viral vectors, nonviral vectors, and bac-
tofection [13]. 

Ideal properties of vectors 

The properties of ideal vectors include the following: (1) the vec-
tor should be stable and easy to produce; (2) it should possess low 
toxicity, high efficiency, and high specificity; (3) it should be non-
immunologic and inexpensive; and (4) ideally, it should be able to 
deliver DNA into the cell nucleus [13-15]. 

Viral vectors 

Currently, viral vectors are the most favored vectors. Viruses deliver 
their genes to human cells in a pathogenic manner. Scientists favor 
this efficiency, replacing parts of the viral genome with the gene 
therapy candidate. This recombinant virus may be utilized to trans-
fer genes inside cells. Various categories of viruses can be used as 
gene therapy vectors. These include adenoviruses, retroviruses, 
and adeno-associated viruses [16]. 

1. Adenovirus 
Adenoviral vectors are non-enveloped, double-stranded (ds)-
DNA viral vectors. Adenoviral vectors are most extensively used 
for gene delivery. Adenoviral DNA does not integrate into the ge-
nome or replicate during cell division. This limits the use of adeno-
viruses to basic investigations, although adenoviral vectors have 
been used in both in vivo and in vitro studies. The primary uses of 
this vector are in vaccination and gene treatment [17,18]. 

Considering that humans are frequently exposed to wild-type 
adenoviruses, the majority of individuals have established neutral-
izing antibodies that intercept the virus before it arrives at its target 
cell. Adenovirus-mediated gene therapy has been used to treat 
chronic pain in a rodent model. These studies have encouraged the 
development of criteria for chronic pain therapy of the central ner-
vous system. Adenovirus-mediated gene therapy has also been 
used to treat liver cancer. Gendicine (Shenzhen SiBiono Gene-
Tech, Shenzhen, China), a p53-based adenoviral vector, was the 
first gene therapy certified for the treatment of head and neck can-
cer. Compared to retroviruses, adenoviruses infect a larger array of 
cells [19,20]. 

2. Retrovirus 
Retroviruses were the first viruses to be used in gene therapy ex-
periments as vectors. They are considered the backbone of the ex-
isting concept of gene therapy. Recombinant retroviruses can inte-
grate into the host genome in a balanced manner. They encode a 
reverse transcriptase that produces DNA copies of the RNA ge-
nome. They also encode an integrase that permits integration into 
the host genome. Retroviruses have been utilized in various U.S. 
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Food and Drug Administration (FDA)-recognized clinical studies 
such as the SCID-X1 study [21,22]. 

3. Adeno-associated virus 
Adeno-associated viruses are extremely promising vectors. They 
can infect a wide variety of cells. They are small-scale viruses that 
belong to the parvovirus classification and have single-stranded 
DNA. They may integrate their genome at a definitive location on 
chromosome 19. Some scholars have presumed that many individ-
uals harbor adeno-associated viruses that do not elicit an immune 
response or cause disease. Scientists have conducted animal experi-
ments using adeno-associated viruses to amend genetic deformi-
ties. The principal shortcoming of adeno-associated viruses is that 
they are tiny and exclusively encode only two genes in their wild-
type form. Hence, their applicability is restricted. As the virus inte-
grates its genes directly into the DNA of the host cells, it causes un-
predictable damage. Researchers face difficulties in producing large 
quantities of recombinant viruses. Recently, this problem was re-
solved by Amsterdam Molecular Therapeutics [23]. 

4. Lentivirus 
These viruses are a retrovirus subtype. They are periodically used 
as vectors for gene therapy. A unique feature of lentiviruses is their 
ability to integrate into the genome of nondividing cells [24]. 
When the virus invades cells, the viral RNA genome is re-
verse-transcribed. It is then integrated at a random position in the 
genome by an integrase enzyme. The vector, now known as a pro-
virus, persists in the genome and is passed on to the cell’s progeny 
[25]. 

5. Vaccinia virus 
Vaccinia virus is a complex and enveloped virus belonging to the 
Poxviridae family. It contains a dsDNA genome encoding approxi-
mately 250 genes [26]. Vaccinia virus produces four infectious 
forms during its replication cycle. These are the extracellular, intra-
cellular, cell-associated enveloped, and intracellular mature virions 
[27,28]. 

6. Herpes simplex viruses 
They are members of the Herpesviridae family and cause viral infec-
tions in most humans [29]. 

7. Electroporation 
This is the transitory permeabilization of cell membranes of the 
target tissue by application of an electric field, which results in the 
penetration of DNA molecules into the nucleoplasm and cyto-
plasm of the cell [30,31]. These DNA molecules are initially pres-

ent in the medium surrounding the membranes. Electroporation is 
mainly utilized in vivo for different tissues such as muscle, skin, and 
lung [32-34].  

8. Hydrodynamic delivery  
Hydrodynamic delivery is a highly efficient and simple technique 
for rapid intracellular distribution of water-soluble particles and 
compounds within internal organs [35,36]. The hydrodynamic 
method has been successfully used for the delivery of genes into 
rodent liver for the expression of erythropoietin, cytokines, and 
hepatic growth factors [37-39]. 

9. Chemical methods 
Chemical delivery systems include oligonucleotides, lipoplexes 
and polyplexes, dendrimers, and inorganic nanoparticles such as 
gold, silica, and iron oxide [40]. 

Present molecular approaches in cancer 
gene therapy 

Gene transportation technology permits an ample spectrum of 
therapeutic potential that can be integrated with traditional thera-
pies or used to implement new treatment approaches. New deliv-
ery systems for cancer treatment and eradication are currently be-
ing studied. As a result, the use of various nucleic acid-based sys-
tems such as TALENs, interfering RNA (iRNA), ZFNs, recombi-
nant DNA, suicide genes, and clustered regularly interspaced short 
palindromic repeats have provoked much interest within the scien-
tific community [41-43]. 

1. Antisense oligonucleotide technology in cancer 
Antisense oligonucleotides are characterized as highly modified 
synthetic DNA or RNA oligonucleotides that are designed to se-
lectively target gene-encoded RNA molecules through Wat-
son-Crick base pairing. The binding of antisense oligonucleotides 
to their corresponding targets can generate unique mechanisms of 
action [44,45]. These mechanisms can be categorized as those that 
promote RNA degradation and those that confine RNA and hin-
der its activity without activating RNA degradation. Regardless of 
mechanism, antisense oligonucleotide-mediated intervention is a 
promising therapeutic approach for cancer treatment [46,47]. 

2. Interfering RNAs 
RNA interference was first described in Caenorhabditis elegans in 
1988. This technology has made appreciable advances in cancer 
treatment. iRNA is a dsRNA-mediated gene silencing method. 
This mechanism recognizes and targets pathogenic dsRNA parti-
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cles for destruction. Three types of small RNAs have been identi-
fied in animals, specifically small interfering RNAs (siRNAs), mi-
croRNAs (miRNAs), and piwi-interacting RNAs (piRNAs) [48-
50]. 

Some miRNAs are overexpressed in cancer and induce tumor 
development, whereas others are downregulated and block inhibi-
tory control over a few oncogenes [51,52]. siRNA is eminently se-
lective toward its target microRNA. Compared with miRNAs, this 
selectivity is greater, as siRNAs can distinguish between sequences 
with even a single distinctive nucleotide [53]. piRNAs are mainly 
involved in epigenetic regulation [54]. Short hairpin RNAs (shR-
NAs) are also used for RNA interference. These shRNA molecules 
are synthesized from expression vectors inside the nucleus of the 
cell, transferred to the cytoplasm, and processed by automatic ma-
chinery to produce shRNAs [55-57]. 

Gene therapy for craniofacial regeneration 

The regeneration or reconstruction of oral tissue, in addition to 
craniofacial tissue, is a difficult process that requires a blend of en-
gineering technology and clinical and basic science. The recogni-
tion of the relevant stage, spatial and temporal signals, and cell 
sources is essential for enhancing the development of single tissues, 
tissue interfaces, and hybrid organs consisting of numerous tissues. 
The regeneration of craniofacial tissues using gene therapy utilizes 
genetic vectors as supporting building blocks for tissue repair and 
growth. The harmonious association between craniofacial tissue 
engineering and viral gene therapy substantially strengthens the 
potential for regenerating and repairing tissues in vivo. 

1. Head and neck squamous cell carcinoma 
The treatment of head and neck squamous cell carcinoma (HN-
SCC) is the most advanced application of gene therapy in the cra-
niofacial region. Three main strategies are used to target each solid 
tumor using genetic treatments. 

First, immunomodulatory treatment enhances the perceptibility 
of tumor cells to the immune system in vivo or customizes effector 
cells to enhance their tumor-targeting capacity by establishing the 
expression of a particular gene [58]. Second, oncolytic viruses 
have evolved to select a target cancer cell, enter, and destroy it. 
Third, suicide genes can be imported into cancer cells to broaden 
cell sensitivity to antiviral drugs like acyclovir [59-61]. Additional 
strategies for targeting HNSCC include the introduction of endos-
tatin, genes encoding p53, and antiviral interleukin (IL)-2 or IL-12 
[62-65]. 

2. Mineralized tissues 
Gene therapy based on animal models and the architecture of a 
particular craniofacial structure, such as cartilage or bone, has pro-
vided an advantageous and innovative way to regenerate compos-
ite mineralized tissues, such as the temporomandibular joint and 
tooth [66,67]. Delivery of bone morphogenetic proteins and plate-
let-derived growth factors (e.g., PDGF-B) at the location of the 
periodontal deformity is known to increase the healing and repair 
of gingiva and bone. At the therapeutic level, gene delivery permits 
the sustained synthesis of proteins in defined locations [68-70]. 

3. Salivary gland 
Insufficient function of the salivary gland can occur due to the side 
effects of radiation therapeutics or as an aftereffect of autoimmune 
diseases, such as Sjögren syndrome. Researchers are engaged in de-
signing salivary gland alterations that are perhaps confined to the 
location of the parotid gland. Acinar cells in the salivary gland re-
quire membrane proteins to develop an osmotic gradient for the 
unidirectional movement of fluids [71,72]. 

Salivation occurs because of the reaction to agonists that in-
crease intracellular Ca2+ concentrations and is promoted by an os-
motic gradient that directs the movement of fluid by means of wa-
ter passage through apical membrane proteins called aquaporins 
(AQPs). It has been observed that confined ductal epithelial cells 
do not express AQPs, and hence are unable to mediate fluid move-
ment [73,74]. 

4. Wound healing of mucosa 
For esthetic reconstruction in persons mutilated by surgery, trau-
ma, or severe burns, a proportionate structure of mucosa and skin 
is necessary. For coverage of wounds and burns, Apligraf (Integra 
LifeSciences, Princeton, NJ, USA) and Dermagraft (Organogene-
sis Inc., Canton, MA, USA) are used [75,76]. 

Gene remedies for cancer treatment 

Cancer develops because of the loss of regulation of normal cell 
apoptosis and proliferation. Advancements in cancer treatment re-
quire unique remedies with unusual mechanisms of action, differ-
ent means of cell death, and harmony with traditional therapies. 
Gene therapy has all these characteristics. Various gene therapy ap-
proaches have been established for cancer treatment. These ap-
proaches include suicide gene therapy, oncolytic virotherapy, anti-
angiogenic gene therapy, immunotherapy, gene-directed enzyme 
prodrug therapy, and siRNA therapy. Immunogenetherapy is a 
promising treatment method for p53-deficient tumors (e.g., Yes-
carta [axicabtagene ciloleucel; Kite Pharma, Inc., Santa Monica, 
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CA, USA], Imlygic [talimogene laherparepvec; Amgen, Inc., 
Thousand Oaks, CA, USA], Kymriah [tisagenlecleucel; Novartis 
International AG, Basel, Switzerland], and Gendicine) [77]. 

1. Oncolytic virotherapy 
This is the most promising method of tumor immunotherapy. On-
colytic virotherapy utilizes replication-competent viruses that grow 
rapidly, particularly in tumor cells. Genetically modified or com-
monly occurring oncolytic viruses are used. Viruses such as mea-
sles, vaccinia, and vesicular stomatitis viruses are genetically modi-
fied to decrease viral pathogenicity and enhance tumor specificity. 
Wild-type viruses, such as the Newcastle disease virus or parvovi-
ruses, are carefully replicated in tumor cells without gene modifica-
tion. Oncolytic viruses respond by precisely lysing tumor cells and 
inserting wild-type tumor suppressor genes into cells that do not 
express these genes [78,79]. 

2. Gendicine (recombinant human p53 adenovirus)
Gendicine is a nonreplicating adenoviral vector that was first ac-
cepted as a gene therapy for HNSCC in 2003. The E1 gene in the 
adenoviral genome was replaced with the tumor suppressor p53 
complementary DNA (cDNA). In tumor cells, the expression of 
wild-type p53 has an antitumor effect by triggering the apoptotic 
pathway and relieving blockage of DNA repair and apoptotic p53 
translocation. p53 gene mutations are prevalent in various cancers. 
Hence, Gendicine promotes the function of p53, restores its trans-
location, and damages tumor cells [80,81]. 

3. Oncorine (rAd5-H101) 
Oncorine (Shanghai Sunway Biotech, Shanghai, China) is an on-
colytic recombinant adenovirus-5 (with a deletion in the E1B55K 
gene) recognized for the treatment of refractory nasopharyngeal 
cancer. Elimination of the E1B55K gene results in the inhibition of 
viral expansion in normal cells, permitting proliferation only in 
p53-impaired host cells. After the lysis of cancer cells, the adenovi-
rus is released and infects other cells, leading to Oncorine-mediat-
ed cell death [82,83]. 

4. Imlygic 
Imlygic is an inherently altered oncolytic type 1 herpes simplex 
virus (HSV-1) used for the treatment of metastatic melanoma. 
The HSV-1 genome was modified by substitution of the α47 and 
γ34.5 genes with agranulocyte-macrophage colony-stimulating 
factor cDNA. The deletion of γ34.5 results in the suppression of 
pathogenicity and tumor cell-selective replication. During viral 
infection, the γ34.5 gene normally hinders the translation of 
host-cell proteins in favor of viral production. Hence, suppres-

sion of γ34.5 blocks proliferation of the virus in normal cells 
[78,79]. 

5. Rexin-G 
Rexin-G (Epeius Biotechnologies Corp., San Mateo, CA, USA) is 
a major targeted injectable vector accepted for the treatment of var-
ious cancers. It has a signature (SIG)-binding peptide that binds to 
abnormal SIG proteins in tumor cells, which results in an increase 
in vector accumulation in tumor cells, and it expresses human cy-
clin G1 inhibitor. After entry into tumor cells, it expresses the cyto-
cidal fibronectin 1 protein, which results in inhibition of the cell cy-
cle, leading to apoptosis [84,85]. 

6. Chimeric antigen receptor T-cell therapy 
This therapy uses T cells that have been altered in vitro to express 
chimeric antigen receptors (CARs) that specifically recognize tu-
mor-associated antigens. CAR is known as “chimeric” because it 
consists of the antigen-binding domain of the B-cell receptor and 
the T-cell receptor activation domain. Stimulated CAR T cells pro-
vide target-distinct memory cells that promote tumor regression 
[86]. 

7. Kymriah (tisagenlecleucel) 
Kymriah is used to treat relapsed B-cell acute lymphoblastic leuke-
mia and was the first FDA-permitted CAR T cell-positioned gene 
therapy. Kymriah consists of T cells, which are mutated with lenti-
virus to encode a CAR consisting of murine single-chain variable 
fragment, which is specific for CD3 zeta, the CD8 transmembrane 
hinge, intracellular domain 4-1BB (CD137), and CD19. Kymriah, 
after binding to CD19, commences its antitumor activity via the 
CD2 domain [87,88]. 

8. Yescarta (axicabtagene ciloleucel) 
Yescarta is used to treat aggressive non-Hodgkin lymphoma. It is 
based on CAR T-cell therapy. Yescarta encodes a CAR that con-
sists of extracellular murine anti-CD19, which binds to the cyto-
plasmic region carrying the CD3 zeta and CD28 co-stimulatory 
domains [89,90]. 

9. Zalmoxis 
Zalmoxis (MolMed S.p.A., Milan, Italy) is used to treat various he-
matopoietic malignancies. Zalmoxis consists of genetically altered 
allogeneic T cells, which have been transduced to express a trun-
cated human low-affinity nerve growth factor receptor and HSV-1 
virus thymidine kinase. 

The administration of genetically altered donor T cells rebuilds 
immunity to resist infection. However, the donor cells may attack 
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host cells in graft-versus-host disease. Zalmoxis provides immune 
reconstitution, graft-versus-leukemia improvement, and 
post-transplant graft-versus-host disease control [91,92]. 

Risks affiliated with viral vectors 

The most common concerns associated with viral vectors are the 
risk of inflammation, insertional mutagenesis, and off-target effects 
[93,94]. Inflammation was observed in the death of Jesse Gelsing-
er in 1999 resulting from an excessive dosage of adenovirus. Inser-
tional mutagenesis is a major challenge that must be overcome 
when using gene therapeutics. Sometimes, the vectors integrate 
into undesirable regions of the genome. To avoid this problem, us-
ing a vector that does not integrate is advisable [95]. 

Challenges and the way forward 

Gene therapy has been widely used since its discovery as a treat-
ment option for cancers, neuronal and infectious diseases, and 
metabolic disorders. Gene therapy is effective in treating Leber 
congenital amaurosis, beta-thalassemia, and immunodeficiency 
diseases such as adenosine deaminase severe combined immuno-
deficiency. For the large-scale production of viral particles, differ-
ent approaches, such as insect cell-based baculovirus expression 
and cell lines expressing capsid proteins, are useful [96]. 

Conclusion 

Various gene therapy trials are underway for single-gene and com-
plex diseases, and vector collection and engineering approaches 
have been greatly enhanced, as apparent by the number of recent 
stage III studies. Although the gene therapy field has been accus-
tomed to major obstacles and limited success, it is particularly im-
portant to encourage active areas of medical research. Interest in 
this therapy has been established based on its potential to treat and 
cure some of the most virulent and overwhelming diseases affect-
ing individuals. The goal of gene therapy is to express therapeutic 
genes in host cells to produce favorable biological effects. However, 
the effectiveness of current strategies is inadequate for realizing the 
full potential of gene therapy. 

Gene therapy has the capability to improve genetics by correct-
ing an altered gene or performing site-specific modifications in-
tended for therapeutic treatment. This treatment has been 
achieved through advances in genetics and biotechnology that al-
low the manipulation of vectors to deliver extra chromosomal 
agents to target cells. New experimental vector designs, improved 
efficiencies, specific delivery systems, and a better understanding 

of the induction of inflammatory responses can improve safety and 
extend the technology for clinical utilization. 

Thousands of clinical studies have been conducted since the in-
troduction of gene therapeutics in humans. It is supportive that 
number of gene therapy trials for various disorders are now com-
pleted. The selection of vectors and their design strategies have 
substantially improved. In the future, gene therapy will surely help 
in the medical field, with promising results in the management of 
diseases with limited treatment options. 
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Introduction 

Pain is a common symptom in patients with cancer. Cancer pain 
can occur during anticancer treatment, after curative treatment, or 
in advanced, metastatic, or terminal disease [1]. Cancer pain oc-
curs in 24% to 60% of patients receiving active treatment, and the 
incidence of pain is 58% to 69% in advanced stages. This rate has 
not decreased in decades [2]. 

Cancer pain is a complex phenomenon resulting from several 
factors, including genetic variants, microenvironmental alterations, 
nociceptor activation, tumor growth, and tumor metastasis [3]. It 
can be classified according to the pathophysiology (nociceptive 
and neuropathic), cause (related or unrelated to the disease and its 
treatment), temporal characteristics, and nature of the pain experi-
ence [3]. 

Breakthrough pain is transitory pain that occurs despite the use of opioids for background pain control. Breakthrough pain occurs in 
40% to 80% of patients with cancer pain. Despite effective analgesic therapy, patients and their caregivers often feel that their pain is 
not sufficiently controlled. Therefore, an improved understanding of breakthrough pain and its management is essential for all physi-
cians caring for patients with cancer. This article reviews the definition, clinical manifestations, accurate diagnostic strategies, and op-
timal treatment options for breakthrough pain in patients with cancer. This review focuses on the efficacy and safety of rapid-onset 
opioids, which are the primary rescue drugs for breakthrough pain. 
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Pain control in patients with cancer is essential but remains chal-
lenging for clinicians [4]. Cancer pain management has improved 
over the decades; however, one-third of patients with cancer do 
not receive pain medication because of barriers to reporting pain, 
lack of assessment, and undermanagement [5]. Breakthrough pain 
is commonly described as transitory pain that occurs despite ade-
quate background pain control with opioids [6]. It commonly oc-
curs in patients with cancer who suffer from pain, leading to com-
plications and reduced quality of life. Despite effective analgesic 
therapy, patients and their caregivers often feel that the pain is not 
adequately controlled. In addition, breakthrough pain increases 
healthcare utilization and costs [7]. Therefore, an improved under-
standing of breakthrough pain and its management is essential for 
all physicians caring for patients with cancer. This review aims to 
provide a comprehensive overview of the definition, clinical pre-
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sentation, appropriate diagnosis, and treatment strategies for 
breakthrough pain in patients with cancer, focusing on the efficacy 
and safety of rapid-onset opioids.  

Definition of breakthrough pain 
Breakthrough pain was first defined in 1990 as “a transient increase 
in pain to greater than moderate intensity, which occurred on a 
baseline pain of moderate intensity or less” [8]. This definition ex-
cludes patients with severe baseline pain, indicating uncontrolled 
pain. Some researchers argue that breakthrough pain should be de-
fined as pain that occurs despite regular opioid treatment for base-
line pain, because breakthrough pain indicates a transient increase 
in pain breaking through the background pain protected by opi-
oids. Based on this opinion, breakthrough pain is defined as “a 
transitory flare of pain superimposed on an otherwise stable pain 
pattern in patients treated with opioids” [9]. There is no consensus 
on the definition of breakthrough pain. The most widely accepted 
definition of breakthrough pain is that of the Association for Pallia-
tive Medicine of Great Britain and Ireland (APM), namely “a tran-
sient exacerbation of pain that occurs spontaneously or in relation 
to a specific predictable or unpredictable trigger despite relatively 
stable and adequately controlled background pain” [6,10]. Accord-
ing to this APM definition, background pain should be assessed 
and appropriately controlled before breakthrough pain is diag-
nosed. 

The National Comprehensive Cancer Network (NCCN) 
guideline defines breakthrough pain as “pain that fails to be con-
trolled or breaks through a regimen of regularly scheduled analge-
sics” [11]. Pain at the end of a regular opioid dose interval is 
known as end-of-dose failure pain. End-of-dose failure pain is fre-
quently related to an underdose of the opioids used to control 
background pain and occurs more often during the titration phase 
[6]. The NCCN guideline includes end-of-dose failure pain as a 
subtype of breakthrough pain, but the APM definition excludes 
end-of-dose failure pain from breakthrough pain [6,11]. 

In 2002, an Expert Working Group of the European Association 
for Palliative Care suggested that the term “breakthrough pain” 
should be replaced by “episodic pain” [12]. Patients with cancer 
may experience a transient exacerbation of pain in the absence of 
background pain. Therefore, the experts suggested that episodic 
pain should be defined as any transient exacerbation of pain in pa-
tients with cancer [13]. 

Clinical presentation of breakthrough pain 

Breakthrough pain is a spectrum of heterogeneous conditions that 
vary among and within individuals according to different clinical 

features, disease stages, and treatments [14]. Tumor growth, can-
cer treatment, metastasis, and comorbidities can cause break-
through pain, which can be nociceptive, neuropathic, or mixed. It 
negatively affects daily living in 80% of the patients with cancer 
pain [15]. Two to three episodes of breakthrough pain per day 
have been reported. It is most prevalent in the late morning, with 
60% of pain episodes occurring during the daytime [16]. The pro-
posed mechanisms for the circadian rhythm of breakthrough pain 
flare-ups are as follows: (1) late morning is the time of maximum 
physical activity, (2) pain sensitivity has a circadian rhythm, and 
(3) the pharmacokinetics or pharmacodynamics of opioids have a 
circadian rhythm [16]. The pain usually peaks within 5 minutes 
and is moderate-to-severe [14,17]. Peak pain intensity rarely oc-
curs after 15 minutes [18,19]. Untreated breakthrough pain lasts 
for a median of 60 minutes and a maximum of 180 minutes [14]. 

The overall prevalence of breakthrough pain was reported to be 
59.2% [20]. It was lower in outpatients (39.9%) and higher in hos-
pice patients (80.5%). This difference was mainly due to disease 
progression. Additionally, hospice clinicians have more knowledge 
and experience in identifying breakthrough pain, which increases 
the likelihood of reporting it. The prevalence of breakthrough pain 
has decreased in recent publications compared to that in previous 
publications [21]. This decrease may be due to improvements in 
diagnostic criteria, especially the exclusion of end-of-dose failure, 
control of background pain, and use of analgesics. 

Breakthrough pain is categorized as incident or spontaneous. In-
cident pain is predictable. It can be triggered by voluntary move-
ments, such as walking; involuntary movements, such as cough-
ing; or therapeutic interventions, such as wound dressing. Sponta-
neous pain is unpredictable because it has no identifiable cause. 
Davies et al. reported that 44% of breakthrough pain cases were in-
cident, 41.5% were spontaneous, and 14.5% were mixed [14]. Epi-
sodes of breakthrough pain did not differ between the two types. 
However, incident pain has a shorter duration and faster onset, 
whereas spontaneous pain has a gradual onset and longer duration 
[21]. The characteristics of the two types of pain are summarized 
in Table 1. 

Table 1. Characteristics of breakthrough pain 

Variable Incident pain Spontaneous pain
Predictable cause Identified Unidentified
Duration of untreated episodes (median) 45 min 60 min
Time to peak intensity (mean) 5 min 10 min
Intensity of pain Not different
Stop doing something More Less
Interferes with walking ability More Less
Interferes with mood and sleep Less More
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Assessment of breakthrough pain 

Adequate patient assessment is essential to determine the cause, 
severity, and characteristics of pain [6]. However, distinguishing 
breakthrough pain from poorly controlled background pain re-
mains challenging [22]. Breakthrough pain is diagnosed based on 
multiple sources. A patient’s history is an essential component of 
the diagnosis of breakthrough pain. In patients with normal cogni-
tive function, self-reporting is the best source of information re-
garding breakthrough pain. A pain diary is valuable for the assess-
ment and monitoring of breakthrough pain [17]. It provides the 
date and time of each episode, duration and intensity of pain, res-
cue dose administration, pain relief, and side effects. However, pa-
tient adherence to keeping a diary is generally poor. The Numeri-
cal Rating Scale (NRS) is a useful tool for measuring pain intensity. 
The NRS is associated with higher adherence and better respon-
siveness than the visual analog and verbal rating scales [23]. Pa-
tients with cancer preferred to use the NRS to measure pain exac-
erbations, and the NRS performed better in distinguishing be-
tween background pain and peak pain intensity [24]. Patients usu-
ally request breakthrough pain medications when their NRS pain 
scores are > 7 [25]. The Brief Pain Inventory and McGill Pain 
Questionnaire are multidimensional tools that can provide infor-
mation on the location of pain, daily function, and treatment ef-
fects. These tools are complex and do not differentiate break-
through pain from background pain, although they provide helpful 
information [26]. 

A diagnostic algorithm is valuable for screening breakthrough 
pain (Fig. 1) [6]. It has a high positive predictive value (0.84) 
when using mild as a cutoff level to define controlled background 
pain [27]. However, the positive predictive value was lower when 
using moderate as the cutoff level [27]. 

The Alberta Breakthrough Pain Assessment Tool (ABPAT) and 

Breakthrough Pain Assessment Tool (BAT) are specific tools for 
assessing breakthrough pain. The ABPAT consists of 15 self-an-
swer questions on breakthrough pain, asking about the association 
with background pain, previous pain experience time, pain fre-
quency, peak pain intensity, pain location, pain quality, cause of 
pain, and pain predictability [28]. The BAT comprises 14 ques-
tions evaluating pain and current pain treatments for previously di-
agnosed breakthrough pain [29]. ABPAT is usually used for re-
search, and BAT is used to improve pain management in clinical 
settings [26]. 

Management of breakthrough pain and 
rapid-onset opioids 

Because of the heterogeneous nature of breakthrough pain, its 
management should be individualized [6]. Management should 
be considered based on the cause, pathophysiology, and clinical 
features of the pain. A direct effect of cancer is the most common 
cause of cancer-related pain. Treatment of underlying causes, such 
as bone metastasis, includes conventional radiotherapy, bisphos-
phonates, and nuclear factor kappa-B ligand-receptor activator in-
hibition [30]. Avoiding the cause of pain reduces incident pain 
when using orthotic devices. 

Modification of the background analgesic regimen, including ti-
tration of opioid analgesics, switching of opioid analgesics, and ad-
dition of adjuvant analgesics such as antiepileptics for neuropathic 
pain or antispasmodics for visceral pain, also reduces breakthrough 
pain [6]. The patient’s condition, including disease stage, physical 
performance, and personal preferences, should be considered to 
manage breakthrough pain effectively [6]. Younger patients, those 
with high physical performance, and those without advanced dis-
ease were not satisfied with breakthrough pain management in a 
previous study and experienced more interference in daily living 
activities due to breakthrough pain [31].  

Non-pharmacological methods include massage, heat or cold 
application, relaxation or distraction techniques, mindfulness in-
tervention, and physical therapy [25]. However, there is limited ev-
idence supporting the use of these methods [6]. 

Interventions such as neural blockade, chemical neurolysis, 
neuraxial drug infusion, direct tumor ablation, cementoplasty, and 
surgery may help manage breakthrough pain [6]. 

Opioids are the mainstay of analgesics used for cancer pain treat-
ment. The use of opioids as rescue medications is the cornerstone 
of controlling breakthrough pain episodes [6]. Orally administered 
morphine and short-acting opioids are the traditional backbones 
for the pharmacological management of breakthrough pain. Orally 
administered morphine or oxycodone has a slow onset of action 

Does the patient have background pain? 
(persists ≥12 hr/day during previous week)

Is the background pain adequately controlled? 
(absent or mild ≥12 hr/day during previous week)

Does the patient have pain exacerbations? 

Breakthrough pain Not breakthrough pain 

Fig. 1. Diagnostic algorithm for breakthrough pain.

No

Yes

Yes

Yes

https://doi.org/10.12701/jyms.2023.0036724

Yeo.  Breakthrough pain and rapid-onset opioids



(onset of analgesia, 30–45 minutes) and a prolonged duration of 
effect (3–6 hours) [32]. These characteristics of oral opioids can 
delay the management of breakthrough pain and increase the inci-
dence of adverse effects. 

Consequently, alternative methods may be better for treating 
this type of pain [33]. Intravenous or subcutaneous administration 
of opioids has been attempted to manage breakthrough pain and 
satisfy hospitalized patients [34]. Intravenous or subcutaneous ad-
ministration of opioids can provide rapid analgesia for break-
through pain. Infusion using patient-controlled analgesia devices 
has also been attempted; however, these methods are limited to 
primary care settings. 

The demand for more rapid and accessible breakthrough pain 
relief has led to the development of rapid-onset opioid therapies. 
Transmucosal routes deliver drugs more rapidly than oral routes in 
a noninvasive manner. The oral and nasal mucosa are easily acces-
sible and more permeable than the skin. They are rich in blood 
supply, enabling the fast absorption of drugs, and the absorbed 
drugs have the advantage of bypassing first-pass metabolism. Fen-
tanyl, a highly lipophilic µ receptor agonist with high potency, 
quickly crosses the blood–brain barrier to provide fast analgesia 
[35]. It has a rapid blood–brain equilibration time constant of 5 to 
6 minutes [36]. Transmucosal administration of fentanyl provides 
an immediate analgesic effect that closely mimics the duration of 
breakthrough pain episodes and increases bioavailability by by-
passing first-pass metabolism. The following are commonly uti-
lized forms of transmucosal administered fentanyl: oral transmuco-
sal fentanyl citrate (OTFC), fentanyl buccal tablet (FBT), sublin-
gual fentanyl (SLF), fentanyl intranasal spray (INFS), and fentanyl 
pectin nasal spray (FPNS). The characteristics of the rapid-onset 
opioids are shown in Table 2. 

OTFC is a sweetened fentanyl citrate lozenge on a stick to help 
the patient spread the medication over the buccal mucosa. The 
buccal mucosa only absorbs 25% of the administered dose. The re-
maining 75% of the OTFC dose is swallowed and slowly absorbed 
through the gastrointestinal tract. Approximately two-thirds of the 
absorbed dose is eliminated through first-pass metabolism. The 
bioavailability of OTFC is approximately 50% of the total dose. 

OTFC must be taken for 15 minutes. Absorption is reduced if the 
patient has decreased saliva levels, applies the OTFC to the tongue 
or gums rather than the buccal mucosa, chews the OTFC, ingests 
liquids that alter the oral pH before OTFC administration, or ap-
plies the product for less than or longer than 15 minutes [18]. The 
time to maximum plasma concentration (Tmax) is 20 to 40 minutes 
after administration, depending on the dose [37]. In cases of in-
complete pain relief, a second dose may be administered 15 min-
utes after complete dissolution of the first lozenge. The sugar in the 
lozenges increases the risk of dental decay. 

FBT is an effervescent tablet intended to modify the pH of the 
buccal cavity and enhance drug absorption. This alteration en-
hances the dissolution of ionized fentanyl and absorption of 
non-ionized fentanyl across the buccal mucosa [38]. FBT is insert-
ed between the upper cheek and gum within the buccal cavity 
above the rear molars. FBT dissolves in the buccal mucosa for 14 
to 25 minutes; 48% of the administered dose is absorbed by the 
buccal mucosa, whereas 52% is absorbed by the gastrointestinal 
tract [39]. The absolute bioavailability is 65%. Pain intensity is re-
duced as early as 10 minutes after administration [40]. 

SLF is a tablet that contains fentanyl citrate mixed with carrier 
particles and a mucoadhesive agent. It uses a rapid disintegration 
system and dissolves under the tongue within 2 minutes. The drug 
is rapidly absorbed through the oral and sublingual mucosa, ob-
taining a detectable plasma concentration within 10 minutes [40]. 
The estimated bioavailability of SLF is 70% because of its rapid ab-
sorption through the sublingual mucosa [40]. 

Fentanyl administration through the oral mucosa requires time 
to dissolve and adequate amounts of saliva. However, salivary 
gland dysfunction and xerostomia are common in patients with 
cancer, and fentanyl absorption across the oral mucosa may pose a 
challenge [41]. The nasal mucosa has a large surface area and an 
extensive blood supply, facilitating the absorption of lipophilic 
drugs. The nasal route bypasses first-pass metabolism and delivers 
opioids directly to the site of action in the central nervous system 
through the olfactory and trigeminal nerves, vessels, cerebrospinal 
fluid, and lymphatic fluid. 

INFS has a pH of 6.4 to minimize nasal mucosa irritation and is 

Table 2. Characteristics of rapid onset opioids 

Dose (µg) Dwell time Onset of action (min) Availability (%) Time to maximum plasma concentration Elimination half-life (hr)
OTFC 200–1,600 15 min 15 50 20–40 min for doses 200–1,600 µg 7.6
FBT 100–800 14–25 min 15 65 34–45 min for doses 100–800 µg 13.3
SLF 100–800 70–100 sec 15 70 30–60 min for doses 100–800 µg 11.5–25
INFS 50–200 NA 5–10 89 12–15 min for doses 50–200 µg 3–4
FPNS 100–800 NA 5–10 70 19.8–21 min for doses 100–800 µg 15–54.9

OTFC, oral transmucosal fentanyl citrate; FBT, fentanyl buccal tablet; SLF, sublingual fentanyl; INFS, fentanyl intranasal spray; FPNS, fentanyl pectin na-
sal spray; NA, not applicable.
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administered at 100 μL per nostril separately to prevent pharynx 
runoff. Moreover, 50, 100, or 200 μg of fentanyl is delivered in 100 
μL per spray. Its bioavailability is 89% because less of the adminis-
tered dose is swallowed than with transbuccal or sublingual formu-
lations [42]. INFS has a fast onset of action (5–10 minutes), a Tmax 
of 12 to 15 minutes, and a duration of action of approximately 2 
hours. The long-term use of INFS can cause nasal congestion, epi-
staxis, and changes in nasociliary function [43]. 

FPNS is a nasal spray containing pectin as a food additive. It re-
duces local irritation and improves the nasal mucosal penetration 
of fentanyl. The pectin-containing fentanyl citrate solution applied 
to the nasal mucosa transforms into a gel that prolongs the resi-
dence time at the application site and prevents intranasal runoff. 
The bioavailability of FPNS is 70% [44]. It attenuates the peak 
plasma concentration of fentanyl and has a prolonged elimination 
half-life compared to that of INFS. FPNS has a rapid Tmax (15–21 
minutes) and long elimination half-life (15–25 hours). The recom-
mended starting dose of FPNS is 100 μg. A 2-hour interval must 
be observed before treating any subsequent episode of break-
through pain because of the long elimination half-life of FPNS. 

All types of transmucosal fentanyl decrease breakthrough pain 
within 30 minutes. OTFC, FBT, INFS, and FPNS significantly re-
duce pain within 15 minutes. SLF shows significant pain reduction 
at 30 minutes, but not at 15 minutes. INFS shows superior efficacy 
compared to all other medications at 15 and 30 minutes. INFS also 
shows greater efficacy at 5 minutes than FBT and OTFC but not 
FPNS [45]. INFS and FPNS provide the fastest meaningful pain 
relief even though they are administered at relatively low doses, 
possibly because of their faster analgesic effects [46]. Nasal trans-
mucosal fentanyl is preferred in patients with severe mucositis 
[46]. 

Most patients were satisfied with transmucosal fentanyl adminis-
tered for breakthrough pain. Patients were more likely to use FPNS 
and SLF than OTFC [46]. A study indicated that breakthrough 
pain management with rapid onset transmucosal fentanyl im-
proved quality of life, including physical and emotional status [47]. 

For patients who are opioid tolerant, transmucosal fentanyl is 
recommended for the treatment of incident pain not relieved by 
conventional immediate-release opioids, but it is not recommend-
ed for use when background pain control is inadequate [11]. Start-
ing with the lowest possible dose of transmucosal fentanyl and 
up-titrating is recommended. However, repeated dosing during ti-
tration may prolong the duration of uncontrolled pain. This dis-
courages patients who may refuse treatment and increases the un-
certainty, inconvenience, and cost of care. A recent study showed 
that the opioid doses required for breakthrough pain were signifi-
cantly associated with those required for background pain [48]. 

The treatment of breakthrough pain was attempted by starting the 
first dose of transmucosal fentanyl based on the total daily dose of 
opioids. This method appears to be effective and well-tolerated 
based on available evidence [48,49]. 

It is recommended that no more than four doses of all forms of 
transmucosal fentanyl be administered per day. However, there is 
no pharmacological reason for this limit, and clinicians frequently 
administer more than four doses daily to appropriate patients [10]. 
However, a higher frequency of breakthrough pain episodes was 
associated with suboptimal pain management [50]. Therefore, op-
timization of background analgesia may reduce the frequency of 
breakthrough pain.  

Fentanyl is highly addictive, carries a risk of abuse, and increases 
mortality in patients who are not opioid tolerant [51]. Therefore, 
transmucosal fentanyl is recommended for patients who are opioid 
tolerant and take > 60 mg of oral morphine or equivalent daily. Re-
cent studies have demonstrated the safety and efficacy of transmu-
cosal fentanyl for managing breakthrough pain in patients receiv-
ing low-dose opioids [52]. Opioid-use disorder in patients with 
cancer is low (8%), and evidence that transmucosal fentanyl is 
more addictive is scarce [53]. Despite concerns regarding opioid 
abuse and dependence, clinicians should not hesitate to use opi-
oids to manage cancer pain in patients with only a few months to 
live. 

Conclusion 

The management of breakthrough pain in cancer remains chal-
lenging. It requires individualized treatment based on the cause, 
pathophysiology, and clinical features of the pain. Strategies for 
managing breakthrough pain include the use of oral opioids, adju-
vant analgesics, neuraxial opioids, orthotic devices, interventions, 
and surgery. The primary treatment is a rescue medication using 
rapid-onset opioids with adequate background pain control. Clini-
cians should use their knowledge of rapid-onset opioids to identify 
the formulation that best treats a patient with breakthrough pain. 
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Background: Although Korea ranks first in the suicide rate of elderly individuals, there is limited research on those who attempt sui-
cide, with preventive measures largely based on population-based studies. We compared the demographic and clinical characteristics 
of elderly individuals who attempted suicide with those of younger adults who visited the emergency department after suicide at-
tempts and identified the factors associated with lethality in the former group. 
Methods: Individuals who visited the emergency department after a suicide attempt from April 1, 2017, to January 31, 2020, were in-
cluded. Participants were classified into two groups according to age (elderly, ≥65 years; adult, 18–64 years). Among the 779 adult 
patients, 123 were elderly. We conducted a chi-square test to compare the demographic and clinical features between these groups 
and a logistic regression analysis to identify the risk factors for lethality in the elderly group.  
Results: Most elderly participants were men, with no prior psychiatric history or suicide attempts, and had a higher prevalence of un-
derlying medical conditions and attributed their attempts to physical illnesses. Being sober and planning suicide occurred more fre-
quently in this group. In the elderly group, factors that increased the mortality rate were biological male sex (p<0.05), being accom-
panied by family members (p<0.05), and poisoning as a suicide method (p<0.01).
Conclusion: Suicide attempts in elderly individuals have different characteristics from those in younger adults and are associated with 
physical illness. Suicides in the former group are unpredictable, deliberate, and fatal. Therefore, tailored prevention and intervention 
strategies addressing the characteristics of those who are elderly and attempt suicide are required. 
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Introduction 

Despite remarkable advances in modern medicine and technology 
that have led to a decrease in mortality rate and an increase in life 
expectancy every year, the number of deaths by suicide has not di-
minished. Korea ranked first in suicide rate among the Organiza-
tion for Economic Co-operation and Development (OECD) 

member countries in 2003 and has been in first or second place 
thereafter. The average suicide rate in OECD member countries in 
2019 was 11.0 per 100,000 population, and Korea ranked first with 
24.6 suicides per 100,000 population, which was more than twice 
the OECD average suicide rate [1]. Suicide is a tragic issue with 
significant social and economic costs. In 2019, the Centers for Dis-
ease Control and Prevention of the United States estimated the so-
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individuals are insufficient. Most existing studies are epidemiologi-
cal and investigated sociodemographic characteristics and revealed 
associations with suicidal thoughts through questionnaires. There-
fore, studies involving sufficient numbers of people who attempted 
suicide are rare. This study investigated the demographic and clini-
cal characteristics of elderly individuals visiting the emergency de-
partment who had attempted suicide. Consequently, we confirmed 
existing research results, identified risk factors related to suicide in 
the elderly population, and used them to classify risk groups for 
prevention.  

Methods

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Yeungnam University Hospital 
(IRB No: 2023-01-016), and the requirement for informed 
consent was waived due to the retrospective nature of the 
study. 

1. Patients 
A total of 2,011 patients visited the Department of Emergency at 
Yeungnam University Hospital between April 1, 2017, and January 
31, 2020, after attempting suicide. Among them, cases in which a 
suicide attempt was confirmed through the information provided 
by the patient or when the patient denied having attempted sui-
cide, but a guardian or rescuer provided objective information con-
firming such an attempt were included in the study. The exclusion 
criteria were as follows: children under 18 years of age and cases in 
which only suicidal thoughts were reported but no suicide attempt 
was made. A total of 779 individuals who attempted suicide, in-
cluding 656 non-elderly (18–64 years) and 123 elderly ( ≥ 65 
years) individuals, were studied. 

2. Study procedure and assessment 
This study used the interview records of case managers of the 
“Emergency Department-Based Suicide Attempts Post-Manage-
ment Project,” a national suicide prevention project, and the medi-
cal records of the Departments of Psychiatry and Emergency Med-
icine at Yeungnam University Hospital was designated as a regional 
emergency medical center in 2019 and receives approximately 
25,000 patients annually. The institution has participated in this 
project since 2017. Through case management, this project pro-
motes the emotional stability of those who attempt suicide and vis-
it the emergency department, and it prevents the recurrence of sui-
cide attempts by linking them with necessary treatment and coun-
seling services. 

If a patient who visits the emergency department of a research 

cial cost of suicide and suicide attempts in 2020 at approximately 
$165 billion [2]. Regarding Korea, the Health Insurance Policy 
Research Institute under the National Health Insurance Service pub-
lished a socioeconomic cost analysis report of the ten major causes of 
death in 2015. According to this report, the socioeconomic costs re-
lated to suicide were estimated at 6.448 trillion won [3]. 

Korea has a high suicide rate in all age groups; however, the sui-
cide rate among the elderly population is particularly high. Korea 
set a record for the highest suicide rate of elderly individuals 
among OECD member countries from 2013 to 2020. As of 2019, 
the suicide rate per 100,000 people by age group in Korea was 
33.7, 46.2, and 67.4 for people in their 60s, 70s, and ≥ 80 years old, 
which is 2.2, 2.8, and 3.1 times higher than the OECD averages 
(15.2, 16.4, and 21.5), respectively [1]. According to the statistics 
on the causes of death announced by the Statistics Korea in 2020, 
3,392 people aged 65 years or older died from suicide attempts in 
Korea [4]. Although the global population is aging, the Korean 
population is aging at a faster rate than that of other countries. 
Most countries, including Korea, follow the United Nations (UN) 
definition of elderly as those over 65 years of age. The UN defines 
an aging society as a population aged 65 years or older that ac-
counts for 7% or more of the total population, an aged society as 
14% or more, and a super-aged society as 20% or more. Korea be-
came an aging society in 2000, and this trend has accelerated re-
markably. It is predicted that 20.6% of Koreans will be 65 years or 
older by 2025, making Korea a super-aged society at an unprece-
dented speed [5]. This demographic shift has significant implica-
tions for various social and economic sectors, and preparations are 
crucial for future development and well-being. 

Research has shown that suicide attempts are more serious and 
more likely to result in mortality in those who are elderly than in 
those who are younger [6]. In addition, it has been reported that 
physical illness or disability in elderly individuals is strongly associ-
ated with suicide attempts and that limited social connections are 
associated with suicidal ideation, non-suicidal self-harm, and sui-
cide [7]. There are several risk factors for suicide in the elderly 
population, including serious psychiatric disorders, depression, 
and a history of suicide attempts [8]. In a Korean study, suicidal 
ideation was significantly higher among elderly men living alone 
than not living alone. This study also revealed that higher levels of 
depression, lower self-esteem, and poor economic status were as-
sociated with suicide [9]. As part of a regionally tailored suicide 
prevention project, local governments are implementing preven-
tive measures targeting elderly individuals and those living alone 
and are continuing attempts to lower the suicide rate in the elderly 
population [10]. However, systematic studies and indicators of the 
characteristics and risk factors of suicide attempts among elderly 
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institution is recorded as having made a suicide attempt in the Na-
tional Emergency Department Information System, the emergen-
cy medicine and psychiatric departments, and the case managers 
are automatically contacted. Emergency medicine doctors provide 
physical treatment, and the psychiatric department records psy-
chosocial and clinical factors, including the presence of mental ill-
ness, psychiatric symptoms, suicidal ideation, and suicide plans, 
through interviews and then provides psychotherapy. Case manag-
ers receive education and records management training through 
the Korea Respect for Life Hope Foundation (formerly the Cen-
tral Suicide Prevention Center) and evaluate the items in the sui-
cide attempt follow-up management manual. The demographic 
data of patients who attempted suicide, history of suicide attempts, 
coexisting diseases, medical conditions, and clinical data necessary 
for this study were included in the case manager’s questionnaire 
prepared in advance. 

3. Statistical analysis 
Data obtained from the medical and clinical records were pro-
cessed using IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA). 
Statistical significance was found when the p-value was less than 
0.05. Adult patients aged 19 years or older were divided into elder-
ly ( ≥ 65 years) and non-elderly adult (hereafter adult; < 65 years) 
groups, and the characteristics and specific relationships of the col-
lected demographic and clinical data of suicide attempts were com-
pared. When the dependent variable was categorical, the chi-
square test or Fisher exact test was used. A post-hoc analysis was 
conducted using Bonferroni correction. When the dependent vari-
able followed a normal distribution, the Student t-test was used. In 
addition, logistic regression analysis was performed within the el-
derly suicide attempt group to analyze the independent factors in-
fluencing the reasoning of these patients.  

Results  

1. Comparison of demographic characteristics between 
elderly and adult groups 
The elderly group had significantly higher and lower proportions 
of male and female (p < 0.001), respectively, than the adult group. 
The elderly group had a lower percentage of highly educated indi-
viduals with at least a college degree and a higher percentage of in-
dividuals who were illiterate (p < 0.001) and held a job (p = 0.019) 
than the adult group. The proportion of unmarried participants 
was lower and that of married participants was higher in the elderly 
group than in the adult group (p < 0.001). In addition, no signifi-
cant differences were found between the two groups in terms of 
cohabitation (p = 0.997), religion (p = 0.124), health insurance 

(p = 0.359), or monthly household income (p = 0.880). When 
conducting a post-hoc analysis using the Bonferroni correction, the 
results were found to be comparable (Table 1, Supplementary Ta-
ble 1). 

2. Comparison of clinical characteristics between elderly 
and adult groups 
The elderly group had lower suicide attempt rates among those 
with a history of suicide attempts (p = 0.007) and a significantly 
lower number of previous suicide attempts than the adult group 
(p < 0.001). The proportion of individuals who had never received 
psychiatric treatment was higher and the percentage of individuals 
currently receiving psychiatric medication was lower in the elderly 
group than in the adult group (p = 0.018). The number of past psy-
chiatric admissions was lower in the elderly group than in the adult 
group (p < 0.001). There was a significant difference in suicide 
awareness; however, this was attributable to the proportion of indi-
viduals whose status could not be assessed (p = 0.006). The elderly 
group had more recent acute and chronic diseases than the adult 
group (p < 0.001). There were no significant differences in physi-
cal (p = 0.295) and psychiatric (p = 0.372) treatments after past 
suicide attempts or family histories of psychiatry (p = 0.789) and 
suicide attempts (p = 0.542) (Table 1, Supplementary Table 2). 

3. Comparison of suicide-related characteristics between 
elderly and adult groups 
Among the suicide attempt methods, the elderly group had a high-
er prevalence of poisoning than the adult group (p < 0.001). In the 
elderly group, the proportion of those choosing houses and hospi-
tals as places to attempt suicide was higher than in the adult group 
(p < 0.001). The ratios of hospital visits with family and friends 
were higher and lower, respectively, in the elderly group 
(p = 0.021). The elderly group had fewer suicide attempts in a 
drunken state (p = 0.002), and more planned suicide attempts 
(p < 0.001) than the adult group. In the elderly group, the rate of 
not asking for help before attempting suicide was higher and that 
of asking for help was lower (p < 0.001). Among the events that 
triggered suicide attempts, the proportion of diseases was higher, 
whereas that of intersocial, psychiatric, and socioeconomic prob-
lems was lower (p < 0.001). The sincerity of suicide attempts 
(p < 0.001) and transfer or discharge rates (p < 0.001) were higher 
in the elderly group than in the adult group. In the elderly group, 
there were fewer individuals with clear consciousness, and more 
were in a comatose state than in the adult group (p = 0.003). Elder-
ly individuals had a lower incidence of no or slight injury but a 
higher rate of needing admission or mortality (p < 0.001). There 
was a difference in referrals to psychiatric treatment; however, this 
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difference was due to mental deterioration or death (p < 0.001). 
No significant differences were found between the two groups re-
garding suicide notes (p = 0.371) or suicide with other people 
(p > 0.99) (Table 2, Supplementary Table 3). 

4. Factors affecting lethality of elderly individuals who 
attempted suicide 
In the univariate logistic regression analysis performed on the vari-
ables used in the correlation analysis, biological male sex (odds ra-
tio [OR], 5.804; 95% confidence interval [CI], 1.248–26.984), a 
family member accompanying the person to the emergency de-
partment (OR, 0.064; 95% CI, 0.005–0.760), and suicide attempt 
by poisoning (OR, 0.191; 95% CI, 0.058–0.633) were identified as 
significant risk factors for mortality (Table 3).  

Discussion 

This study found differences in demographic, clinical, and suicide 
attempt-related characteristics between elderly and adult individu-
als who attempted suicide. The findings support the results of pre-
vious epidemiological studies showing differences in suicidal ide-
ation and suicide attempts between individuals who are elderly 
and those who are younger [11,12]. 

The proportion of male participants was significantly higher in 
the elderly group than in the adult group. Women make more sui-
cide attempts; however, the suicide mortality rate is higher among 
men [13]. Considering previous reports that the rates of suicidal 
ideation and attempts increase with age in men who are elderly 
[14], assessments of suicide risk and immediate interventions for 

Table 1. Demographic and clinical characteristics of the elderly and adult groups

Variable Adult group
(n=656)

Elderly group
(n=123)

χ2 or Fisher  
exact test p-value

Sex 13.148 <0.001
 Male 263 (40.1) 71 (57.7)
 Female 393 (59.9) 52 (42.3)
Education 82.339 <0.001
 Illiteracy 0 (0) 10 (45.5)
 Below high school 80 (46.8) 7 (31.8)
 College or above 91 (53.2) 5 (22.7)
Employed 5.480 0.019
 Yes 167 (48.0) 50 (62.5)
 No 181 (52.0) 30 (37.5)
Marital status 62.323 <0.001
 Single 233 (43.4) 0 (0)
 Married 257 (47.9) 78 (89.7)
 Divorced/separated/widowed 47 (8.8) 9 (10.3)
Past suicide attempt history 7.398 0.007
 Yes 190 (33.9) 23 (20.7)
 No 371 (66.1) 88 (79.3)
Past psychiatric treatment 11.946 0.018
 Likely to have had psychiatric problems (never seen a doctor) 201 (37.5) 57 (50.0)
 Likely to have not had psychiatric problems (never seen a doctor) 47 (8.8) 14 (12.3)
 Discontinued treatment 58 (10.8) 13 (11.4)
 Currently in treatment (with medication) 227 (42.4) 29 (25.4)
 Currently in treatment (no medication) 3 (0.6) 1 (0.9)
Awareness of suicide 10.334 0.006
 Admit 84 (16.0) 10 (10.5)
 Deny 430 (82.1) 78 (82.1)
 Uncheckable 10 (1.9) 7 (7.4)
Past medical history 177.934 <0.001
 No underlying disease 404 (72.0) 15 (12.6)
 Recent acute disease 9 (1.6) 7 (5.9)
 Chronic disease (not interfering with daily life) 125 (22.3) 58 (48.7)
 Chronic disease (interfering with daily life) 23 (4.1) 39 (32.8)
Past psychiatric admission counta) 2.01 0.15 13.120 <0.001

Values are presented as number (%) or mean value only. 
a)t-test.
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Table 2. Suicide-related characteristics of elderly and adult groups 

Variable Adult group  
(n=656)

Elderly group  
(n=123)

χ2 or Fisher  
exact test p-value

Suicide method 11.467 <0.001
 Poisoning 463 (70.6) 105 (85.4)
 Non-poisoning 193 (29.4) 18 (14.6)
Suicide place 30.618 <0.001
 House 515 (85.8) 112 (95.7)
 School 52 (8.7) 0 (0)
 Commercial facility 6 (1.0) 0 (0)
 Accommodation 6 (1.0) 0 (0)
 Car 14 (2.3) 1 (0.9)
 Hospital 1 (0.2) 4 (3.4)
 Outdoor 5 (0.8) 0 (0)
Drunk during suicide attempt 9.820 0.002
 Drunken 281 (48.0) 35 (31.8)
 Sober 304 (52.0) 75 (68.2)
Current suicide thoughts 8.520 0.014
 Yes 286 (64.6) 40 (51.3)
 No 140 (31.6) 30 (38.5)
 Uncheckable 17 (3.8) 8 (10.3)
Suicidal plan 11.501 <0.001
 Planned 75 (13.4) 28 (26.4)
 Impulsive 484 (86.6) 78 (73.6)
Seeking help 18.979 <0.001
 Do not need help 353 (58.8) 92 (79.3)
 Giving a clue 101 (16.8) 12 (10.3)
 Help (before attempt) 42 (7.0) 1 (0.9)
 Help (after attempt) 104 (17.3) 11 (9.5)
Reason for suicide attempt 98.829 <0.001
 Intersocial 142 (25.1) 12 (10.8)
 Family 116 (20.5) 19 (17.1)
 Psychiatric 124 (21.9) 10 (9.0)
 Socioeconomic 108 (19.1) 10 (9.0)
 Disease 72 (12.7) 58 (52.3)
 Death or severe illness around people 4 (0.7) 2 (1.8)
Sincerity 29.604 <0.001
 Sincerely chose a way to die 326 (53.9) 95 (79.2)
 Wanted to die, but chose a way that might not die 152 (25.1) 18 (15.0)
 Helping 125 (20.7) 6 (5.0)
 Others 2 (0.3) 1 (0.8)
Refer for psychiatric treatment 21.021 <0.001
 Referred 321 (49.2) 53 (43.1)
 Not necessary 210 (32.2) 44 (35.8)
 Patient refused 104 (15.9) 13 (10.6)
 Mental deterioration 13 (2.0) 7 (5.7)
 Expired 5 (0.8) 6 (4.9)
Status after visiting emergency department 27.609 <0.001
 Inpatient 192 (29.4) 28 (22.8)
 Transfer 86 (13.1) 27 (22.0)
 Discharge 355 (54.3) 53 (43.1)
 Others 21 (3.2) 15 (12.2)
Level of consciousness 14.284 0.003
 Alert 419 (64.2) 58 (47.5)
 Drowsy 115 (17.6) 28 (23.0)
 Stupor/semicoma 90 (13.8) 24 (19.7)
 Coma 29 (4.4) 12 (9.8)
Medical lethality 43.997 <0.001
 No or slight injury 273 (42.2) 28 (23.1)
 Injury needing moderate attention 224 (34.6) 34 (28.1)
 Injury needing admission 132 (20.4) 44 (36.4)
 Expired 18 (2.8) 15 (12.4)
Values are presented as number (%).
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Table 3. Factors affecting lethality of suicide attempts in partici-
pants who are elderly

Variable Odds ratio (95% CI) p-value
Sex, male 5.804 (1.248–26.984) <0.05
Covisitor, family 0.064 (0.005–0.760) <0.05
Suicide method, poisoning 0.191 (0.058–0.633) <0.01

CI, confidence interval

this population are particularly necessary. There were fewer college 
graduates and more illiteracy in the elderly group than in the adult 
group. According to the 2020 elderly survey report [11], approxi-
mately 10.6% of elderly individuals aged 65 years or older had no 
education; 31.7%, 23.3%, and 28.4% had graduated from elemen-
tary, middle, and high schools, respectively; and only 5.9% had a 
community college or higher education. This could be considered 
a characteristic of the elderly group that is unrelated to suicide at-
tempts. However, existing studies have shown that suicidal ide-
ation, hopelessness, and depression are higher in elderly people 
with low education, and that low education [15] in the elderly 
population is related to low self-efficacy [16] and subjective quality 
of life [17]. Therefore, lack of education and low educational at-
tainment, which are more prominent in the elderly group, may 
have contributed to the increase in suicide attempts. The rate of 
suicide attempts of elderly individuals living alone was high 
(57.72%), but there was no difference compared with that of the 
adult group [11]. There was no significant difference between the 
two groups in terms of type of medical insurance or monthly 
household income; however, the proportion of participants receiv-
ing medical aid was similarly high in both groups. As of 2021, 
592,807 of the 1,516,525 beneficiaries of medical aid, or approxi-
mately 39%, were seniors aged 65 years or older [18]. In this study, 
among the elderly participants who visited the emergency depart-
ment because of a suicide attempt, 74.8% were medical aid benefi-
ciaries, which is higher than that of the general elderly population. 
This is consistent with previous findings that socioeconomic status 
in the elderly population is associated with depression and suicidal 
ideation [19,20]. 

When examining psychiatric history, the elderly group had a 
higher proportion of individuals with no history of and a lower 
proportion of individuals currently receiving psychopharmacologi-
cal treatment and past psychiatric hospitalizations. This appears to 
contrast with established studies that identify psychiatric history as 
an important risk factor for reattempting suicide and a major factor 
in increasing suicide risk and completion rates [21]. However, this 
could be due to negative perceptions and neglect of mental health 
care in the past, as well as low accessibility to such services. It 
should also be considered that these societal impacts may be even 

more pronounced among older individuals. In the elderly group, a 
higher proportion of individuals had no history of suicide at-
tempts, and the number of past suicide attempts was lower than in 
the adult group. In the elderly population, the presence of a suicide 
attempt is associated with an even higher suicide risk [22,23]. 
When connecting these findings to previous studies indicating 
lower levels of depression, anxiety, and suicide-related scales in in-
dividuals who attempted suicide and are elderly than in those who 
are non-elderly, suicide among elderly individuals may exhibit 
characteristics that make it more easily overlooked and difficult to 
predict [24]. Therefore, heightened attention should be paid to el-
derly individuals who appear to have a lower suicide risk, consider-
ing their psychiatric history, scales, and even suicide history. 

In our study, elderly individuals were more likely than adults to 
have underlying chronic diseases. Although physical diseases com-
monly increase with age, it is important to pay attention to the high 
prevalence of depression and suicidal ideation in hospitalized pa-
tients who are elderly [25]. In older adults, both physical and men-
tal illnesses can independently increase the risk of suicide, and mul-
tiple diseases can further increase such risk [25-27]. This is consis-
tent with the higher rate of physical illness as a reason for suicide in 
the elderly group than in the adult group. Physical discomfort or 
underlying diseases in older adults are mediated by feelings of de-
pression and hopelessness, which increase the severity of suicide 
attempts [26,27]. Additionally, considering that elderly individuals 
with depression often complain of physical discomfort rather than 
emotional discomfort [28], their suicide risk needs to be assessed 
in not only psychiatry but also in other departments. According to 
a psychological autopsy study, nearly 50% of those aged 60 years or 
older who died by suicide visited a medical institution in the 
month of death, 26% in the week before death, and 7% on the day 
before death, but more than half of the counseling was for physical 
discomfort [29]. 

The proportion of those who chose poisoning as the suicide 
method was higher in the elderly group than in the adult group. 
According to global statistics, hanging is the most common meth-
od of suicide, and it is the same in Korea [10,30]. However, the 
probability of survival in the emergency department owing to the 
high fatality rate is significantly lower than that of poisoning. Com-
pared with adults who are younger, the severity and prognosis of 
patients who are elderly are worse for poisoning; therefore, more 
attention and care are needed [12]. 

The finding that suicide attempts in the elderly group are more 
deliberate is consistent with previous reports [29]. This is because, 
in the case of suicides in the elderly population, attempts are often 
made because of existing suicidal thoughts that have lasted for a 
long time rather than those that have been triggered by a specific 
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event [31,32]. 
The rate of asking for help immediately before the suicide was 

significantly lower in the elderly group. Paradoxically, suicidal ide-
ation in the elderly population tends to be chronic because it is of-
ten long-standing. In one study, 49% of suicide attempts in individ-
uals over the age of 60 years revealed suicidal intentions within the 
year prior to death, and 18% of cases overtly expressed suicidal ide-
ation [30]. Therefore, there is a period during which intervention 
is possible for elderly individuals, and it is necessary to devise time-
ly and appropriate intervention methods. 

Suicide attempts by the elderly group were more genuine and 
medically lethal. This supports previous findings that suicide by 
older individuals has a high fatality rate [23,33] and is consistent 
with previous reports that older adults have higher suicidal inten-
tions than younger adults [34]. 

In the elderly group, the factors that increased fatality were (1) 
biological male sex, (2) being accompanied by family members, 
and (3) poisoning as a suicide method. Although female partici-
pants had a higher rate of suicidal thoughts and attempts than their 
male counterparts, male mortality rates were higher in previous 
studies [35]; the same results were confirmed in the elderly group 
in our study. In 37 OECD countries, persons aged 70 years and 
older are more likely to die by suicide than any other age group, 
and the tendency toward fatal suicidal behavior prevails in men 
aged 75 years, with rates six times higher than those in women 
[36]. Many younger adults visited the emergency department by 
themselves or with friends. However, among the elderly partici-
pants, there were many cases in which they could not reach the 
emergency department on their own because of their physical fra-
gility after a serious suicide attempt. Many patients were trans-
ferred and, under these circumstances, being accompanied by a 
family member may be related to the mortality rate. According to 
2017 data from the Korea Emergency Medical Information Sys-
tem, poisoning was the most common suicide attempt method, 
and the rate of choosing poisoning for suicide attempts increased 
with age [37]. Another study that evaluated suicide attempts by 
poisoning showed that psychiatric drugs (43.4%) were the most 
common substances used across all age groups, whereas pesticides 
(50.3%) were the most common substances used for self-poison-
ing among elderly individuals [38]. Self-poisoning is also associat-
ed with poorer clinical outcomes in elderly patients than in young-
er adult patients. Fatal substances are often selected by older indi-
viduals. Additionally, more serious medical situations may be 
caused by toxic substances due to preexisting diseases and aging, 
which are believed to increase the mortality rate of the elderly pop-
ulation. In one study, demographic and clinical factors, such as old-
er age, biological male sex, interpersonal stress, and impression of 

schizophrenia, were associated with mortality among those who 
attempted suicide and were younger than 65 years. However, in the 
same study, no factors affecting the mortality of suicide attempts in 
elderly individuals were found, but there may have been limita-
tions, as only 37 suicide attempts by older individuals were includ-
ed [6]. 

The limitations of this study were as follows. First, considering 
the results of a previous study in which less than 30% of those at-
tempting suicide visited the hospital, the current study was con-
ducted on those who visited the emergency department of a uni-
versity hospital; therefore, there may be limitations in generalizing 
the results. Second, this study included critically ill participants 
who attempted suicide and visited the emergency department, 
which limited the use of validated scales owing to time and envi-
ronmental constraints. However, this study was not indirectly per-
formed via a questionnaire survey but rather by directly assessing 
high-risk patients who attempted suicide, including a sufficient 
number of elderly participants who were compared with younger 
adults. In addition, this study attempted to identify the predictors 
of suicide mortality in the elderly group and found significant re-
sults. These findings highlight the importance of conducting large 
well-designed studies to replicate and validate our results. 

In conclusion, our study revealed distinct characteristics of elder-
ly individuals who attempted suicide compared with those of 
younger adults who attempted suicide. Physical illness plays a sig-
nificant role in suicide attempts and related life events among older 
adults. Suicide attempts among the elderly were more premeditat-
ed and serious, employing lethal methods such as pesticide poi-
soning. Moreover, these patients were less likely to receive appro-
priate psychiatric treatment, were hesitant to seek help, and faced 
higher lethality due to underlying medical conditions. These find-
ings underscore the need for a tailored preventive strategy aimed at 
addressing the specific needs of the elderly population. 
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Background: Medication-related osteonecrosis of the jaw (MRONJ) is a significant concern, particularly among patients taking bis-
phosphonates (BPs), denosumab, and selective estrogen receptor modulators (SERMs) for osteoporosis. Despite the known risks, large-
scale cohort studies examining the incidence and severity of MRONJ are lacking. We aimed to ascertain the incidence and risk of 
MRONJ among these patients, whom we stratified by age groups, medication types, and duration of use. 
Methods: We utilized data from the National Health Insurance Service’s sample cohort database, focusing on patients aged 40 years 
and above diagnosed with osteoporosis. The patients were divided into three groups: those prescribed BPs only, those prescribed 
SERMs only, and those prescribed both. 
Results: The overall incidence rate of MRONJ was 0.17%. A significantly higher incidence rate was observed among those taking os-
teoporosis medications, particularly among females with a relative risk of 4.99 (95% confidence interval, 3.21–7.74). The SERM group 
also had an incidence rate comparable to that of the BP group. Severity was assessed based on the invasiveness of the treatment 
methods, with 71.3% undergoing invasive treatment in the medication group. 
Conclusion: This study provides valuable insights into the incidence and severity of MRONJ among a large cohort of patients with os-
teoporosis. It underscores the need for comprehensive guidance on MRONJ risks across different medication groups and sets the stage 
for future research focusing on specific populations and treatment outcomes. 

Keywords: Bisphosphonate; Osteonecrosis of jaw; Osteoporosis; Selective estrogen receptor modulators

Original article
eISSN 2799-8010
J Yeungnam Med Sci 2024;41(1):39-44
https://doi.org/10.12701/jyms.2023.01116

Incidence and severity of medication-related 
osteonecrosis of the jaw in patients with osteoporosis 
using data from a Korean nationwide sample cohort in 
2002 to 2019: a retrospective study
Su-Youn Ko1, Tae-Yoon Hwang2, Kiwook Baek3, Chulyong Park2,3

1Gyeongsangbuk-do Public Health Policy Institute, Daegu, Korea
2Department of Preventive Medicine and Public Health, Yeungnam University College of Medicine, Daegu, Korea
3Department of Occupational and Environmental Medicine, Yeungnam University Hospital, Daegu, Korea

Received: October 18, 2023 • Revised: November 21, 2023 • Accepted: November 29, 2023 • Published online: January 3, 2024   
Corresponding author: Chulyong Park, MD, PhD 
Department of Preventive Medicine and Public Health, Yeungnam University College of Medicine, 170 Hyeonchung-ro, Nam-gu Daegu 42415, Korea  
Tel: +82-53-620-4613 • Fax: +82-53-623-4399 • E-mail: ironyong@gmail.com 

Introduction 

Medication-related osteonecrosis of the jaw (MRONJ) is a debili-
tating oral condition characterized by the exposure of necrotic jaw-

bone, typically occurring in patient on certain medications, such as 
bisphosphonates (BPs) [1]. It is precipitated by dental surgery but 
occasionally manifests spontaneously. While this disorder has mul-
tiple etiologies, its association with BP medication is of particular 
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concern, especially given the widespread use of BPs for managing 
osteoporosis and cancer-related conditions like metastasis to the 
bone [2]. In the management of osteoporosis, BPs, selective estro-
gen receptor modulators (SERMs), and denosumab are common-
ly utilized as first-line pharmacological agents. These medications 
are frequently cited in multiple clinical guidelines pertaining to the 
treatment of osteoporosis [3]. 

One of the most significant adverse effects associated with BPs is 
osteonecrosis of the jaw (ONJ). Notably, ONJ related to surgical 
dental procedures, such as tooth extraction, periodontal treatment, 
and implantation, is a well-documented complication [4]. Addi-
tionally, individual comorbidities and lifestyle factors, such as ste-
roid use, cancer, diabetes, and smoking, elevate the risk of ONJ oc-
currence [5]. 

As the aging population continues to grow, the prevalence of os-
teoporosis is also on the rise, leading to an increase in the number 
of individuals prescribed BPs. The incidence of ONJ among those 
taking BPs has been reported to range from 0.05% to 0.21% [6]; 
however, large-scale cohort studies to accurately determine this in-
cidence rate have been lacking. In an aging population where the 
demand for dental treatments such as implantation is increasing, 
the potential for complications like ONJ poses a risk of diminished 
quality of life [7]. 

In particular, some epidemiological evidence exists regarding the 
increased risk of ONJ among BP users based on the duration of 
medication use, sex, and age. However, studies specifically examin-
ing the severity of ONJ related to medication use have been lack-
ing. Therefore, we aimed to ascertain the incidence and risk of 
ONJ among patients with osteoporosis prescribed with BPs and 
SERMs. We provided data on the incidence rate and risk of these 
patients stratified by age groups, medication types, and duration of 
use. Additionally, we presented data on the severity outcomes of 
MRONJ based on dental treatments. 

Methods 

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Yeungnam University Hospital 
(IRB No: YU 2021-12-007), and the requirement for in-
formed consent was waived.

1. Study population and cohort data 
The National Health Insurance Service’s (NHIS) sample cohort 
database is a standardized dataset for academic research. The data-
base provides health insurance data from 2002 to 2019 for one 

million individuals and is organized into tables for eligibility and 
premiums, birth and death records, medical treatment, health ex-
aminations, healthcare facilities, and long-term care. We aimed to 
analyze data from at least a 10-year period, considering adverse ef-
fects that could occur over several years; thus, we set the enroll-
ment year at 2006. 

The 2006 data comes from one million individuals who main-
tained eligibility as health insurance enrollees or medical aid bene-
ficiaries for that year, representing 2% of the entire South Korean 
population. For the purpose of this study, we excluded 886,082 in-
dividuals who were under the age of 40 years and had no diagnosis 
of osteoporosis from these one million individuals. We also exclud-
ed those who were diagnosed with osteoporosis prior to 2006. A 
total of 113,918 patients aged 40 years and above were identified as 
having been diagnosed with osteoporosis, among whom 61,183 
had been prescribed osteoporosis medications. The data on the 
prescription of osteoporosis medication was based on the date of 
the initial prescription.  

The definition of an osteoporosis-diagnosed patient in this study 
was based on the presence of an osteoporosis diagnosis code as ei-
ther the primary or secondary condition. The criteria for osteopo-
rosis diagnosis were based on the International Classification of 
Diseases, 10th Revision codes M80 (osteoporosis with pathologi-
cal fracture), M81 (osteoporosis without pathological fracture), 
and M82 (osteoporosis in diseases classified elsewhere). The oste-
oporosis medications were identified based on prior literature and 
are listed in Table 1. Those prescribed to the study participants 
consisted of BPs and SERMs, both of which were orally adminis-
tered. 

In this study, we divided the cohort into three groups for analy-
sis: those prescribed only BPs, those prescribed only SERMs, and 
those prescribed both. Among the 61,183 patients who had been 
prescribed osteoporosis medications, 195 were diagnosed with 
ONJ and constituted the final population for analysis. 

2. Definition of medication-related osteonecrosis of the jaw 
MRONJ is defined as the presence of exposed bone in the maxillo-
facial area or oral and extraoral fistulas that do not heal within 8 weeks 
in patients who have been administered bone-modifying agents such 
as antiresorptive drugs or angiogenesis inhibitors and who have no his-
tory of radiation therapy to the head and neck area [8]. 

To identify MRONJ, the diagnostic codes used were M87.1 (os-
teonecrosis due to drugs) and K10.2 (inflammatory conditions of 
jaws). We referred to the dental insurance claim codes used in gen-
eral hospitals and defined patients with MRONJ based on the fol-
lowing treatment codes, which are listed in Table 2. 
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Table 1. List of medications of osteoporosis
Type Medication Code
Bisphosphonates Alendronic acid 10 mg 228301ATB

Alendronic acid 5 mg 228302ATB
Alendronic acid 70 mg 228303ALQ

228303ATB
228305ATB

Alendronic acid 5 mg+calcitriol 0.5 μg 468000ATE
Alendronic acid 70 mg+cholecalciferol 

(vitamin D3 2.8 kIU)
481100ATB

Alendronic acid 70 mg+cholecalciferol 
(vitamin D3 5.6 kIU)

500200ATB

Disodium etidronate 0.2 g 147401ATB
Zoledronic acid 5 mg (50 μg/mL) 420732BIJ
Zoledronic acid 4 mg (40 μg/mL) 420730BIJ
Zoledronic acid 4 mg (0.8 μg/mL) 420731BIJ
Risedronate sodium 5 mg 442301ATB
Risedronate sodium 35 mg 442302ATB
Risedronate sodium 2.5 hydrate  

(enteric coated) 35 mg
442302ATE

Risedronate sodium 75 mg 442303ATB
Risedronate sodium 0.15 g 442330ATB
Risedronate sodium 35 mg+ 

cholecalciferol 5.6 kIU
511200ATB

Risedronate sodium 0.15 g+ 
cholecalciferol 30 kIU

518400ATB

Ibandronic acid 3 mg (1 mg/mL) 480330BIJ
Ibandronic acid 0.15 g 480304ATB
Ibandronic acid 0.15 g+cholecalciferol 

24 kIU
523900ATB

Pamidronate 15 mg (15 mg/mL) 207930BIJ
Pamidronate 0.1 g 207901ACS

SERMs Raloxifene 55.71 mg 358001ATB
Raloxifene 55.71 mg+cholecalciferol 

(as vitamin D3 800 IU)
659200ACH
659200ATB

Bazedoxifene 20 mg 617101ATB
Bazedoxifene 20 mg+cholecalciferol  

(as vitamin D3 800 IU)
674500ATB

Toremifene citrate (as toremifene 40 mg) 242101ATB
Toremifene citrate (as toremifene 20 mg) 234502ATB
Toremifene citrate (as toremifene 10 mg) 234501ATB
Clomipramine hydrochloride 25 mg 136302ACH
Clomipramine hydrochloride 25 mg 136301ACH
Clomiphene citrate 50 mg 136201ATB

kIU, kilo-international unit; IU, international unit; SERMs, selective es-
trogen receptor modulators.

Table 2. Treatment codes of osteonecrosis of the jaw

Code Treatment Category
U4457 Intraoral antiphlogosis-osteitis of jaw, 

osteomyelitis of jaw, etc.
Noninvasive treatment

U4467 Extraoral antiphlogosis-osteitis of jaw, 
osteomyelitis of jaw, etc.

U4533 Surgery of osteomyelitis of mandible or 
maxilla-limited alveolar bone

Invasive treatment

U4534 Surgery of osteomyelitis of mandible or 
maxilla-one side mandible 1/3 below

U4535 Surgery of osteomyelitis of mandible or 
maxilla-one side mandible 1/3 over

Results 

Among the 61,183 osteoporosis patients aged 40 years and above 
who were confirmed to have been prescribed osteoporosis medica-
tion, 5,537 were male and 55,646 were female, indicating a female 
majority. When examined by age group, there were 3,903 individu-
als aged 40 to 49 years, 14,945 in their 50s, 22,465 in their 60s, and 
19,870 aged 70 years and above. There were 52,743 were taking 
BPs, 3,101 patients taking SERMs, and 5,339 were taking both 
types of medications (Table 3). 

The occurrence of ONJ was examined based on sex, age group, 
and whether osteoporosis medication was administered (Table 4). 
The incidence of ONJ was significantly higher in the osteoporosis 
medication group (RR, 3.81; 95% confidence interval [CI], 2.66–
5.48), particularly among females with an RR of 4.99 (95% CI, 
3.21–7.74). In the 40s age group, the RR was relatively low at 1.44 
and was statistically insignificant (95% CI, 0.26–7.84). 

The time from the initial medication administration to the oc-
currence of ONJ was analyzed during the study period. In both the 
BP and SERM groups, the majority of cases occurred after 5 years, 
with 74 cases (51.0%) for the BP group and six cases (42.8%) for 
the SERM group (Table 5). 

In the treatment of ONJ, we examined both invasive and nonin-
vasive surgical treatment methods (Table 6). Among the group 
that received osteoporosis medication, invasive treatment was 
more common, accounting for 127 cases (71.3%). In contrast, in 
the group that did not receive medication, invasive treatment was 
relatively less common, with 20 cases (55.6%),  although this dif-
ference was not statistically significant. When examined by medi-
cation type, invasive treatment was performed in 69.9% of the BP 
group, 85.7% of the SERM group, and 75.0% of the group receiv-
ing both medications. 

Discussion 

MRONJ is considered a rare condition due to its low incidence 

3. Data analysis 
The data were analyzed using SAS 9.4 and IBM SPSS ver. 27.0 
(IBM Corp., Armonk, NY, USA) statistical software, with the sta-
tistical significance level set at a p-value of < 0.05. A cross-analysis 
was conducted to examine the general characteristics of patients 
with ONJ and the presence or absence of osteoporosis medication. 
Relative risk (RR) of ONJ occurrence based on the prescription of 
osteoporosis medication was also analyzed. 
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from any specialty take the risk of MRONJ into account and com-
municate appropriately with colleagues from other departments. 
Through this study, we confirmed the incidence rate of MRONJ 
among patients with osteoporosis who were taking BPs and as-
sessed its severity based on the invasiveness of the treatment meth-
ods. While epidemiological studies on the relationship between 

Table 3. Medications of osteoporosis with regards to sex and age

Variable Total
Osteoporosis medication

p-value
Bisphosphonates SERMs Both

Sex
 Male 5,537 (9.0) 5,432 (98.1) 58 (1.0) 47 (0.8) <0.001
 Female 55,646 (91.0) 47,311 (85.0) 3,043 (5.5) 5,292 (9.5)
Age (yr)
 40–49 3,903 (6.4) 2,839 (72.7) 733 (18.8) 331 (8.5) <0.001
 50–59 14,945 (24.4) 12,353 (82.7) 1,125 (7.5) 1,467 (9.8)
 60–69 22,465 (36.7) 19,468 (86.7) 759 (3.4) 2,238 (10.0)
 ≥70 19,870 (32.5) 18,083 (91.0) 484 (2.4) 1,303 (6.6)
Total 61,183 (100) 52,743 (86.2) 3,101 (5.1) 5,339 (8.7)

Values are presented as number (%).
SERMs, selective estrogen receptor modulators.

Table 5. Time to occurrence of osteonecrosis of the jaw with re-
gard to osteonecrosis medication

Time to  
incident (yr)

Osteoporosis medication
Bisphosphonates SERMs Total p-value

<1 10 (6.9) 3 (21.4) 13 (8.2)
≥1, <2 10 (6.9) 1 (7.2) 11 (6.9)
≥2, <3 13 (9.0) 3 (21.4) 16 (10.1)
≥3, <4 16 (11.0) 1 (7.2) 17 (10.7)
≥4, <5 22 (15.2) 0 (0) 22 (13.8)
≥5 74 (51.0) 6 (42.9) 80 (50.3)
Total 145 (91.2) 14 (8.8) 159 (100) 0.171

Values are presented as number (%).
SERMs, selective estrogen receptor modulators.

Table 6. The number of invasive or noninvasive treatments of os-
teonecrosis of the jaw according to medication

Medication Total Noninvasive 
surgery

Invasive  
surgery p-value

Yes 178 (83.8) 51 (28.7) 127 (71.3) 0.062
 Bisphosphonates 143 (80.3) 43 (30.1) 100 (69.9) 0.650
 SERMs 7 (4.0) 1 (14.3) 6 (85.7)
 Both 28 (15.7) 7 (25.0) 21 (75.0)
No 36 (16.2) 16 (44.4) 20 (55.6)
Total 214 (100) 67 (31.3) 147 (68.7)

Values are presented as number (%).
SERMs, selective estrogen receptor modulators.

rate, and its treatment and prognosis are often poor, necessitating 
prevention and caution. The condition involves complex prescrip-
tions and treatments across multiple specialties, including internal 
medicine, orthopedics, dentistry, oral and maxillofacial surgery, 
and plastic surgery. While it is challenging to manage solely within 
one specialty, there is room for prevention if healthcare providers 

Table 4. Numbers of cases of osteonecrosis of the jaws (ONJs) 

Variable Cases of osteoporosis
Cases of ONJ

RR (95% CI)
Total

Osteoporosis medication
Yes No

Sex
 Male 14,934 (13.1) 25 (0.17) 12 (48.0) 13 (52.0) 1.57 (0.72–3.44)
 Female 98,984 (86.9) 170 (0.17) 147 (86.5) 23 (13.5) 4.99 (3.21–7.74)
Age (yr) 
 40–49 15,105 (13.3) 6 (0.04) 2 (33.3) 4 (66.7) 1.44 (0.26–7.84)
 50–59 33,063 (29.0) 26 (0.08) 20 (76.9) 6 (23.1) 4.05 (1.62–10.08)
 60–69 34,150 (30.0) 92 (0.27) 77 (83.7) 15 (16.3) 2.68 (1.54–4.66)
 ≥70 31,600 (27.7) 71 (0.22) 60 (84.5) 11 (15.5) 3.23 (1.70–6.14)
Total 113,918 (100) 195 (0.17) 159 (81.5) 36 (18.5) 3.81 (2.66–5.48)

Values are presented as number (%).
RR, relative risk; CI, confidence interval.
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Second, securing statistical significance was challenging due to the 
rarity of MRONJ. Lastly, while it would have been ideal to evaluate 
the severity of MRONJ through staging in actual clinical settings, 
this was not feasible due to poor staging and limitations in access-
ing medical records. Therefore, we utilized a research method 
based on treatment method names. 

The evaluation concerning the severity and stage of MRONJ in 
clinical setting was as follows [15]. Stage 1 patients had exposed 
bone and were asymptomatic with no localized soft tissue infec-
tion. Stage 2 patients had exposed bone, pain, and regional soft tis-
sue inflammation or infection. Stage 3 patients had exposed bone 
with associated pain, localized soft tissue inflammation (or second-
ary infection), pathological fracture, and extraoral or oral-antral fis-
tulas. Radiographically, the bone showed osteolysis extending to 
the inferior mandibular border or maxillary sinus floor. However, 
those staging systems rarely applied to the patient, and the stage in-
formation was not available in NHIS. 

Despite these limitations, we were able to utilize nationwide data 
accumulated over a long period in this study. Particularly, we evalu-
ated the severity of MRONJ by using treatment methods as vari-
ables. Future research should focus on specific populations such as 
patients with osteoporosis and cancer and further explore the rela-
tionship between medication use and the location and severity of 
MRONJ. 
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BP use and MRONJ are somewhat known, this is the first study, to 
the best of our knowledge, that evaluates the severity of MRONJ 
based on medication use in a large-scale cohort. 

The prevalence of osteoporosis is increasing and is currently 
known to be 18.3% worldwide [9]. Elderly women are specifically 
at risk. Over 90% of patients with osteoporosis are women, partic-
ularly those older than 50 years. The demand for dental treatment 
also increases with age. Consequently, it was hypothesized that the 
incidence of MRONJ would also increase with age among those 
taking osteoporosis medications. This study confirmed epidemio-
logical evidence to support this. Given that over 90% of patients 
with osteoporosis are women and that BP prescriptions are also 
more common among female patients, it was observed that the in-
cidence of MRONJ is higher in women. Specifically, when exam-
ined by sex, it was confirmed that women are more vulnerable to 
MRONJ while on medication than men, which contrasts with pre-
vious studies that suggested a higher incidence of MRONJ among 
men taking BP compared to women [10,11]. 

A significantly higher incidence of MRONJ was observed in the 
group taking osteoporosis medications compared to those who 
were not. The incidence rate of MRONJ was found to be 0.17%. 
The incidence rate of MRONJ among patients with osteoporosis 
varies from study to study; for instance, a study in Japan reported 
an incidence rate of 0.06% [12]. This finding is consistent with 
previously known incidence rates, lending credibility to the reli-
ability of this sample cohort. 

We aimed to examine the differences between the BP group and 
the SERM group as a control. Interestingly, the incidence rate of 
MRONJ in the SERM group was found to be at the same level as 
that in the BP group. While MRONJ is generally not well-known 
to occur in patients taking SERMs, it has been reported to occur 
even in those receiving SERMs alone [13,14]. However, the asso-
ciation between MRONJ and SERMs should be carefully inter-
preted. The number of MRONJ cases should be considered as it is 
a relatively small number compared to that of the BP group. In ad-
dition, we observed MRONJ cases only in patients with osteopo-
rosis. This may have resulted in increased cases in the SERMs 
group, not in breast cancer or other SERM users. Although the re-
sults could be interpreted as an effect of past BP use in the SERM 
group, it suggests the need for comprehensive guidance on the 
risks of MRONJ for patients with osteoporosis undergoing drug 
treatment, including those in the SERM group. 

There are several limitations in this study. First, the representa-
tiveness of the data extracted from the sample cohort was limited 
as it was secondary data. Although the data from the NHIS claims 
to cover the entire population, the 2% of the allegedly entire popu-
lation uniformly extracted may still have lacked representativeness. 
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Introduction 

Although sciatic mononeuropathy is rare in children, its involve-
ment is the most common type as far as traumatic peripheral nerve 
injuries are concerned [1]. The etiology usually involves direct cut-
ting of the nerve, compression, vascular diseases, malignancy, and 
infections [1,2]. In this report, we present a 2-year-old child who 
suffered an unexpected sciatic nerve injury due to direct cutting by 
glass. During follow-up, he was also found to have periosteal in-

Peripheral nerves may be affected or injured for several reasons. Peripheral nerve damage can result from trauma, surgery, anatomical 
abnormalities, entrapment, systemic diseases, or iatrogenic injuries. Trauma and iatrogenic injuries are the most common causes. The 
ulnar, median, and radial nerves are the most injured nerves in the upper extremities, while the sciatic and peroneal nerves are the 
most injured nerves in the lower extremities. The clinical symptoms of peripheral nerve damage include pain, weakness, numbness/ 
tingling, and paresthesia. Therefore, early diagnosis and appropriate treatment of peripheral nerve injuries are crucial. If a peripheral 
nerve injury is left untreated, it can lead to severe complications and significant morbidity. The sciatic nerve is one of the most affect-
ed nerves. This nerve is generally injured by trauma and iatrogenic causes. Children are more susceptible to trauma than adults. There-
fore, sciatic nerve injuries are observed in pediatric patients. When the sciatic nerve is damaged, pain, weakness, sensory loss, and gait 
disturbances can occur. Therefore, the diagnosis and treatment of sciatic nerve injuries are important to avoid unexpected conse-
quences. Ultrasound can play an important role in the diagnosis of peripheral nerve injury and the follow-up of patients. The aim of 
this case report is twofold. First, we aimed to emphasize the critical role of ultrasonographic evaluation in the diagnosis of peripheral 
nerve injuries and pathologies. Second, we aimed to present this case, which has distinguishing features, such as the existence of peri-
ostitis ossificans progressiva with sciatic neurotmesis due to a traumatic glass injury. 

Keywords: Periostitis; Peripheral nerve injury; Rehabilitation; Ultrasonography; Wounds and injuries
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volvement in addition to the deep soft tissue injuries. We discuss 
the role of ultrasound examination in monitoring this patient and 
the rehabilitation challenges that he faces. 

Case 
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One year ago, a 2-year-old patient was examined 3 weeks after sur-
gery (left sciatic nerve coaptation and hamstring muscle repair) to 
repair a severed sciatic nerve resulting from a traumatic glass injury 
(falling on a glass vase while playing/running). He was prescribed 
home-based exercises and an ankle-foot orthosis. Electrodiagnos-
tic evaluations 4 months after the surgery had revealed severe axo-
nal injury to the left sciatic nerve. Range of motion, ankle stretch-
ing, and lower limb strengthening exercises were gradually added 
to the rehabilitation protocol. 

One year after surgery, physical examination during a control 
visit showed improved strength in the gastrocnemius and plantar 
flexor muscles, as well as the sensation of the plantar surface. Re-
peat electrodiagnostic evaluations revealed denervation potentials 
and neurogenic motor unit action potentials in the tibialis anterior 
and gastrocnemius muscles. Ultrasound examination (Fig. 1, Sup-
plementary Video 1) was performed on the sciatic nerve, which 
was significantly swollen and irregular compared with the right 
side (cross-sectional areas of 155 mm2 and 19 mm2, respectively). 
While scanning the peroneal and tibial branches (which were nor-
mal), a cortical/periosteal spur-like lesion was incidentally detect-
ed on the lateral side (Supplementary Video 2), which did not 
cause any compression of the sciatic nerve. Radiographs con-
firmed the diagnosis of periostitis ossificans progressiva (Fig. 1). 
An outpatient physical therapy program, including neuromuscular 
electrical stimulation of the left sciatic nerve-innervated muscles, 
was initiated, along with strengthening exercises. The patient is still 
undergoing conservative follow-up, and further surgical interven-

tion is not currently being considered. 

Discussion 

Sciatic nerve injury is the most common type of traumatic neurop-
athy in children [3]. Depending on the extent of trauma, the sce-
nario can turn into a complex injury involving nearby soft tissues. 
Considering its numerous advantages (high resolution, lack of ra-
diation, dynamic imaging, etc.), ultrasound examination appears 
to be the paramount initial approach for uncovering any nerve or 
adjacent pathology. Owing to its patient friendliness and the possi-
bility of dynamic assessment, ultrasound improves the examina-
tion, especially in children, where imaging would otherwise neces-
sitate additional techniques/medications [4]. One of the main 
purposes of this report was to draw attention to the role of ultra-
sound examinations in pertinent cases, particularly during long-
term follow-up, when repeat evaluations might be required. As a 
side note, ultrasound also led us to recognize another complication 
while scanning the healing sciatic nerve [5]. Indisputably, the need 
for extra imaging should always be part of the agenda in case sound 
waves fail to provide the “complete picture.” Radiography was per-
formed to image the periosteum, cortex, and bone to identify addi-
tional pathologies. Certain ossifications can be detected by ultra-
sound even before radiography or computed tomography [6]. 

The second aim for presenting this patient was to describe a 
nontrivial scenario of (extensive) trauma, in which rehabilitation 
was lengthy and challenging. However, despite the fact that nerve 

Fig. 1. (A) Axial imaging for cross-sectional area measurement (1.55 cm2) shows the edematous, irregular, and anechoic sciatic 
nerve (green tracing) on the left side. (B) Axial imaging for cross-sectional area measurement (0.19 cm2) shows the normal sciatic 
nerve (yellow tracing) on the right side. (C) Anteroposterior radiograph of the left femur (frog leg position) shows the periosteal 
lesion (arrow).
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and soft tissue healing is better in children than in adults, compli-
ance with orthotic use during daily life or electrical stimulation 
during physical therapy may be significantly lower in children. 
Nonetheless, the patient's favorable progress with conservative 
treatment precluded additional surgery. 

To the best of our knowledge, a direct/complete sciatic nerve 
cut due to a traumatic glass injury has not been reported in the rel-
evant literature. Therefore, in this rare (but otherwise possible) 
case, we call attention to the need for prompt and thorough imag-
ing during the acute care and long-term follow-up of extensive 
traumatic lesions. Last but not least, for children, ultrasound exam-
inations might be the “sous chef” while “baking.” 

Supplementary materials 

Supplementary Videos 1 and 2 can be found via https://doi.
org/10.12701/jyms.2023.01018. 
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Introduction 

The minimally invasive approach to intraabdominal surgery in 
urology has been revolutionized by introducing the DaVinci SP 
(Intuitive Surgical, Sunnyvale, CA, USA), whose benefits can be 
maximized in bilateral renal masses, where conventional multiport 
requires too many holes to insert trocars for the robotic instru-
ment. Bilateral renal tumors account for approximately 3% of renal 

While simultaneous bilateral partial nephrectomy with a conventional multiport robot has been consistently reported since the 2010s, 
the introduction of the DaVinci SP system (Intuitive Surgical, Sunnyvale, CA, USA) could provide a novel way to perform surgery on bi-
lateral kidneys while innovatively reducing the number of incisions. In our first report worldwide, the patient with bilateral small renal 
mass (2.0 cm for the left and 1.5 cm for the right side) and preoperative normal renal function was placed in the lateral decubitus po-
sition on an inverted bed. After tilting the bed to be as horizontal as possible, a 4-cm incision was made in the lower part of the umbi-
licus for the floating trocar technique. The partial nephrectomy was performed reliably as with the conventional transperitoneal ap-
proach, and then the patient could be repositioned to the contralateral side for the same procedure, maintaining all trocars. Total op-
eration time (skin to skin), total console time, and the left- and right-side warm ischemic times were 260, 164, 27, and 23 minutes, 
respectively, without applying the early declamping technique. The estimated blood loss was 200 mL. The serum creatinine right after 
the operation, on the first day, 3 days, and 90 days after surgery were 0.92, 0.77, 0.79, and 0.81 mg/dL, respectively. For 90 days after 
the procedure, no complications or radiologic recurrence were observed. Further clinical studies will reveal the advantages of using the 
DaVinci SP device for this procedure over traditional multiport surgery, maximizing the benefit of a single port-based approach. 

Keywords: Partial nephrectomy; Renal cell carcinoma; Robotics  
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tumors [1], and a simultaneous bilateral partial nephrectomy with 
a conventional multiport robot has been consistently reported 
since the 2010s. However, applying the DaVinci SP device by the 
transperitoneal approach through a median small incision for the 
floating trocar technique could provide an alternative surgical op-
tion that allows a bilateral approach to the kidney under a single 
anesthesia session. Here, we present the surgical technique and lit-
erature review.  

© 2024 Yeungnam University College of Medicine, Yeungnam University Institute of Medical Science
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Fig. 1A Fig. 1B

출판사께: 화살표 색이 적절한 지 검토해 주세요. 흰색이 잘 안보여서 노랑으로 했는데
적절한 지 잘 모르겠습니다. 출판사에서 결정해 주세요

Case  

Ethical statements: This study was approved by the Institu-
tional Review Board (IRB) of Yeungnam University Hospital 
(IRB No: YUMC-2023-08-019). Written informed consent 
was obtained from the patient for the publication of this re-
port including all clinical images.

A 52-year-old man presents to the outpatient urology department 
with an incidentally discovered bilateral kidney mass by ultra-
sound. On the abdominal computed tomography (CT), the mass-
es measured 1.5 cm on the right and 2.0 cm on the left. The RE-
NAL (radius, exophytic/endophytic, nearness to collecting system 
or sinus, anterior/posterior, and location relative to polar lines) 
nephrometry score was 5 for both sides the PADUA (preoperative 
aspects and dimensions used for an anatomical) score was 7 for the 
left and 8 for the right sides (Fig. 1). The patient had no previous 
history of surgery or trauma and no history of comorbidities or 
medications. Preoperatively, serum creatinine and estimated glo-
merular filtration rate (eGFR) were 0.81 mg/dL and 86.7 mL/
min/1.73 m2, respectively. All other preoperative laboratory find-
ings were within normal limits. His body mass index was 24.3 kg/
m2. Given the relatively small size of the masses, a preoperative bi-
opsy was not performed. 

Given the larger mass in the left kidney and two renal arteries on 
the CT image, a left-side procedure was attempted first. The pa-

tient was placed on the right-side lateral decubitus position on an 
inverted bed. After tilting the bed to be as horizontal as possible, a 
4 cm incision was made in the lower part of the umbilicus. Then, 
an SP Access Kit (manufactured by Intuitive Surgical) was installed 
for the floating trocar technique. An additional port for the assis-
tant manipulating the laparoscopic device was made on the mid-
line above 5 cm from the umbilicus, with a blind supporting the 
peritoneum with fingers through the previously made midline in-
cision (Fig. 2A). 

The surgical procedure involved robotic instruments, specifical-
ly monopolar curved scissors, Fenestrated bipolar forceps, Cadiere 
forceps, and needle drivers. Robotic partial nephrectomy was per-
formed using the same procedure as the usual transperitoneal ap-
proach. In brief, the double renal artery was isolated, and two sepa-
rate vessel loops were placed around them. The location and depth 
of the tumor were confirmed by intraoperative ultrasound, then 
the surface of the kidney was scored using a monopolar curved 
scissor. After clamping the arteries, indocyanine green was admin-
istrated to confirm complete ischemic status utilizing the firefly 
function. After careful resection of the tumor surrounding the 
pseudo capsule of the tumor, the baseline bleeding was secured 
with 15 cm of 3-0 observable suture, then resected renal parenchy-
ma were closed with interrupted fashion utilizing the same suture 
material embedded with a large-sized surgical clip at the distal end. 
The procedures were performed without applying the ear-
ly-declamping technique to minimize potential bleeding. The 

Fig. 1. The coronary images on preoperative computed tomography show (A) a 1.5-cm right and (B) a 2.0-cm left endophytic mass 
(arrows).
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Fig. 2. The configuration for the robotic assessment port and 
additional laparoscopic port is designed to (A) the bilateral 
access to the renal mass and (B) postoperative status 3 days 
after surgery at the time of discharge. Note that the drain for 
both sides was inserted via a single midline port for the assis-
tant.

Fig. 3. (A) Preparation for the right-side procedure after undocking the robotic instrument for the left-side procedure. (B) Note 
that all the trocars inserted into the peritoneum were maintained utilizing surgical drape material.

specimen was removed through the midline port without a laparo-
scopic sac device. The robot was undocked, and an Ioban 2 antimi-
crobial incise drape (3M Company, St. Paul, MS, USA) was ap-
plied, maintaining all the trocars inserted into the peritoneum (Fig. 
3A). The patient’s position was changed to the left decubitus, and 
the robot was re-docked to the same port (Fig. 3B). The operation 
on the right kidney was performed similarly, with the drain in-
stalled through the assist port site in the center, just like the already 
inserted left (Fig. 2A). 

Total operation time (skin to skin) was 260 minutes, including 
the console time of 164 minutes. Among the console time, the left-

side procedure was taken 109 minutes, with a warm ischemic time 
(WIT) of 27 minutes. The console and WIT were 55 minutes and 
23 minutes for the right-side procedure, respectively. The estimat-
ed blood loss was 200 mL. The patient started a diet the next day 
and was discharged from the hospital on the third day according to 
the terms of his insurance (Fig. 2B). No perioperative complica-
tion, including blood transfusion, occurred. 

Pathologic reports confirm a clear-cell type of renal cell carcino-
ma with margin negativity for both sides. Fuhrman grade was 2/4 
for both sides. The serum creatinine right after the operation, on 
the first day, the day of discharge, and 90 days after surgery were 
0.92, 0.77, 0.79, and 0.81 mg/dL, respectively. There were no ad-
verse events such as hematuria, flank pain, or readmission requir-
ing further management for 90 days after the procedure, and no 
abnormalities such as surgical site recurrence, anastomotic leakage, 
or local inflammation were observed on the abdominal CT at 3 
months (Fig. 4). 

Discussion 

In the case of simultaneously detected kidney cancer, the kidney 
cancer on one side is often too large to be preserved. Though it 
could be found in the form of synchronous metastasis on the con-
tralateral side from the large-sized tumor [2], kidney preservation 
is increasingly possible if detected early with the ubiquity of imag-
ing diagnostics [3]. Nevertheless, the optimal treatment strategies 
for patients with synchronous bilateral renal tumors have not been 
established yet. 

Given the potential risk of high-grade kidney cancer and the pa-
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Fig. 4Fig. 4

tient has already clinically progressed to synchronous metastasis, 
systemic treatment may be considered, but surgical removal is the 
most commonly attempted treatment for kidney cancer detected 
in the absence of distant metastases. Previously, the main treat-
ment options for bilateral renal tumors were unilateral nephrecto-
my combined with partial resection for the contralateral side or bi-
lateral partial nephrectomy [4-6]. Because bilateral nephrectomy 
could have a devastating impact on quality of life and loss of renal 
function could potentially shorten a patient's life expectancy, the 
renal-sparing approach has become the preferred option when fea-
sible. Non-surgical removal options such as cryoablation, radiofre-
quency ablation, or irreversible electroporation may be performed 
as alternative methods of kidney preservation but have not been 
reported to perform as well as partial nephrectomy in long-term 
follow-up. 

Regarding the timing of partial nephrectomy for bilateral masses, 
there has been controversy over whether it should be performed si-
multaneously or sequentially. In the absence of guideline state-
ments, partial nephrectomy for bilateral kidney cancer has been 
tried as a staged operation in many cases and has been accepted 
traditionally as the standard approach. Lowrance et al. [6] reported 
that the staged procedure could minimize the decline in renal func-
tion, and patients could avoid dialysis treatment. However, the 
number of reports demonstrating no significant elevated risk in the 
requirement for dialysis after the simultaneous procedure has in-
creased. In a report from the Mayo Clinic of 75 simultaneous bilat-
eral cases, including most cases by open series performed from 

1974 to 2013, eight patients suffered acute renal failure during the 
perioperative period, but none progressed to dialysis [3]. The 
eGFR values exhibited a median decrease of –19 mL/min/1.73 
m2 before and after surgery; therefore, the authors recommended 
the staged procedure for patients with preoperative impaired renal 
function. From the retrospective data accumulated over a decade 
(2009–2018), Di Maida et al. [7] compared the perioperative out-
comes from the simultaneous procedure with the staged one. 
Among 41 patients included, a simultaneous approach was chosen 
in 17 patients (42%). Patients treated with a staged strategy 
showed significantly higher median cumulative operative time 
(310 minutes vs. 240 minutes, p = 0.01), WIC (18 minutes vs. 10 
minutes, p = 0.03), and length of stay (10 days vs. 6 days, p = 0.01) 
than patients receiving simultaneous surgery. No significant differ-
ences were found according to the median change of eGFR from 
the baseline to 3 months and disease-free survival in patients treat-
ed with simultaneous versus staged surgery. 

Although retrospective, there are a growing number of reports of 
reliable simultaneous bilateral partial nephrectomy in the robotic 
era. Otoshi et al. [8] first reported their simultaneous robotic par-
tial nephrectomy series for eight patients, with the tumors’ median 
size of 1.4 cm (range, 0.9–9.0 cm). The eGFR 30 days after surgery 
decreased slightly compared to before but recovered to the preop-
erative level with no significant differences. In the most extensive 
patient report to date, Gallo et al. [9] performed simultaneous ro-
botic partial nephrectomy in 27 patients, with a median operative 
time of 250 minutes and a median WIT of 15 minutes. However, 

Fig. 4. The coronary images on postoperative computed tomography taken 3 months after surgery demonstrate no evidence of re-
currence or urine leakage (arrows).
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the complications were reported in seven patients (25.9%), mainly 
represented by Clavien-Dindo grade II events (six blood transfu-
sions), and positive surgical margins were assessed in two of them 
(3.7%). 

The unique advantage of robotic partial nephrectomy is that it 
can be performed through a single port compared to conventional 
multiport robots. In a systematic review of five comparative articles 
comparing the perioperative outcomes from the conventional 
multiport performing robot-assisted partial nephrectomy pub-
lished, a recent systemic review demonstrated similar effectiveness 
and safety, with a marginally shorter length of hospital stay and less 
blood loss by a single port-based approach [10]. Simultaneous par-
tial nephrectomy via transperitoneal midline approach could be a 
novel surgical category that maximizes the benefits of these previ-
ously proposed robotic single port surgeries and the technological 
advances of the DaVinci SP device, maintaining acceptable surgi-
cal, oncological, and functional outcomes. Further clinical studies 
will reveal the advantages of using this device for this procedure 
over traditional multiport surgery, maximizing the benefit of a sin-
gle port-based approach. 
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Introduction 

A noncontact sensor, also known as a contactless sensor, is a device 
that can detect, measure, or monitor physical properties or condi-
tions without requiring direct physical contact with the human or 
object being analyzed [1]. These sensors are designed to operate 
from a distance, often using electromagnetic, optical, or acoustic 
principles to obtain information about the target without physical-
ly touching it. This noncontact approach is often used to minimize 
contamination, reduce the wear and tear of equipment, and enable 
measurement when contact is impractical or undesirable. The rep-
resentative types of noncontact sensors are as follows: (1) Infrared 
thermometer: This measures temperature by detecting the infra-
red radiation emitted by an object, facilitating contactless tempera-

A noncontact sensor field is an innovative device that can detect, measure, or monitor physical properties or conditions without direct 
physical contact with the subject or object under examination. These sensors use a variety of methods, including electromagnetic, op-
tical, and acoustic technique, to collect information about the target without physical interaction. Noncontact sensors find wide-rang-
ing applications in various fields such as manufacturing, robotics, automobiles, security, environmental monitoring, space industry, ag-
riculture, and entertainment. In particular, they are used in the medical field, where they provide continuous monitoring of patient 
conditions and offer opportunities in rehabilitation medicine. This article introduces the potential of noncontact sensors in the field of 
rehabilitation medicine.
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ture measurement. (2) Radar sensors: Radio waves are used to de-
tect the presence, motion, or position of targets without direct con-
tact. (3) Optical sensors: Light or laser beams are used to measure 
attributes, such as distance, position, and object detection, without 
physical contact. 

These noncontact sensors are used in several fields such as man-
ufacturing, robotics, automobiles, security, environmental moni-
toring, space industry, agriculture, and entertainment [2-4]. The 
advantage of noncontact sensors, which can obtain information 
about the state or condition of a target without direct contact, is 
that they are being applied in the medical field. In addition, non-
contact sensors have the advantage of enabling continuous longitu-
dinal monitoring of a patient’s condition throughout the day [5]. 
We believe that noncontact sensors are likely to be useful in reha-
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bilitation medicine. Here, we describe some scenarios or cases in 
which noncontact sensors can be applied in the field of rehabilita-
tion medicine (Fig. 1). 

The applicability of noncontact sensors in 
the field of rehabilitation medicine 

First, patients with a stroke, traumatic brain injury, or spinal cord 
injury who undergo rehabilitation often experience unstable vital 
signs (e.g., autonomic dysfunction in patients with brain lesions 
and autonomic hyperreflexia or orthostatic hypotension in spinal 
cord injury) [6]. However, it is often difficult to detect and re-
spond promptly to unstable patient vital signs with the current 
practice of only checking vital signs by contact, when direct checks 
by healthcare providers at set intervals make it difficult to detect 
and respond promptly. By using noncontact sensors, vital signs, 
such as heart rate, blood pressure, respiratory rate, inspiratory to 

Fig. 1. Applications of noncontact sensors in the field of rehabilitation medicine. (A) Continuous vital sign monitoring. (B) Detec-
tion of patient movements such as seizures. (C) Posture analysis during exercise.

expiratory ratios, and body temperature can be continuously mon-
itored throughout the day [1]. This enables the immediate detec-
tion of unstable vital signs, enabling medical staff to respond quick-
ly. Furthermore, these continuous measurements enable a compre-
hensive assessment of a patient’s condition. 

Second, the quantification of body movements plays a vital role 
in the assessment of individuals with brain lesions. Seizures are fre-
quent manifestations in patients afflicted by conditions such as 
stroke or traumatic brain injury. However, due to the impracticality 
of sustained visual surveillance by healthcare providers, seizures 
are often underestimated. The utilization of noncontact sensors 
enables continuous monitoring of patient movements, allowing for 
the detection of even subtle movements. Therefore, healthcare 
providers can promptly identify seizures and take appropriate ac-
tion in patients with brain lesions. Moreover, physiatrists often en-
counter challenges in accurately assessing motor function in pa-
tients with apraxia following brain lesions. Noncontact sensors en-
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able continuous monitoring of patient movements in everyday set-
tings, enabling precise measurement of motor weakness. 

Third, in patients with pain due to musculoskeletal disorders, ex-
ercise is important for pain management and the prevention of re-
currence. However, exercising with poor posture not only compro-
mises the effectiveness of exercise for the patients but can also 
worsen the severity of musculoskeletal disorders, potentially lead-
ing to pain even after recovery [7]. Noncontact sensors will pro-
vide accurate measurement and analysis of patients’ motion during 
exercise. Through these measurements and analyses, physiatrists 
can measure patients’ postures during exercise more accurately and 
in more detail, and patients can correct incorrect postures during 
exercise through feedback. 

Conclusion 

Noncontact sensors can be applied in many scenarios or cases in 
the field of rehabilitation medicine. Physiatrists can explore the po-
tential of noncontact sensors, collaborate with engineering experts, 
and utilize these sensors for the rehabilitative management of pa-
tients. Thus, noncontact sensors can significantly assist in the care 
of patients in rehabilitation departments. 
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Owing to its advantages, ultrasound examination of pe-
ripheral nerve injuries is paramount [1]. Herein, we 
present two cases of median nerve entrapment after in-
ternal fixation surgery for fractures of the wrist, one of 
the carpal bones, and the other of the distal radius. 

A 51-year-old female presented with numbness/tin-
gling of the thumb and index finger of her right hand. 
Her complaints ensued after a fracture of the carpal 
bones (and subsequent internal fixation surgery) 6 years 
prior. Her medical history was unremarkable. Ultraso-
nography revealed a mild swelling of the right median 
nerve, which was located close to the fixation material 
(Fig. 1). The median nerve was further impinged during 
wrist movements. During wrist extension/flexion, com-
pression of the median nerve and the patient’s symptoms 
became more apparent (Supplementary Video 1). Ac-
cordingly, the median nerve pathology was directly at-

tributed to the internal fixation material. The results of 
previous electrodiagnostic evaluations were unremark-
able. As the patient refused secondary corrective surgery, 
she was provided wrist splints and analgesics. 

The second case involved a 54-year-old female with 
fractures of the distal radius and ulnar styloid process. 
She wore a cast for 5 weeks and then underwent inter-
nal fixation of the distal radius (Fig. 2). She later com-
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Fig. 1. Ultrasound imaging of the median nerve at 
the volar wrist. (A) Short-axis view depicts the close 
relationship between the bifid median nerve (white 
arrows) and the metal plate (arrowheads). (B) Long-axis 
view clearly shows the swollen median nerve (red vs. 
blue arrows) distal to compression (black arrow) by the 
underlying metal plate (arrowhead). Insets show the 
transducer’s position. ft, flexor tendon.

Fig. 2. Anteroposterior radiograph shows the metal 
plate in the radius and the fracture of the ulnar styloid 
(arrowhead).
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plained of pain/dysesthesia in the first three fingers of 
the right hand. Upon ultrasound examination, the me-
dian nerve and metallic plate were located close to each 
other on both short- and long-axis imaging (Supple-
mentary Fig. 1). On dynamic ultrasound examination 
(Supplementary Videos 2, 3), the median nerve ap-
peared to be very close to and intermittently irritated by 
the underlying metallic plate on the distal radius. The 
median nerve was much more compressed during wrist 
flexion/extension movements. Furthermore, the patient 
described pain/dysesthesia during the dynamic, re-
al-time ultrasound examination. Again, the metallic 
plate was thought to be the direct cause of median nerve 
irritation. The patient had not undergone electrodiag-
nostic testing before. She was prescribed physical thera-
py (whirlpool and exercise).  

Median neuropathy can be observed after wrist frac-
tures are treated with internal fixation [2]. In a cohort of 
2,908 patients, distal radius fractures treated with open 
reduction and internal fixation surgery were associated 
with postoperative carpal tunnel syndrome [3]. In most 
relevant cases, diagnosis and follow-up were performed 
using physical and electrophysiological examinations. In 
this sense, calling attention to its numerous advantag-
es—for example, patient/physician-friendly, conve-
nient, radiation-free, and allowing dynamic evalua-
tion—we highlight the paramount role of ultrasound 
examination in the prompt management of these cases. 
When ultrasound waves encounter highly reflective or 
absorbing surfaces such as bone, calcification, or metal 
plates, a hypoechoic area appears below the surface. 
This type of artifact is known as posterior acoustic shad-
owing [4]. One of the most important advantages of ul-
trasound is that it allows dynamic assessment of median 
nerve mobility [5]. Confirming the entrapment of the 
nerve(s) using different maneuvers, as well as sono-Ti-
nel, cannot be performed with other imaging modali-
ties, especially when the surgical materials are not com-
patible with imaging. 

Supplementary materials 

Supplementary Fig. 1 and Supplementary Videos 1–3 can 
be found at https://doi.org/10.12701/jyms.2023.01291. 
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A 63-year-old woman presented with swelling in the left 
supraclavicular area that had persisted for 6 months. Ini-
tially, she experienced no pain in the swollen region, but 
over time she began to notice intermittent soreness 
(without any weakness) in her left upper extremity, par-
ticularly when carrying a backpack compressing the su-
praclavicular region. 

During the examination, a bulging area in the supra-
clavicular region was observed without apparent skin 
color changes. Palpation revealed an elastic superficial 
mass with no sensory or motor deficits in the left upper 
extremity. Following ultrasound examination of her left 
suprascapular region, a well-demarcated hypoechoic 
mass measuring 7.1 × 3.5 × 3.6 cm was identified in the 
subcutaneous layer, exhibiting several hyperechoic stra-
ta. The mass was located over the brachial plexus. While 
talking, the omohyoid muscle glided under the mass 
over the suprascapular nerve (Fig. 1A). Rotation of the 
ultrasound transducer along the long axis of the brachial 
plexus revealed the anterior edge of the mass, which ap-
proximated the clavicle but did not extend to the infra-
clavicular region (Fig. 1B). Given the impression of a 
supraclavicular lipoma (with potential entrapment of 
the brachial plexus), the patient was referred for surgery. 

Ultrasound imaging is highly effective in evaluating 
superficial mass lesions, with lipomas being the most 
prevalent type [1]. They display variable echogenicity, 
ranging from hypoechoic to isoechoic and hyperechoic, 
compared to adjacent muscles. A distinct linear internal 
echoic pattern resembling stripes is frequently observed. 
Lipomas are typically well-defined, often assuming an 
elongated fusiform shape, and generally lack intralesion-
al vascularity. Although lipomas are usually not painful, 
they may become symptomatic if their size leads to a 
mass effect, causing compression of nearby neurovascu-
lar structures [2]. 

The supraclavicular region is vulnerable to compres-
sion of the brachial plexus owing to a lack of muscle 
coverage. In this region, the suprascapular nerve is sepa-
rated from the brachial plexus and courses superficially. 
It travels alongside the omohyoid muscle where the su-
prascapular nerve may be entrapped [3]. When a lipo-
ma is located in the subcutaneous tissue, there is usually 
sufficient space for expansion without direct compres-
sion of the brachial plexus. However, external factors 
such as tight clothing and carrying a heavy backpack can 
lead to a mass effect due to the lipoma initially irritating 
the suprascapular nerve and subsequently the brachial 
plexus. Furthermore, the lipoma may be partially squeezed 
into the costoclavicular space upon external compres-
sion, further increasing the risk of brachial plexus en-
trapment and causing symptoms resembling those of 
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thoracic outlet syndrome [4]. 
In summary, ultrasound is valuable for differentiating 

supraclavicular masses and identifying brachial plexus 
pathologies. When symptoms suggest the involvement 
of any neurovascular structure, elucidating the anatomi-
cal relationship between the mass, brachial plexus, and 
subclavian vessels is also helpful. 

Learning points 

•  Ultrasound is highly effective in differentiating and 
characterizing superficial masses, particularly lipomas, 
offering insights into echogenicity, shape, and internal 
features. 

•  Supraclavicular lipomas, although typically non-pain-
ful, can become symptomatic, causing neurovascular 
compression, especially in the absence of muscle cov-
erage. External factors, such as tight clothing and 
backpack use, can exacerbate symptoms. 

•  Anatomical considerations such as the vulnerability of 
the suprascapular nerve and the potential mass effect 
on the brachial plexus underscore the importance of 
ultrasound in delineating the relationship between 
masses, neurovascular structures, and subclavian ves-
sels in the supraclavicular region. 
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Fig. 1. Ultrasound imaging and schematic representation of a supraclavicular lipoma are depicted in both the (A) 
short axis and (B) long axis views of the brachial plexus. The supraclavicular lipoma (arrowheads) is a well-demar-
cated hypoechoic mass. The brachial plexus (yellow arrows), omohyoid muscle (blue arrow), and suprascapular 
nerve (red arrow) are present. SEA, serratus anterior muscle; SA, subclavian artery; SCL, subclavius muscle; CLA, 
clavicle.
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The names and locations (city, state, and country only) of man-
ufacturers should be given.

When quoting from other sources, a reference number should 
be cited after the author’s name or at the end of the quotation.
Manuscript preparation is different according to the publication 
type, including editorials, review articles, original articles, case re-
ports, image vignettes, communications, resident fellow section 
(RFS; clinical vignette, teaching images), and imagery.

Review article
All review articles will undergo peer review. An abstract is re-
quired whereas Methods section and a Results section are not re-

quired (no more than 250 words). The length of review articles is 
limited to 6,000 words with a maximum of 100 references.

Original article
Original articles should begin with the title page followed by an 
abstract; a list of key words; an Introduction, Methods, Results, 
Discussion, References (up to 40 references), and tables and/or 
illustrations.

1) Title page
The tile page should contain the following information: (1) ti-
tle (less than 150 characters, including spaces); (2) author list 
(first name, middle name, and last name); (3) name of the in-
stitutions at which the work was performed; (4) acknowledge-
ment of research support; (5) name, address, telephone, fax 
number, and e-mail address of the corresponding author; (6) 
running title (less than 50 characters, including spaces).

2) Abstract
Abstract must be organized and formatted according to the fol-
lowing headings: Background, Methods, Results, and Conclu-
sion. The abstract length is typically no more than 250 words.

3) Keywords
List 3-6 keywords from the list provided in Index Medicus un-
der “Medical Subject Heading (MeSH).”

4) Text
The text of manuscripts must have the following sections: In-
troduction, Methods, Results, and Discussion. The body of the 
manuscript should be written as concisely as possible. All pages 
of the manuscript should be numbered.

Introduction
This should provide a context or background for the study and 
states the specific purpose or research objective of or hypothe-
sis tested by the study. This may include mention of papers 
most closely related to the article, and of the problem. 

Methods
Explanation of the experimental methods should be concise 
but sufficient to allow other workers to reproduce the results. 
This provides the technical information, apparatus (the manu-
facturer’s name and brief address) and procedures. Give refer-
ences and brief descriptions for the methods that have been 
published. Describe statistical methods with enough detail to 
enable a reader with access to the original data to verify the re-
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ported results. Define statistical terms, abbreviations, and most 
symbols.
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methods used to determine sex or gender. If the study was 
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Results
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presented in tables and figures. 

Discussion
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study and the conclusions. The data should be interpreted 
concisely. Speculation is permitted, but it must be supported 
by the data presented by the authors. 

References
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es,” and double-spaced. Reference format should conform to 
that set forth in “Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals. 5th ed.” (JAMA 1997;277:927-
34). Titles of journals should be abbreviated according to the 
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Release Form available at the JYMS website (https://e-jyms.
org/authors/ethics.php) including each patient’s signature. If the 
patient is a minor, a written consent of the guardian must be sub-
mitted.

7) Legends for tables and illustrations
Typed legends that use double-spacing should start on a sepa-
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rate page with Arabic numerals corresponding to the Tables or 
Illustrations. When symbols, arrows, numbers, or letters are 
used to identify parts of the Tables or Illustrations, they should 
be individually identified and explained clearly in the legend. 

8) Abbreviations
Authors should limit the use of abbreviations to an absolute 
minimum. Abbreviations are not to be used in titles. Abstracts 
may contain abbreviations for terms mentioned many times in 
the abstract section, but each term must be identified the first 
time it is mentioned.

9) Unit of measurement
Measurements of length, height, weight, and volume should be 
reported in metric units (meter, kilogram, or liter) or their dec-
imal multiples. Temperature should be in degrees Celsius. Au-
thors must consult the information for authors for the particu-
lar journal and should report laboratory information in both 
the local and International System of Units (SI). 

 
Case report
Case reports should consist of an Abstract (no more than 250 
words), Keywords, Introduction, Case, Discussion, and Referenc-
es (no more than 20). Case reports should have fewer than nine 
authors and follow the CARE guidelines.

Image vignette
Image vignette should be organized in the following sequence: a 
summary of the presentation, imaging features and discussion. No 
abstract is required for this manuscript. There should be no more 
than five references and no more than two figures. Total length 
should be no longer than 500 words (excluding figure legends, 
ethical statements, conflicts of interest, author contributions, OR-
CID, and references).

Communications
Although communication articles are not limited in the format, 
they should contain a self-standing abstract and references. The 
abstract should be concisely written and not exceed 250 words.

Resident fellow section 
RFS is designed to provide clinical cases and images that are infor-
mative for resident or fellow trainees. We encourage article sub-
missions where the primary author(s) are prepared by trainees 
under the supervision of their attending physicians. We require a 
statement to be provided within the cover letter of any article sub-
mitted to this section that confirms the primary author(s) are resi-

dents or fellows. The following categories of articles will be in-
cluded in the RFS:

1) Clinical vignette 
Interesting clinical cases focused on developing clinical rea-
soning skills of resident or fellow trainees. Authors should fol-
low the CARE guidelines.

Cases may focus on either diagnosis or management. Vi-
gnettes should progress logically and be divided into the fol-
lowing sections:

-  Brief history and physical exam. Include pertinent history 
of present illness, medical history, and physical exam find-
ings.

-  Differential diagnosis or potential approaches to manage-
ment. Include discussion regarding reasons for selected 
differential or potential management approaches.

-  Diagnostic results including lab results/imaging (if rele-
vant).

-  Diagnosis and discussion of management and outcomes. 
Include a discussion of the relevant literature related to the 
vignette.

Clinical vignette should be maximum of 1,500 words, 1-2 
tables or 1-2 figures and maximum of 10 references.

2) Teaching images 
Previously unpublished magnetic resonance images, computed 
tomography scans, ultrasound images, X-rays, patient photo-
graphs/videos, or other pictorial/videographic material. These 
pictorials should clearly demonstrate distinct examples of ei-
ther rare, conventionally common, or uniquely pathognomic 
observations, techniques, or findings intended to further the 
education of the trainee audience. The title of the article 
should be brief and include the patient’s age and sex, accompa-
nied by a succinct 5-10 words description of the patient’s pre-
sentation. Up to two labeled images or figures should be pro-
vided with a short description and/or legend. The case de-
scription should be written in 500 words or less and directly 
address the image provided while detailing the clinical signifi-
cance of the presented findings and correlation with the pa-
tient’s symptoms. Intended for trainees, teaching images 
should progress through a patient’s history and physical exam 
while focusing on differential diagnoses, the clinical reasoning  
for selecting the particular diagnostic study, and the appropri-
ate interpretation, subsequent treatment strategies, and 
achieved outcome. Finally, 2-3 bulleted learning points should 
accompany the submission to advance trainee knowledge (will 
not count toward word limit).
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Imagery
This is a regular section of JYMS, featured at the beginning of is-
sue and devoted to the artistic and imaginative qualities of the 
readers. JYMS invites your drawings, illustrations, or photographs 
with a brief explanation. Please send electronic images via e-mail 
to: jyms@yu.ac.kr. These contributions will not be returned.

Final preparation for publication

Final version
After the paper has been accepted for publication, the author(s) 
should submit the final version of the manuscript. The names 
and affiliations of the authors should be double-checked, and if 
the originally submitted image files were of poor resolution, 
higher resolution image files should be submitted at this time. 
Color images must be created as CMYK files. The electronic 
original should be sent with appropriate labeling and arrows. 
The JPEG, TIFF, and PPT/PPTX formats are preferred for sub-
mission of digital files of photographic images. Symbols (e.g., 
circles, triangles, squares), letters (e.g., words, abbreviations), 
and numbers should be large enough to be legible on reduction 
to the journal’s column widths. All of the symbols must be de-
fined in the figure caption. If the symbols are too complex to ap-
pear in the caption, they should appear on the illustration itself, 
within the area of the graph or diagram, not to the side. If refer-
ences, tables, or figures are moved, added, or deleted during the 
revision process, they should be renumbered to reflect such 
changes so that all tables, references, and figures are cited in nu-
meric order.

Manuscript corrections
Before publication, the manuscript editor may correct the man-
uscript such that it meets the standard publication format. The 
author(s) must respond within 2 days when the manuscript edi-
tor contacts the author for revisions. If the response is delayed, 
the manuscript’s publication may be postponed to the next is-
sue.

Galley proof
The author(s) will receive the final version of the manuscript as 
a PDF file. Upon receipt, within 2 days, the editorial office (or 
printing office) must be notified of any errors found in the file. 
Any errors found after this time are the responsibility of the au-
thor(s) and will have to be corrected as an erratum.

Article processing charge

No page charge or article processing charge applies. There is 
also no submission fee.

Enactment December 30, 1984 First revision April 20, 2011
Second revision May 22, 2012
Third revision July 17, 2013
Fourth revision April 22, 2014
Fifth revised December 23, 2014
Sixth revised April 30, 2018
Seventh revised July 7, 2021
Eighth revised December 10, 2021
Recently revised May 24, 2022

vii

mailto:http://jyms@yu.ac.kr


Research ethics

The journal adheres to the ethical guidelines for research and pub-
lication described in Guidelines on Good Publication (https://
publicationethics.org/resources/guidelines) and the International 
Committee of Medical Journal Editors (ICMJE) Guidelines 
(https://www.icmje.org).

Authorship

Authorship credit should be based on (1) substantial contribu-
tions to the conception and design, acquisition of data, and/or 
analysis and interpretation of data; (2) drafting the article or revis-
ing it critically for important intellectual content; (3) final approval 
of the version to be published; and (4) agreement to be account-
able for all aspects of the work to ensure that questions related to 
the accuracy or integrity of any part of the work are appropriately 
investigated and resolved. Every author should meet all of these 
four conditions. After the initial submission of a manuscript, any 
changes whatsoever in authorship (adding author(s), deleting au-
thor(s), or re-arranging the order of authors) must be explained by 
a letter to the editor from the authors concerned. This letter must 
be signed by all authors of the paper. A copyright assignment must 
also be completed by every author.

•  Corresponding author and first author: The Journal of Yeungnam 
Medical Science (JYMS) does not allow multiple corresponding 
authors for one article. Only one author should correspond with 
the editorial office and readers for one article. JYMS accepts no-
tice of equal contribution for the first author when the study is 
clearly performed by co-first authors.

•  Correction of authorship after publication: JYMS does not cor-
rect authorship after publication unless the editorial staff has 
erred. Authorship may be changed before publication but after 
submission when an authorship correction is requested by all of 
the authors involved with the manuscript.

Originality, plagiarism, and duplicate publication

Submitted manuscripts must not have been previously published 
or be under consideration for publication elsewhere. No part of the 
accepted manuscript should be duplicated in any other scientific 

journal without permission from the Editorial Board. Submitted 
manuscripts are screened for possible plagiarism or duplicate pub-
lication by Similarity Check using the ‘Turnitin’ program (iPara-
digms, LLC, Oakland, CA, USA). If plagiarism or duplicate publi-
cation is detected, the manuscript may be rejected, the authors will 
be announced in the journal, and their institutions will be in-
formed. There will also be penalties for the authors.
A letter of permission is required for any and all materials that have 
been published previously. It is the responsibility of the author to 
request permission from the publisher for any material that is being 
reproduced. This requirement applies to the text, figures, and ta-
bles.

Secondary publication

Manuscripts can be republished if they satisfy the conditions of 
secondary publication in the ICMJE Recommendations (https://
www.icmje.org/urm_main.html).

Conflicts of interest

The corresponding author must inform the editor of any potential 
conflicts of interest that could influence the authors’ interpreta-
tion of the data. Examples of potential conflicts of interest are fi-
nancial support from or connections to companies, political pres-
sure from interest groups, and academically related issues. In par-
ticular, all sources of funding applicable to the study should be ex-
plicitly stated.

Statement of human and animal rights

Clinical research should be done in accordance of the Ethical 
Principles for Medical Research Involving Human Subjects,  
outlined in the Declaration of Helsinki of 1975 (revised 2013) 
(https://www.wma.net/policies-post/wma-declaration-of-hel-
sinki-ethical-principles-for-medical-research-involving-hu-
man-subjects/). Clinical studies that do not meet the Declaration 
of Helsinki will not be considered for publication. Human sub-
jects should not be identifiable, such that patients’ names, initials, 
hospital numbers, dates of birth, or other protected healthcare in-
formation should not be disclosed. For animal subjects, research 
should be performed based on the National or Institutional Guide 

Enactment May 22, 2012
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for the Care and Use of Laboratory Animals, and the ethical treat-
ment of all experimental animals should be maintained.

Statement of informed consent and Institutional 
Review Board approval

Copies of written informed consent documents should be kept for 
studies on human subjects, which includes identifiable information 
or sensitive information. For clinical studies of human subjects, a 
certificate, agreement, or approval by the Institutional Review 
Board (IRB) of the author’s institution is required. If necessary, the 
editor or reviewers may request copies of these documents to re-
solve questions about IRB approval and study conduct.

Registration of the clinical trial research

Any research that deals with a clinical trial should be registered 
with the primary national clinical trial registry site such as the Ko-
rea Clinical Research Information Service (CRiS, http://cris.nih.
go.kr), other primary national registry sites accredited by the 
World Health Organization (https://www.who.int/clinical-tri-
als-registry-platform/network/primary-registries) or ClinicalTri-
als.gov (http://clinicaltrials.gov/), a service of the United States 
National Institutes of Health.

Process for managing research and publication 
misconduct

When the journal faces suspected cases of research and publica-
tion misconduct, such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, an 
undisclosed conflict of interest, ethical problems with a submitted 
manuscript, a reviewer who has appropriated an author’s idea or 
data, complaints against editors, and so on, the resolution process 
will follow the flowchart provided by the Committee on Publica-
tion Ethics (COPE, https://publicationethics.org/resources/
flowcharts). The discussion and decision on the suspected cases 
are carried out by the Editorial Board.

Process for handling cases requiring corrections, 
retractions, and editorial expressions of concern

Cases that require editorial expressions of concern or retraction 
shall follow the COPE flowcharts (https://publicationethics.org/
guidance/Flowcharts). If correction needs, it will follow the ICM-
JE Recommendation for Corrections, Retractions, Republica-
tions, and Version Control (https://www.icmje.org/recommen-
dations/browse/publishing-and-editorial-issues/corrections- 
and-version-control.html) as follows:

Honest errors are a part of science and publishing and require 
the publication of a correction when they are detected. Correc-
tions are needed for errors of fact. The minimum standards are as 
follows: (1) it shall publish a correction notice as soon as possible 
detailing changes from and citing the original publication on both 
an electronic and numbered print page that is included in an elec-
tronic or a printed Table of Contents to ensure proper indexing; 
(2) it shall post a new article version with details of the changes 
from the original version and the date(s) on which the changes 
were made through CrossMark; (3) it shall archive all prior ver-
sions of the article. This archive can be directly accessible to read-
ers; (4) previous electronic versions shall prominently note that 
there are more recent versions of the article via CrossMark.

Editorial responsibilities

The Editorial Board will continuously work to monitor and safe-
guard publication ethics: guidelines for retracting articles; mainte-
nance of the integrity of the academic record; preclusion of busi-
ness needs from compromising intellectual and ethical standards; 
publishing corrections, clarifications, retractions, and apologies 
when needed; and excluding plagiarism and fraudulent data. The 
editors maintain the following responsibilities: responsibility and 
authority to reject and accept articles; avoiding any conflict of in-
terest with respect to articles they reject or accept; promoting the 
publication of corrections or retractions when errors are found; 
and preservation of the anonymity of reviewers.
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All authors pledges that we follow the basic standards of research and publication ethics in the submission process to Journal of Yeun-
gnam Medical Science
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I am informed and aware of photographs, videotapes and other images (imaging records) taken by Dr.                                           or 
his designee(s) of myself or any parts of my body regarding surgical procedures carried out by Dr.                                            . I under-
stand and consent that such imaging records may and will be used by Dr.                                            as reference in diagnosing and treat-
ing other patients in the future. I further consent to the release and transfer of copyright ownership by Dr. to Journal of Yeungnam 
Medical Science of such imaging records.

I understand that by consenting on release of my imaging records, these may and will be used in upcoming issue or issues of the 
journal, as well as on the journal website, or any other print or electronic media for the purpose of informing medical professionals 
or other readers about surgical methods. I understand that when these imaging records are included in any articles, medical infor-
mation regarding sex, age, operative date and treatment results may and will be included together. But I, nor any member of my 
family, will be identied by name in any publication, and any information that may aid in identifying me or my family will not be ex-
posed. (In case of facial photographs, the photo is cropped to only necessary parts in order to make individual identication impos-
sible.) I understand that whether I consent on this form or not, it bears no consequences whatsoever on any future actions, and 
that there will be no eect on the medical treatment I receive from Dr.                                           or any subordinates.

I grant this consent as a voluntary contribution in the interest of public education, and certify that I have read the above Con-
sent, Authorization and Release form and fully understand its terms. I understand that, if I do not revoke this authorization, it will 
expire 10 years from the date written below.
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I hereby transfer in above-mentioned terms, the copyright of my imaging records to

Dr.                                                                                         .
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Patient photographic and videographic consent,
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