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Introduction 

The prevalence of degenerative diseases, such as osteoporosis, 
muscle degeneration, and degenerative spine disease, is high in the 
elderly. In addition, the aging population is rapidly increasing, and 
the incidence of osteoporosis and degenerative diseases is increas-
ing along with it. Osteoporosis is characterized by bone microar-
chitecture destruction and bone quality degradation [1], leading 

Objective: Few studies have investigated the relationship between spinal muscle fatty degeneration and vertebral compression frac-
ture (VCF) progression. This study investigated the associations among spinal muscle fatty degeneration, functional support of the 
spinal muscles, and VCF progression. 
Methods: We retrospectively evaluated 49 consecutive elderly patients over 65 years of age who had VCFs between 2013 and 2020. 
Change in height loss was defined as the difference in height loss in vertebral collapse between the initial and >6-month follow-up 
visits. Fatty infiltration of the paraspinal and psoas muscles was measured using T2-weighted magnetic resonance imaging at L3 
and L4. 
Results: The VCF height loss change was 6.53±4.90 mm. The cross-sectional area of the paraspinal muscle was 2,418.00±496.00 
mm2. The fatty infiltration rate of the paraspinal muscle was 4.46%±1.70%. Mild VCF height loss (a change o≤9 mm) was found 
in 36 patients (group 0), while severe height loss (a change >9 mm) was observed in 13 patients (group 1). The paraspinal-to-psoas 
muscle ratio was 2.51 in group 0 and 3.33 in group 1 (P=0.002). The paraspinal muscle mass (P=0.02), bone mineral density 
(P=0.05), and paraspinal-to-psoas muscle mass ratio (P=0.01) affected VCF progression. The odds ratio of the paraspinal-to-psoas 
muscle ratio was 4.39. 
Conclusion: The paraspinal-to-psoas muscle ratio strongly influences VCF progression. In patients with VCF, progression can be pre-
dicted using the paraspinal-to-psoas muscle ratio before ambulation. 
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to decreased bone strength due to decreased bone mineral density 
(BMD) or poor bone quality. Osteoporotic fractures can occur 
easily with minor trauma or even without any noticeable trauma in 
these patients [2]. However, elderly patients with degenerative dis-
eases may develop vertebral compression fracture (VCF), with or 
without osteoporosis. VCF affects quality of life, daily activities, 
and mortality in elderly patients [3]. In South Korea, the 5-year in-
cidence of osteoporotic VCF per 100,000 persons is 852.24 cases, 
and 45% of osteoporotic VCF cases occur in patients over 70 years 
of age. Moreover, vertebral body cement augmentation or any sur-
gical approach rate and total cost related to VCF are increasing [4].  

Patients with VCF are treated with conservative care with bed 
rest and bracing. Conservative care generally has a good outcome. 
However, some VCF patients have severe vertebral body height 
loss and fractured bony fragment compression of the spinal cord 
or thecal sac. VCF progression can result in neurological deficits 
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and spinal deformity, in which patients experience reduced daily 
activities, prolonged severe back pain, and reduced quality of life. 
In this case, surgical treatment is subsequently required. 

Therefore, it is important to predict and prevent the progression 
of VCF. Previous studies have focused on VCF progression and 
have analyzed vertebral body fracture shape, presence of an intra-
vertebral cleft, posterior wall damage, middle column damage, and 
VCF progression [5,6]. However, few studies have investigated the 
association between spinal muscle fatty degeneration and VCF 
progression, which were published only recently [7,8]. Therefore, 
our study is an additional study on the association between spinal 
muscles fatty degeneration, functional support of the spinal mus-
cles, and VCF progression. 

Material and Method 

The study protocol was approved by the Institutional Review 
Board of Inje University Haeundae Paik Hospital (IRB no. 2022-
05-024). The requirement for informed consent was waived ow-
ing to the retrospective nature of this study. We retrospectively 
evaluated 186 consecutive elderly patients over 65 years of age 
who had VCFs between 2013 and 2020. Patients who was exam-
ined lumbar magnetic resonance imaging (MRI) and follow-up 
X-ray were selected. VCF levels were limited to thoracolumbar 
and lumbar lesions. Patients with BMD and osteoporosis were 
also included. The exclusion criteria were as follows: (1) no MRI 
performed, (2) no follow-up X-ray image ( > 6 months) and (3) 
image could not be evaluated. In total, 49 patients were enrolled 
in this study. 

Radiological parameters 
All patients underwent plain X-ray and MRI. Sagittal plain X-ray 
was obtained for the initial VCF, first follow-up X-ray image one 
weeks later and at 1, 3, and > 6 months. MRI was performed 
during hospitalization after VCF onset. VCF height loss was mea-
sured as the point of maximal collapse of the affected vertebral 
body; vertebral collapse (%) was measured using the formula 
{(upper vertebral height+lower vertebral height)/2–(affected ver-
tebral height)/(upper vertebral height+lower vertebral height)/2} 
× 100 (Fig. 1) [9]. Change in height loss was defined as difference 
in height loss in vertebral collapse between the initial and 
> 6-month follow-up. Fatty infiltration of the paraspinal and psoas 
muscles was measured using T2-weighted MRI at L3 and L4. We 
used the open-source software ImageJ (ver. 1.53 k, Wayne Ras-
band, National Institutes of Health, Bethesda, MD, USA). Fatty in-
filtration of the multifidus, erect spinae, and psoas muscle were de-
termined by measuring the cross-sectional area (CSA) of the mus-

cles in T2-weighted MRI using the threshold grayscale in ImageJ 
(Fig. 2) [7,8]. The paraspinal muscle mass, excluding fat, was cal-
culated by multiplying the ratio of fat by the simple area of the 
paraspinal muscle. The actual paraspinal muscle mass was mea-
sured using the following formula {CSA of the paraspinal muscle−
[paraspinal muscle fat ratio (%) × CSA of the paraspinal muscle 
(mm2)]}. We evaluated all methods used previously was applied to 
measure the psoas muscle mass. The paraspinal muscle to psoas 
muscle mass ratio was measured using the formula (CSA of the 
paraspinal muscle/CSA of the psoas muscle).  

Statistical analysis  
All statistical analyzes were performed using R ver. 4.1.2. A 
2-sample t-test was performed for continuous variables that satis-
fied covariance. Welch’s 2-sample t-test was performed for con-
tinuous variables that did not satisfy covariance. Logistic regres-
sion analysis was performed for categorical and continuous vari-
ables. Stepwise logistic regression analysis was performed using 
backward elimination. Odds ratios (ORs) between the related 
factors were calculated. Statistical significance was set at a P-val-
ue of < 0.05.  

Fig. 1. Vertebral compression fracture height loss was measured 
as the point of maximal collapse of the affected vertebral body. 
Vertebral collapse (%) was measured using the formula {(upper 
vertebral height+lower vertebral height)/2-(affected vertebral 
height)/(upper vertebral height+lower vertebral height)/2}×100. a, 
Upper vertebral height; b, lower vertebral height; c, affected ver-
tebral height.
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Results 

Patient characteristics and radiological parameters 
The average age of the 49 patients was 79.12 ± 8.59 years, and 
there were 30 female and 19 male patients. BMD was −2.02 ± 1.87 
Body mass index (BMI) was 23.65 ± 2.00 kg/m2. The follow-up 
VCF height loss change was 6.53 ± 4.90 mm. The CSA of the 
paraspinal muscle was 2,418.00 ± 496.00 mm2. Fatty infiltration 
rate of the paraspinal muscle was 4.46% ± 1.70%. The CSA of the 
psoas muscle was 962.00 ± 351.00 mm2. Fatty infiltration rate of 
the psoas muscle was 1.00% ± 0.50%. The revised paraspinal mus-
cle is a value obtained by subtracting the fatty infiltration area 
from the CSA of the paraspinal muscle area. The revised paraspi-
nal muscle was 2,310.00 ± 481.00 mm2. The paraspinal-to-psoas 
muscle mass ratio was 2.73 ± 0.82. Sixteen patients required surgi-
cal procedures, including posterolateral fusion in 3 cases, corpec-
tomy with posterior pedicle screw insertion in 2 cases, and verte-
broplasty in 11 cases. The mean number of cases that received os-
teoporosis medications was 20 (Table 1). 

Relationship between VCF height loss progression and fatty 
infiltration of the paraspinal and psoas muscle 
The mild VCF height loss group (n = 36, group 0) included cases 
of VCF height loss change of ≤ 9 mm, and the severe height loss 
group (n = 13, group 1) included cases of VCF height loss change 
of > 9 mm. The groups were divided using the mean and standard 
deviation of height loss in all cases. The paraspinal-to-psoas muscle 
ratio was 2.51 in group 0 and 3.33 in group 1 (P = 0.002). The 
CSA of fatty infiltration of the paraspinal muscle was 102.17 mm2 
for group 0 and 121.96 mm2 for group 1 (P = 0.28). The paraspinal 
muscle mass was 2,383.63 mm2 in group 0 and 2,512.07 mm2 in 
group 1 (P = 0.43). The revised paraspinal muscle [CSA paraspinal 
muscle (mm2) × Paraspinal muscle fat infiltration(%)−CSA Psoas 
muscle (mm2) × Psoas muscle fat infiltration (%)] was 2,281.46 
mm2 in group 0 and 2,390.11 mm2 in group 1 (P = 0.49). The re-
vised psoas muscle was 1,004.8 mm2 in group 0 and 844.80 mm2 
in group 1 (P = 0.16) (Table 2). 

Logistic regression was performed to verify the relationship be-
tween the number of radiological factors and VCF height loss 

Fig. 2. Fatty infiltration of the multifidus, erect spinae, and psoas muscle were determined by measuring the cross-sectional area of the 
muscles in T2-weighted magnetic resonance images using the threshold grayscale in ImageJ.

https://doi.org/10.51638/jksgn.2022.00045 3
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Table 1. Patients’ characteristics and radiological parameters

Characteristic Value
Age (yr) 79.12±8.59
Sex (female/male) 30/19
Bone mineral density −2.02±1.87
Body mass index (kg/m2) 23.65±2.00
VCF height loss change (mm) 6.53±4.90
CSA of the paraspinal muscle (mm2) 2,418.00±496.00
Paraspinal muscle fat infiltration (%) 4.46±1.70
CSA of the psoas muscle (mm2) 962.00±351.00
Psoas muscle fat infiltration (%) 1.00±0.50
Revised paraspinal muscle  (mm2) 2,310.00±481.00
Paraspinal-to-psoas muscle ratio 2.73±0.82
Operation cases 16
 Posterior lateral fusion 5
 Mesh 2
 Vertebroplasty 11
Fracture site
 Multiple 18
  T12 1
  L1 11
  L2 10
  L3 4
  L4 5
Osteoporosis medication 20

Values are presented as mean±standard deviation or number only.
VCF, vertebral compression fracture; CSA, cross-sectional area.

Table 2. Relationship between vertebral compression fracture height loss change and fatty infiltration of the paraspinal and psoas 
muscles

Mild height loss Severe height loss
P-value

Group 0 (n=36) Group 1 (n=13)
Paraspinal-to-psoas muscle ratio* 2.51 3.33 0.002
Paraspinal muscle fat infiltration (mm2) 102.17 121.96 0.28
Paraspinal muscle (mm2) 2,383.63 2,512.07 0.43
Revised paraspinal muscle (mm2) 2,281.46 2,390.11 0.49
Psoas muscle (mm2) 1,004.80 844.80 0.16

* P<0.05.

changes. The paraspinal-to-psoas muscle ratio showed an OR, 
13.42; 95% confidence interval (CI), 0.75−882.90; P = 0.10, fatty 
infiltration of the paraspinal muscle had an OR, 0.17; 95% CI, 
0−4.8; P = 0.30, and BMD showed a negative relationship with an 
OR, 0.50; 95% CI, 0.18−1.10; P = 0.10). Stepwise logistic regres-
sion analysis was performed using backward elimination. The 
paraspinal muscle mass (P = 0.02), BMD (P = 0.05), and paraspi-
nal-to-psoas muscle mass ratio (P = 0.01) remained unchanged. 
The OR of the paraspinal-to-psoas muscle ratio was OR, 4.39; 
95% CI, 1.32−14.56 (P = 0.01). However, the paraspinal muscle 
OR was 1, which did not significantly affect the results. (Table 3, 
Fig. 3) 

Discussion 

Muscle degeneration is associated with an increased risk of bone 
fracture and difficulty in performing daily living activities. Sarcope-
nia is the loss of muscle mass associated with aging and advanced 
disease. It has previously been shown to predict complications and 
mortality in patients undergoing emergency surgery, surgical on-
cology, and organ transplantation [10–12].  

VCF has a high prevalence in older patients, and VCF height 

Table 3. Logistic regression between parameters and vertebral compression fracture progression

OR 95% CI P-value
Multivariate
 Paraspinal fat infiltration 0.17 0−4.8 0.30
 Paraspinal muscle 1.08 0.95−1.30 0.10
 Bone mineral density 0.50 0.18−1.10 0.10
 Bone mass index 1.11 0.83−1.50 0.50
 Paraspinal-to-psoas muscle ratio 13.42 0.75−882.90 0.10
 Revised paraspinal muscle 0.92 0.76−1.10 0.10
 Psoas muscle 1.00 0.99−1.00 0.10
Stepwise logistic regression
 Paraspinal muscle 1.00 1.00−1.00 0.02
 Bone mineral density 0.46 0.21−1.02 0.05
 Paraspinal-to-psoas muscle ratio 4.39 1.32−14.56 0.01

OR, odds ratio; CI, confidence interval.

https://doi.org/10.51638/jksgn.2022.000454
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loss change greatly reduces their quality of life. The paraspinal 
and psoas muscles are expected to influence VCF progression. 
Bayram et al. [13] previously reported that psoas muscle degen-
eration was associated with mortality in VCF patients using the 
psoas muscle:lumbar vertebral index. Although no statistical sig-
nificance was observed in this study, group 1 (severe VCF height 
loss) showed lower psoas muscle mass. In addition, Bokshan et 
al. [14] reported that L4 total psoas muscle sarcopenia increased 
postoperative morbidity in patients who underwent spine sur-
gery. 

Paraspinal muscles have a major impact on the maintenance of 
spinal alignment. Thus, paraspinal muscle atrophy, fatty infiltra-
tion, and degeneration affect the spinal sagittal balance and global 
alignment [15,16]. The relationship between paraspinal muscle 
and lumbar pathology has been reported in previous studies. Jun et 
al. [15] reported that fatty infiltration of the paraspinal muscles 
was significantly negatively correlated with the thoracolumbar 
curve. Habibi et al. [17] reported that fatty infiltration of the 
paraspinal muscle in the thoracolumbar region is correlated with 
the occurrence of new osteoporotic VCF. Katsu et al. [18] report-
ed that the erect spinal muscle has a marked influence on fracture 
union of the VCF. However, Osterhoff et al. [7] reported that the 
multifidus area and fatty infiltration had no significant effect on the 
occurrence of adjacent vertebral fractures within 1 year of the in-
dex fracture. In addition, the paraspinal muscle does not affect ver-
tebral collapse but the revised paraspinal muscle does. The paraspi-
nal muscle affects functional movement and stability of the verte-
bral column [19,20]. In this study, the paraspinal muscle mass was 
greater in group 1, but fatty infiltration showed a higher average in 
group 1, regardless of muscle mass. However, the difference was 
not statistically significant. Moreover, it was difficult to determine 

Fig. 3. The odds ratio (OR) of the paraspinal-to-psoas muscle ratio was 4.39. However, the OR for the paraspinal muscle was 1, showing 
a non-significant effect. CI, confidence interval; BMD, bone mineral density.

the relationship with paraspinal muscle VCF progression, even 
when logistic regression was performed. 

Therefore, in this study, unlike previous studies that inde-
pendently studied the psoas and paraspinal muscles, we investi-
gated how the relationship between the degeneration of the 2 
muscles affects VCF progression. As a result, the paraspi-
nal-to-psoas muscle ratio was higher in group 1. This suggests that 
degeneration in the psoas muscle is more associated with VCF 
progression than that in the paraspinal muscle. In addition, when 
logistic regression analysis with various factors was performed, 
the paraspinal-to-psoas muscle ratio (P = 0.05) showed the great-
est correlation with the OR of 4.39. Many studies have inde-
pendently investigated the paraspinal and psoas muscles, but ours 
is the first to report on the relationship between the 2 muscles, 
and as such, there has not been a study on the cause of VCF pro-
gression in a group with a large paraspinal-to-psoas muscle ratio. 
With respect to muscle function, the psoas muscle affects the bi-
pedal walking function [21]. In group 1, with a large paraspi-
nal-to-psoas muscle ratio, bipedal walking function further de-
creases and muscle fatigue occurs because of the small size of the 
functional muscle mass when standing or walking. So group 1 pa-
tient should be need a more absolute bed resting and early bed 
side rehabilitation for psoas muscle and paraspinal muscle. During 
in hospitalization, if group 1 patient low back pain will not im-
prove, it may be a sign that there is no bone union in the vertebral 
body [8]. 

This study had several limitations. First, the sample size was 
small. Further research based on additional cases in follow-up 
studies is required. Second, muscle mass and fatty infiltration were 
assessed using images at specific time points. MRI obtained at reg-
ular intervals would have resulted in better results. Third, there 

Plot for ORs; type=2, show; CI=true

Paraspinal-psoas muscle ratio

Paraspinal muscle

OR (95% CI)

ORs

4.39 (1.32−14.56)

1 (1−1)

0.46 (0.21−1.02)

BMD
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may have been errors during measurement. Because millimeter is a 
very small and sensitive unit, there may have been errors during 
measurement. 

Conclusion 

In this study, the associations between BMI, BMD, paraspinal 
muscle, psoas muscle, muscle fatty infiltration, paraspinal-to-psoas 
muscle ratio, and VCF progression were analyzed. Among the var-
ious factors, the paraspinal–psoas muscle ratio strongly influences 
VCF progression. In patients with VCF, VCF progression can be 
predicted using the paraspinal-to-psoas muscle ratio before ambu-
lation.  
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Objective: The purpose of this nationwide longitudinal follow-up study was to investigate the risk of congestive heart failure (CHF) 
in pyogenic spondylitis (PS) patients in Korea. 
Methods: A total of 628 patients were enrolled in the PS group from January 1, 2004 to December 31, 2015 from the National 
Health Insurance Service Health Screening cohort. PS was identified using the International Classification of Disease, 10th revision 
codes M46.2–M46.8 and M49.2–M49.3. The control group consisted of 3,140 subjects with 1:5 age- and sex-stratified matching. 
The 12-year CHF incidence rates in the PS and control groups were compared by the Kaplan-Meier method. The hazard ratio of CHF 
was estimated by Cox proportional-hazards regression analysis. 
Results: During the 12-year follow-up period, 16 patients (2.55%) in the PS group and 43 (1.47%) in the control group developed 
CHF. The hazard ratio of CHF in the PS group was 6.32 (95% confidence interval [CI], 3.39–11.81) after adjusting for sex and age. The 
hazard ratio of CHF in the PS group was 6.49 (95% CI, 3.47–12.15) after adjusting for sex, age, and income. The hazard ratio of CHF 
in the PS group was 6.58 (95% CI, 3.50–12.40) after adjusting for sex, age, income, and comorbid medical disorders. In subgroup 
analyses, all subgroups showed higher CHF incidence rates in the PS group than in the control group. 
Conclusion: Our nationwide longitudinal study shows a higher incidence rate of CHF in PS patients. 

Keywords: Spondylitis; Heart failure; Cardiovascular diseases; Populatio
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Introduction 

Pyogenic spondylitis (PS) is an infection of the spine associated 

with severe morbidity and mortality [1]. It is an uncommon but 
life threatening disease which encompasses a broad range of clini-
cal entities, including pyogenic spondylodiscitis, septic discitis, 
vertebral osteomyelitis, and epidural abscess [2]. PS patients have 
a higher risk of death due to cardiovascular diseases such as isch-
emic heart diseases and stroke [3]. Thus far, there has been no na-
tionwide or large data-based study of the relationship between 
congestive heart failure (CHF) and PS. Our nationwide longitudi-
nal follow-up study is not only the largest data thus far but also in-
cludes possible confounding factors, such as hypertension, diabe-
tes, and dyslipidemia. The aim of the present study is to assess the 
risk of CHF in PS patients in Korea. 

Copyright © 2022 by The Korean Society of Geriatric Neurosurgery
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Material and Method 

Data source 
The National Health Insurance Service (NHIS) database, which 
covers 97% of the population in South Korea, was used for this 
study. All healthcare providers must submit medical claims to the 
NHIS for review and reimbursement. The NHIS provides annual 
or biannual health examinations for non-office or office workers 
aged > 40 years, respectively. The collected patient data (e.g., de-
mographic profiles, health insurance claims data, death certificates, 
disability certificates, and national health check-up results) are 
stored in the National Health Information Database (NHID). 
Representative data from the NHIS’s longitudinal cohort are pub-
licly available for research purposes. The Sample Research Cohort 
Database [4,5] and the NHIS-HEALS [6] cohort database con-
tain patient data collected dating back to 2002, statistically sampled 
from the NHID. The data in this study were obtained from the 
NHIS-HEALS cohort from 2004 to 2015. 

The present study was approved by the institutional review 
board (IRB) of the CHA University, CHA Bundang Medical Cen-
ter (IRB No. 2020-01-011). The need for informed consent was 
waived because the data consist of de-identified secondary data re-
leased for research purposes. 

Study design 
The PS group consisted of subjects who were newly diagnosed 
with PS (International Classification of Disease, 10th revision 
[ICD-10] Code M46.2–M46.8 and M49.2–M49.3) after Janu-
ary 1, 2004 and who also had a history of hospitalization. The 
CHF patients were defined by ICD-10 codes (I50) and hospital-
ization ≥ 1 [7–9]. Subjects in this study were followed from the 
first occurrence of CHF until death or end of follow-up (which-
ever occurred first). We evaluated the risk of CHF after adjusting 
for age, sex, and comorbidities (including hypertension, diabetes 
mellitus, and dyslipidemia). Information about preexisting co-
morbidities was obtained by retrieving all ambulatory medical 
care and inpatient records from the NHIS-HEALS cohort data-
base. 

Establishment of study cohort 
We extracted 10,890 PS subjects from a total of 515,547 patients in 
the NHIS-HEALS cohort. After removing 10,237 subjects with-
out a history of hospitalization, 653 patients in total remained. An-
other 177 subjects who were diagnosed with PS before January 1, 
2004 were excluded. Ultimately, 628 subjects were included in our 
base cohort. Through a 1:5 age- and sex-stratified matching per-
formed by a greedy digit match algorithm [10], 3,140 subjects 

were included in the control group. Subjects in both groups were 
followed up to December 31, 2015 (Fig. 1).  

Statistical analysis  
The Kaplan-Meier method was used to estimate the CHF-free 
survival probabilities in the PS and control groups. The mean dif-
ferences in the demographic characteristics and comorbidities be-
tween the two groups were compared using the chi-square test and 
Student t-test. The Wilcoxon’s log rank test was used to evaluate 
the differences in disease-free survival of the two groups. Multivar-
iate analyses in the Cox proportional hazard regression model were 
conducted to estimate the effect of PS on CHF. Three Cox pro-
portional hazard regression models were used in this study. Model 
1 estimated the CHF incidence after adjusting for sex and age. In 
Model 2, age, sex, and income (low income was defined as the 
composite of the lowest quartile of yearly income in addition to 
medicare beneficiaries [11,12]) were adjusted. In Model 3, age, 
sex, income, and other comorbidities were adjusted. The analyses 
were performed using R software (ver. 3.3.3). 

Results 

Characteristics of the PS and control groups 
The PS group consisted of 628 patients during the study period. 
Males constituted 51.4% of this group, and females 48.6%. The 
mean age of the patients was 59.09 ± 9.35 years old. There were 
significant differences between the two groups in the prevalence of 
diabetes mellitus (P < 0.01) (Table 1). 

CHF in the PS and control groups 
The CHF incidence rate in the PS group was significantly higher 

Korean NHIS database (n=515,547)

Pyogenic spondylitis with ICD-10 
code M46.2–M46.8 and  

M49.2–M49.3 (n=10,890)

Pyogenic spondylitis with 
hospitalization ≥1 (n=653)

Newly diagnosed pyogenic 
spondylitis after 2004.01.01 (n=628)

Control group enrolled after 
2004.01.01 (n=3,140)

10,237 Subjects without hospitalization 
during 1 year excluded

177 Subjects diagnosed before 
2004.01.01 excluded

1:5 age- and sex- startified matching

Fig. 1. Flow of cohort establishment. This study was a 12-year 
longitudinal cohort study established with the NHIS-HEALS co-
hort. NHIS, National Health Insurance Service.
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than that in the control group (P = 0.05, Fig. 2). The Kaplan-Meier 
curves with cumulative hazards of CHF showed that the PS group 
was more likely to develop CHF than the control group. In a multi-
variate analysis of Cox proportional-hazards regression model 1, 
the hazard ratio of CHF in the PS group was 6.32 compared to the 
control group (95% confidence interval [CI], 3.39–11.81; Table 
2). In a multivariate analysis of model 2, the hazard ratio of CHF in 
the PS group was 6.49 (95% CI, 3.47–12.15; Table 2). In a multi-
variate analysis of model 3, the hazard ratio of CHF in the PS 
group was 6.58 (95% CI, 3.50–12.40; Table 2). 

Table 1. Characteristics of the PS and control group

Characteristic PS (n=628) Control (n=3,140) P-value
Male 323 (51.4) 1,615 (51.4) 1
Age (yr) 59.09±9.35 59.09±9.35 1
Age ≥65 yr 199 (31.7) 995 (31.7) 1
Low income 161 (25.6) 840 (26.8) 0.6
Diabetes 83 (13.2) 289 (9.2) <0.01a)

Hypertension 268 (42.7) 1,241 (39.5) 0.15
Dyslipidemia 99 (15.8) 486 (15.5) 0.9
Myocardial infarction 10 (1.6) 53 (1.7) 1

Values are presented as number (%) or mean±standard deviation.
PS, pyogenic spondylitis.
a)Statistical significance.
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Fig. 2. Kaplan-Meier curves with cumulative hazards of conges-
tive heart failure in the pyogenic spondylitis and control groups.

Table 2. Adjusted hazard ratios for incident CHF in the PS and control groups

Disease Group n Event Duration (day) Duration (yr) Incidence rate (%)
Hazard ratio (95% CI)

Model 1 Model 2 Model 3
CHF Control 3,140 43 12,967,674 35,527.874 1.210 1 1 1

PS 628 16 930,873 2,550.337 6.274 6.32 (3.39–11.81) 6.49 (3.47–12.15) 6.58 (3.50–12.40)

CHF, congestive heart failure; PS, pyogenic spondylitis; CI, confidence interval; Model 1, adjusted for age and sex; Model 2, adjusted for age, sex, and 
income; Model 3, adjusted for age, sex, income, diabetes, hypertension, and dyslipidemia.

Subgroup analysis of CHF in the PS and control groups 
In both the male and female subgroups, CHF incidence rates were 
significantly different between PS and control group (95% CI, 
2.05–16.81 and 2.78–14.71, respectively; Table 3). In both age 
subgroups ( < 65 and ≥ 65 years), CHF incidence rates were sig-
nificantly different between the PS and control group (95% CI, 
7.14–115.60 and 1.99–8.79, respectively; Table 3). In both the 

Table 3. Subgroup analyses between the PS and control group

Variable Category
PS Control

Hazard ratio (95% CI)
n Incidence rate (%) n Incidence rate (%)

Sex Male 7 5.745 16 0.943 6.51 (2.05–16.81)
Female 9 6.758 27 1.454 6.39 (2.78–14.71)

Age <65 years 6 3.458 5 0.201 28.73 (7.14–115.60)
≥65 years 10 12.264 38 3.562 4.18 (1.99–8.79)

Diabetes N 13 5.938 34 1.052 6.18 (3.10–12.33)
Y 3 8.306 9 2.806 7.42 (1.77–31.13)

Hypertension N 7 4.598 22 1.018 5.23 (2.13–12.88)
Y 9 8.756 21 1.508 8.11 (3.32–19.78)

Dyslipidemia N 13 5.968 33 1.099 6.60 (3.27–13.32)
Y 3 8.064 10 1.821 6.33 (1.55–25.93)

PS, pyogenic spondylitis; CI, confidence interval.
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non-diabetes and the diabetes subgroups, CHF incidence rates 
were significantly different between the PS and control group 
(95% CI, 3.10–12.33 and 1.77–31.13, respectively; Table 3). In 
both the non-hypertension and the hypertension subgroups, CHF 
incidence rates were significantly different between the PS and 
control group (95% CI, 2.13–12.88 and 3.32–19.78, respectively; 
Table 3). In both non-dyslipidemia and the dyslipidemia sub-
groups, CHF incidence rates were significantly different between 
the PS and control group (95% CI, 3.27–13.32 and 1.55–25.93, 
respectively; Table 3). 

Discussion 

In this study, we compared the incidence of CHF in PS patients 
using claims data from the NHIS-HEALS cohort database and 
showed that PS was associated with an increased risk of CHF after 
adjusting for sex, age, income, and other comorbidities. Our study 
also showed that PS was associated with an increased prevalence of 
diabetes mellitus. 

The reported incidences of PS are increasing due to increased 
life expectancy; the popularity of spinal, percutaneous invasive 
interventions; and advanced diagnostic methods [1,13–16]. In 
cases of hematogenous spreading pathogens in PS, Staphylococ-
cus aureus is the predominant pathogen, accounting for half of 
non-tuberculous cases [17–19]. S. aureus, which is most often 
associated with healthcare contact and invasive procedures, is 
also the most common pathogen source of infective endocarditis 
(IE) [20]. An association between PS and IE has been frequently 
reported in early and recent reviews on spontaneous PS and 
raised the question of possibility of their relationship [21,22]. 
Based on our study, we may ask that the preexisting condition of 
IE may infect the spine while the IE deteriorates into CHF. We 
do not know whether PS occurs as a complication of IE or vice 
versa, but we do know based upon past studies that IE is an un-
common infection of the cardiac valves, where CHF is the most 
important complication [23]. Varma et al. [24] reported that 31 
(78%) of 40 consecutive patients (aged 13–79, mean 44 years) 
with IE had CHF at presentation. Mills et al. [25] also reported 
that out of 144 patients with IE, 79 (55%) developed CHF. 
Thus, we suggest that the high incidence of CHF in PS may be 
related to the high association between IE and PS. Although 
there are several studies showing that CHF is one of the most 
common underlying diseases that accompanies PS [26,27], there 
has been no further studies discussing their relationship which is 
why studies of PS and its link to both IE and CHF should be 
conducted. 

The CHF incidence rate was significantly higher in PS patients 

in the male/female, age < 65 years/age ≥ 65 years, non-hyperten-
sion/hypertension, non-diabetes/diabetes and non-dyslipidemia/
dyslipidemia subgroups (Table 3). Therefore, we can conclude 
that among PS patients, careful and thorough medical care should 
be advised for both male/female patients, hypertension/non-hy-
pertension patients, diabetes/non-diabetes patients, and dyslipid-
emia/non-dyslipidemia patients. 

Several limitations of this study should also be noted. First, due 
to the intrinsic limitations of the NHIS-HEALS cohort database, 
there is a lack of information with regard to pathogen types associ-
ated with PS patients. Second, clinical severity information and ra-
diological data were not provided. Thus, patients’ current medical 
conditions were not accurately reflected [28]. Third, the data for 
this study was extracted from the NHIS which is why risk factors 
such as smoking, alcohol abuse, family history, and obesity were 
not included due to its limited access and the possible debate on 
accuracy. Nonetheless, this is the first nationwide longitudinal co-
hort study to assess the association between CHF and PS among 
Korean patients. 

Conclusion 

In conclusion, this nationwide longitudinal follow-up study shows 
an increased risk of CHF in PS patients. Based on this study, we 
emphasize that the increased risk of CHF should be kept in mind 
by those involved in the management of PS patients. 
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Introduction 

Lumbar spine facet joint synovial cyst is a benign protrusion from 
facet joint capsules caused by degenerative change. It commonly 
induces symptoms of low back pain, radiculopathy, neurogenic 
claudication, and cauda equina syndrome, because it leads to lum-
bar spinal stenosis and lumbar foraminal stenosis [1]. 

The treatment of symptomatic lumbar synovial cysts varies 
widely from surgical excision to conservative treatments. The 
gold-standard treatment for symptomatic synovial cysts is surgical 
removal [2–6]. However, this presents unique challenges resulting 
from adhesion between the cyst and dura mater. The challenges 

The aim of this study was to investigate the efficacy of a cyst dyeing technique that was used during the surgical excision of facet 
joint cysts in 2 cases. We evaluated the patients’ clinical outcomes and perioperative complications after decompression of lumbar 
spinal stenosis caused by the cysts. Two patients, who underwent surgical decompression for symptomatic lumbar spinal stenosis 
caused by facet cysts in August and October 2020, were reviewed. Their main complaints were severe low back pain and sciatica 1 
or 2 months ago, for which they visited Wooridul Spine Hospital, Daegu, Korea. Under general anesthesia, the cysts were removed 
with the cyst dyeing method, using indigo carmine. Clinical outcomes were assessed by preoperative and postoperative visual analog 
scale (VAS) scores. Perioperative complications were observed. Favorable clinical outcomes and no perioperative complications were 
reported. Low back pain and sciatica improved, as shown by changes of the VAS score from 9 or 8 to 1, and no dural defects were 
observed. The cyst dyeing method is an effective technique for the surgical removal of symptomatic lumbar spine facet joint cysts. 

Keywords: Facet joint cyst; Synovial cyst; Indigo carmine; Surgical technique; Lumbar spinal stenosis
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include the identification of clear anatomical boundaries and me-
chanical separation between the cyst and thecal sac. These charac-
teristics lead to a higher incidence of dural tears during surgery. 

Here, we describe surgical excisions using a cyst dyeing method, 
which involves the injection of indigo carmine into the cyst. The 
method is a novel attempt. This makes cyst removal easier and saf-
er by clarifying the anatomical boundaries between the cyst and 
dural sac, facilitating the separation procedure, and preventing du-
ral injury.  

Case Report

Case 1 
In August 2020, a 76-year-old woman presenting with severe low 
back pain and left leg radiating pain 1 month ago visited the 
Wooridul Spine Hospital, Daegu, Korea. The pain was evaluated 
by a visual analog scale (VAS) score of 9. She could not sleep due 
to the pain. Magnetic resonance imaging (MRI) demonstrated a 
L5–S1 facet joint synovial cyst compressing the left S1 nerve root 
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(Fig. 1). After informed consent was obtained from the patient, 2 
staged procedures were conducted. 

The first staged procedures were computed tomography guided 
percutaneous cyst aspiration and transforaminal epidural steroid 
injection at left S1 nerve root. However, the cyst was not sufficient-
ly aspirated and the symptoms were not resolved. 

The second staged procedures were left laminectomy at the L5–
S1 level and surgical cyst excision with a cyst dyeing technique. 
Under general anesthesia, the patient was placed in a prone posi-
tion. A 20-mm long skin incision was made to target the L5–S1 
disc space level. A Caspar retractor and Counter were inserted 
through the incision. After microscopic left laminectomy at the 
L5–S1 level, a 6-mm facet joint cyst was observed near the lateral 
margin of the thecal sac. Then, 1 mL of indigo carmine (180 
mg/10 mL, Indigo Carmine; Teva Takeda Pharma Ltd., Nagoya, 
Japan) was injected into the cyst to identify clear anatomical 
boundaries between the cyst and dural sac (Fig. 2). We separated 
the cyst and dura efficiently without dural tearing. The operative 
time was about 50 minutes. The patient reported improved low 

back pain and left leg radiating pain, which was represented by a 
reduction in VAS score from 9 to 1. 

Case 2 
In October 2020, an 80-year-old man complained of severe low 
back pain and right buttock and leg radiating pain 2 months previ-
ously. The pain was given a VAS score of 8. Several block proce-
dures were applied in other hospitals; however, the symptoms pre-
vailed. An L4–5 facet joint synovial cyst compressed thecal sac at 
the right lateral recess on MRI (Fig. 3). 

After informed consent was obtained from the patient, a right 
unilateral laminotomy for bilateral decompression (ULBD) sur-
gery was performed under general anesthesia. Surgical removal of 
the cyst using a cyst dyeing method after ULBD was performed 
successfully. At the upper L3–4 level, ULBD surgery was per-
formed for lumbar spinal stenosis due to lipomatosis. No dural in-
jury was observed. The operative time was about 60 minutes. The 
patient reported improved low back pain and right buttock and leg 
radiating pain, which was represented by a reduction in a VAS 

Fig. 1. Preoperative images of a lumbar facet joint synovial cyst at the left L5-S1 level on magnetic resonance imaging (MRI). (A) Sagittal 
image on T2-weighted MRI. (B) Coronal image on T2-weighted MRI.
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Fig. 2. Intraoperative images of surgical excision with the cyst dyeing technique. (A) Image of a dyed cystic lesion using indigo carmine 
in the operative field. (B) Image of the operative field after surgical removal of the cyst. (C) Image of the removed cyst with indigo car-
mine dye.
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score from 8 to 1. 

Discussion 

In these cases, surgical excision with the cyst dyeing technique was 
successfully performed. The cyst dyeing method was safe and ef-
fective, and demonstrated favorable clinical outcomes with no 
perioperative complications. 

Synovial cysts typically develop as a result of degenerative 
changes that occur with aging. They can be found throughout the 
spine; however, they are most common in the lumbar region. They 
are benign, and their histopathology consists of fibrous connective 
tissue with a synovial cell lining. 

Lumbar synovial cysts are observed in 10% of lumbar cases on 
MRI [7]. However, they are most frequent in the L4–5 facet joint 
(60%–70%) [8] and less frequent in the intraspinal area (2.3%) 
[7]. Tarlov cysts, type II meningeal cysts, are more common in the 
S1 dorsal foramen compared with synovial cysts. Of note, synovial 
cysts can be differentiated from Tarlov cysts, perineural cysts that 
form on the nerve root sheath, by continuity from facet joint and 
their smaller size. Tarlov cysts are characterized by multiplicity, 
larger size, and lobular contour. Traits of the synovial cyst, includ-
ing continuity from the facet joint and a singular cyst, were ob-
served in our case (Fig. 1).  

Tarlov cysts can occur throughout the spine and are most 
common in the sacral area of the spine. However, they are gener-
ally asymptomatic, and are found incidentally at a frequency of 
1% to 2% on sacral MRI [9]. Lumbar facet joint cysts can cause 
symptoms by compressing the thecal sac and nerve root and 
causing lumbar spinal stenosis. The symptoms include severe 
low back pain, radiating pain, and neurogenic intermittent clau-
dication. 

There are many treatments for symptomatic facet joint synovial 
cysts including conservative treatment and surgical excision. The 

A B

Fig. 3. Preoperative images of a lumbar facet joint synovial cyst at the right L4-5 level on magnetic resonance imaging (MRI). (A) Sagittal 
image on T2-weighted MRI. (B) Coronal image on T2-weighted MRI.

conservative treatments, including resting, taking anti-inflammato-
ry medicine, and applying physical therapy, can often be sufficient. 
Recently, percutaneous cyst aspiration, steroid injection, and rup-
ture through the facet joint have been implemented in some cases. 
However, surgical removal for neural decompression is the best 
procedure for symptomatic lumbar cysts [1–6], although fusion 
surgery may be needed afterward. By dyeing the cysts with indigo 
carmine, the anatomical boundary between the cyst and dural sac 
was clarified (Fig. 2), which allowed their safe separation [10]. 
Therefore, the cyst dyeing technique is a novel and useful method 
for symptomatic lumbar cysts. 

This study had some limitations. Only 2 cases utilizing the cyst 
dyeing method were investigated. Therefore, more cases with 
multi-center involvement, comparison studies, and randomized 
controlled studies are needed to elucidate the efficiency of the cyst 
dyeing technique in the future. 

Conclusion 

The cyst dyeing method is an effective for the surgical removal of 
symptomatic lumbar spine facet joint synovial cysts. 
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Introduction 

Schwannomas occur most frequently within the intradural-extra-
medullary compartment. However, intramedullary schwannoma 
is a very rare intraspinal cord tumor. It accounts for only 1.1% of 
spinal schwannoma [1]. It is a disease that occurs in commonly in 
middle age [2]. However, this case has clinical significance in that 
it occurred in an elderly person. 

We report a rare case of thoracic intramedullary schwannomas 
in elderly explored by magnetic resonance imaging (MRI) and 
pathogenesis within the spinal cord. 

Case Report 

A 71-year-old female patient was admitted to our hospital with 

Intramedullary schwannoma, a disease that primarily occurs in middle-aged individuals, is a very rare tumor that occurs inside the 
spinal cord, constituting only 0.3% of spinal cord tumors. These tumors have most often been reported to involve a single lesion in 
the spinal cord. A magnetic resonance imaging (MRI) examination and histopathological report can confirm the diagnosis of intra-
medullary schwannoma. We describe a case of intramedullary schwannoma in a 71-year-old female patient. The tumor was evaluat-
ed using MRI and through a pathophysiological assessment. The lesion showed diffuse bulbous thickening with an ill-defined central 
signal change of the spinal cord from C6 to T6 on T2-weighted MRI. During surgery, a reddish and adhesive mass was removed. After 
the operation, the patient’s leg weakness improved. Despite the rarity of the disease, we should consider intramedullary schwanno-
ma as a possible tumor in the differential diagnosis of intramedullary lesions in elderly patients, for which surgical treatment should 
be considered. 
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gradual paraparesis with urinary difficulty for 10 days. She had no 
previous spinal disease, nor any traumatic history. 

Neurological examination revealed that the motor power of the 
patient’s left leg was grade IV and right leg GIII. The sensation of 
all modalities under T5 dermatomes was reduced. Her bilateral 
knee jerks and ankle jerks were hyperactive and well sustained an-
kle clonus was observed. The lesion showed diffuse bulbous thick-
ening with ill-defined central signal change of spinal cord from C6 
to T6 level on the T2 weight-image of MRI (Fig. 1). An ovoid, 
well-marginated enhanced mass was located at the center of the 
cord on the gadolinium enhanced image (Fig. 2). 

The operation was performed with standard posterior midline 
approach. After laminoplasty from T2 to T5, a midline dura inci-
sion with lateral retraction was performed. Midline myelotomy 
showed reddish and some infiltrative adhesive mass lesion. Frozen 
section of the lesion was defined as a schwannoma. Due to the in-
filtrative adhesive nature, its total resection was not easy. During 
the procedure, the intraoperative monitoring was uneventful. After 
the operation, the patient’s weakness was improved, and IV+ and 
self-voiding was possible. Histological analysis confirmed the diag-
nosis of schwannoma (Figs. 3–5).

Copyright © 2022 by The Korean Society of Geriatric Neurosurgery
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Fig. 1. A T2 weighted sagittal image showing diffuse bulbous 
thickening with ill-defined central signal change of the spinal 
cord, from C6 to T6. Written informed consent was obtained for 
publication of this case report and accompanying images.

Fig. 2. An approximately 35-mm ovoid, well-marginated mass with enhancement in the spinal cord at T3 to T4. (A) Sagittal image, (B) 
axial image. Written informed consent was obtained for publication of this case report and accompanying images.

Fig. 3. Microscopic image showing a biphasic pattern with cellu-
lar Antoni A and hypocellular Antoni B areas (H&E, ×40). Written 
informed consent was obtained for publication of this case report 
and accompanying images.

Discussion 

James Kernohan has been recognized as the first neurosurgeon to 
report an intramedullary schwannoma case in 1952. However, 
Penfield had already reported an intramedullary tumor with 
schwannomas characteristics in 1932 [3]. 

Intramedullary schwannoma is a rare disease among non- neu-
rofibroma patients, accounting for 0.3% of intraspinal schwanno-
mas and 1.1% of spinal schwannoma [4]. The rarity of intramedul-
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lary schwannoma is due to the absence of Schwann cells in the 
central nerve system including the parenchyma of the brain and 
spinal cord, thus the pathogenesis of intramedullary schwannoma 
is still controversial. None of specific theories has gained accep-
tance. There are 5 hypotheses: (1) the intramedullary perivascular 
nervous plexus along Schwann cells, (2) the migration of Schwann 
cells during embryonic development, (3) the aberrant intramedul-
lary nerve fibers related to Schwann cells, (4) neoplastic growth of 
Schwann cells in dorsal root entering zone, and (5) focal intramed-
ullary proliferation of Schwann cells in reaction to chronic diseases 
or trauma [5–7]. 

The ratio of male to female of intramedullary schwannomas is 
3:1. The mean age of disease presentation was 40.2 years, middle 
age [2]. The common region of intramedullary schwannomas is 
the cervical spine (63%), the thoracic spine (26%), and the lum-
bar (11%) levels [8]. 

MRI is one of the choices for the diagnosis of spinal cord tu-
mors. Intramedullary Schwannoma is often known to be hy-
pointense on T1 weighted image, and hyperintense on T2 weight-
ed image [9]. However, signal intensity depends on macroscopic 
features and histological composition such as cysts, hemorrhage, 
and necrosis [5]. Thus diagnostic MRI of the intramedullary 
schwannoma is very limited and pathological analysis is important 
for diagnosis. 

Common pathological finding is Antoni type A or mixture with 
Antoni type B. Schwannoma cell cytoplasm was reactive to S-100 
protein but non-reactive to glial fibrillary acidic protein and epithe-
lial membrane antigen [10]. 

The main treatment of schwannoma is surgical excision. Com-

Fig. 5. Immunohistochemical stains demonstrating diffuse pos-
itivity for S-100 protein (×100). Written informed consent was 
obtained for publication of this case report and accompanying 
images.

plete removal of tumor is usually possible and prognosis of disease 
is satisfactory [7,11]. 

Conclusion 

Despite the rarity of intramedullary schwannoma it should be con-
sidered as one of the possible tumors in intramedullary lesion. Al-
though this this disease is common in middle-aged people, it is a 
disease that should require differential diagnosis even in geriatric 
patients. The main treatment of the disease is its surgically total ex-
cision; however, its adhesive nature makes the removal difficult. It 
is essential to recognize the adhesive nature of the intramedullary 
schwannoma. 
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Introduction 

Idiopathic hypertrophic spinal pachymeningitis (IHSP) is a very 
rare disease first described by Charcot in 1869 [1]. IHSP presents 
as a progressive diffuse inflammatory fibrosis that occurs in the 
dura mater of the spinal cord and mainly affects the cervical and 
thoracic regions [2]. Progressive thickening of the dura mater 
causes compression of the spinal cord or nerve, and depending on 
the extent or degree of compression, myelopathy, radicular pain, 
and radiculopathy may appear [3]. 

Contrast-enhanced spinal magnetic resonance imaging (MRI) 
is a common imaging examination to diagnose IHSP, and the final 
diagnosis is made through excision biopsy of the dura mater of the 

Idiopathic hypertrophic spinal pachymeningitis (IHSP) is a rare condition characterized by chronic progressive diffuse inflammatory 
fibrosis in the dura mater of the spinal cord. Depending on its extent or severity, IHSP may cause symptoms by compressing the spi-
nal cord. We present a case of IHSP across the cervical dura mater in a 78-year-old male patient. The patient visited the emergency 
department for right shoulder pain a month before admission, weakness in the right upper extremity a week before admission, and 
sudden quadriparesis on the day of admission. A neurological examination of the motor power of the extremities indicated grade IV 
quadriparesis and grade I hand grasp power in both hands. Hypoesthesia under the T1 dermatome was evaluated. Cervical magnetic 
resonance imaging (MRI) with gadolinium enhancement showed diffuse thickening of the anterior and posterior dura through the 
C2 to C5 levels, causing central canal stenosis and compressive myelopathy. Immediate decompressive laminoplasty was performed. 
A biopsy specimen of the thickened dura mater was obtained during surgery, and IHSP was diagnosed on the basis of the results of 
the pathological examination. High-dose steroid therapy was administered after decompressive surgery, and follow-up MRI showed 
radiological improvement in the lesion area. 
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relevant area [4]. On MRI, the characteristic findings of IHSP in-
clude hypo-intensity on an intradural extramedullary mass on T1- 
and T2-weighted images. In the case of involvement of more than 
2 vertebral segments, the contrast enhancement pattern may ap-
pear different depending on the degree of peripheral active inflam-
mation and central fibrosis [5,6]. The characteristic pathological 
findings of IHSP include chronic nonspecific granulomatous in-
flammation with fibrosis of the dura [7]. 

Although studies on treatment and long-term prognosis remain 
lacking, immunosuppressive therapy using steroids is the main 
treatment and is known to help improve symptoms [8]. Surgical 
decompression is required in patients showing no response to 
medical treatment or those showing neurological symptoms due 
to spinal cord compression [9].  

Case Report 

A 78-year-old male patient was admitted to our hospital with 
quadriparesis that occurred on the day of admission. The patient 
had been experiencing posterior neck pain and right shoulder pain 
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since approximately 2 months, and paralysis of the right upper ex-
tremity appeared one week before admission, for which he was ad-
mitted to another hospital. The patient was taking medications for 
hypertension and diabetes mellitus and had no specific infectious 
history, including tuberculosis. His family history showed no nota-
ble features. 

Neurological examination showed that the patient was alert 
with no significant deficits in the cranial nerve examination. The 
motor power of the extremities indicated grade IV quadriparesis, 
and hand grasp strength was grade I for both hands. Hypoesthe-
sia under the T1 dermatome level was checked. Deep tendon re-
flexes of the extremities were normal, and the anal and bladder 
tone were intact. On the basis of these findings, we diagnosed 
symptoms of cervical myelopathy and conducted additional 
tests. 

A blood test was performed, and both C-reactive protein and 
erythrocyte sedimentation rate values were increased, suggesting 
inflammation. The tumor marker test did not show any specific 
findings, and acquired immunodeficiency syndrome, syphilis, tu-
berculosis, and other infections could be excluded through lab 
findings. A cerebrospinal fluid (CSF) test was performed, and leu-

kocytosis with predominantly lymphocytes was confirmed. Cul-
ture studies using CSF showed no evidence of bacterial, tuberculo-
sis, or fungal infection. 

Spinal computed tomography (CT) and MRI scans were per-
formed. The sagittal CT image revealed no abnormal bony struc-
tures and calcification lesion. Diffuse ventral and dorsal aspects of 
the spinal dura thickening through C2 to C5 levels were found on 
MRI scans. Low signal intensity was shown in the T1- and 
T2-weighted sequences, and relatively homogenous contrast en-
hancement with gadolinium was observed. Cord signal change 
and compressive myelopathy through C3 to C5 levels were con-
firmed (Fig. 1). Brain MRI was performed, and no findings sug-
gestive of idiopathic hypertrophic cerebral pachymeningitis were 
confirmed. 

MRI confirmed compressive myelopathy, and since the patient’s 
symptoms worsened, cervical decompressive laminectomy and 
laminoplasty at C2 to C5 were performed immediately. The oper-
ative field showed a yellow ligament with severe adhesion to the 
dura mater after laminectomy. Lesions and normal dura were care-
fully peeled off, and parts of the ligaments and outer dura mater 
thickened by chronic inflammation were removed. No complica-

Fig. 1. Preoperative sagittal spinal imaging (A) T2-weighted magnetic resonance imaging (MRI), (B) contrast-enhanced T1-weighted MRI, 
and (C) cervical computed tomography. T2-weighted axial cervical MRI obtained at the (D) C2, (E) C3, (F) C4, and (G) C5 levels. Written 
informed consent was obtained for publication of this case report and accompanying images.
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tions such as CSF leakage or nerve damage occurred during sur-
gery. 

The pathologic findings confirmed degenerated fibrous tissue 
with mixed inflammatory cell infiltration, and ruled out the possi-
bility of other diseases, including tumors. Immediately after sur-
gery, the patient’s symptoms improved to motor grade III in the 
bilateral hand grasp evaluation and grade IV in the lower-extremity 
evaluation. He also showed subjective improvement of hypoesthe-
sia and numbness under the T1 dermatome level. After surgery, 
the patient started taking oral prednisolone 60 mg once daily from 
postoperative day 10. After caring for the surgical wounds, the pa-
tient was transferred to the department of rehabilitation for reha-
bilitation treatment. After 2 months of oral steroid treatment, the 
prednisolone dose was reduced to 40 mg once daily and main-
tained at that level. The dose will be gradually tapered on the basis 
of the patient’s symptoms. 

Rheumatoid factor, antinuclear antibody, double-stranded 

DNA, antiphospholipid antibody, lupus anticoagulant, anti-neu-
trophil cytoplasmic antibodies (p-ANCA and c-ANCA), Ro (SS-
A), La (SS-B), U1RNP, Jo-1, and anti-cyclic citrullinated peptide 
levels were performed after discharge and noted within normal 
range. Follow-up cervical MRI was performed at one month after 
surgery, and radiological improvement was confirmed (Fig. 2). 
Five months after surgery, the patient complained of subjective 
weakness in the lower extremities, and cervical MRI was per-
formed for follow-up evaluation. No significant radiological deteri-
oration of the lesion was observed on MRI (Fig. 3). Up to 7 
months after decompressive laminoplasty and sufficient steroid 
treatment, the patient’s performance gradually improved despite 
some minor disabilities. 

Discussion 

IHSP is a rare disease that is known to cause thickening of the dura 

Fig. 2. Sagittal spinal magnetic resonance imaging (MRI) obtained 1 month after the operation: (A) T2-weighted and (B) contrast-en-
hanced T1-weighted. T2-weighted axial cervical MRI obtained before surgery at the (C) C2, (D) C3, (E) C4, and (F) C5 levels. These images 
revealed that the lesion area was significantly thinner than on the preoperative MRI scans. Written informed consent was obtained for 
publication of this case report and accompanying images.
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mater and arachnoid region due to chronic inflammation, mainly 
affecting the cervical and thoracic spinal cord level. The epidemi-
ology of IHSP has not been clearly established, but some studies 
show that it usually affects people between 50 and 70 and is more 
common in women than men [10]. The symptoms of IHSP ap-
pear differently depending on the location and severity of the dis-
ease. The stage-based symptoms of IHSP were first reported by 
Charcot [11]. The first stage primarily shows progressive radicular 
symptoms, while the second stage shows muscle weakness and at-
rophy, and the third stage shows paralysis of the lower extremities 
and bladder and progressive anal dysfunction [12]. 

The etiology of IHSP is unclear. Research on its associations 
with various diseases is in progress, and studies have described as-
sociations with rheumatoid arthritis, Wegener’s granulomatosis, 
sarcoidosis, metabolic diseases, autoimmune diseases, and trans-
verse myelitis [13–15]. In our case, the patient had severe symp-
toms and showed compressive myelopathy on MRI. Surgery was 
performed prior to examination for related diseases, and diseases 
such as malignancies and tuberculosis were excluded from the bi-
opsy. 

Identification of patients’ symptoms and distinction from symp-
toms caused by brain lesions is important. The recommended im-
aging modality for diagnosis is spinal MRI with gadolinium en-
hancement [6]. Since hypertrophy of the dura mater is a character-
istic MRI finding, it is necessary to differentiate it from conditions 

Fig. 3. Magnetic resonance images taken 5 months after surgery: (A) T2-weighted and (B) Contrast-enhanced T1-weighted. These imag-
es reveal no progression of hypertrophic pachymeningitis. Written informed consent was obtained for publication of this case report and 
accompanying images.

such as an epidural abscess or spinal tumor. IHSP lesions are ob-
served to be hypointense in T1- and T2-weighted images due to 
the characteristics of the dense fibrous tissue component of the le-
sion [16]. In our case, the lesion appeared as a typically diffuse 
thickened dura mater with homogenous enhancement. The gold 
standard for diagnosing IHSP is biopsy of the thickened dura ma-
ter [17]. Chronic nonspecific and granulomatous inflammation 
can be identified, and epidural abscess and tumorous conditions 
and diseases can be ruled out on the basis of the pathological and 
gross findings observed during surgery [16]. 

The gold standard treatment for IHSP remains controversial. In 
patients with neurological symptoms due to cord compression, 
surgical decompression and open biopsy are helpful for both treat-
ment and diagnosis [18]. Because most of the lesions are extensive 
and long, complete or gross total resection of the lesion is impossi-
ble. The indications for surgical decompression and the extent of 
surgical resection of dural hypertrophy are topics of debate. Medi-
cal treatment mainly involves immunosuppressive therapy using 
steroid agents, but there is no clear consensus on the dose and du-
ration of steroid therapy [9,17]. In addition to steroid therapy, 
some studies have also suggested radiation therapy, methotrexate, 
cyclophosphamide, and empirical anti-tuberculosis therapy [17]. 
Surgical treatment for pathologic diagnosis and decompression of 
the spinal cord and subsequent steroid therapy is the primary ther-
apy at present [19]. Some studies recommend the additional use 
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of methotrexate or azathioprine in patients who show relapse 
during steroid therapy or whose symptoms worsen after steroid ta-
pering [8]. In our case, the patient showed an improvement in 
clinical and imaging studies up to 7 months after decompressive 
surgery and was only taking steroids continuously. 

Conclusion 

With sufficient medical steroid treatment and rehabilitation treat-
ment, the prognosis of patients with IHSP can be improved even if 
only decompressive laminectomy and laminoplasty, without com-
plications such as dural tears, are performed instead of aggressive 
surgery to remove the thickened ligament and dura mater exten-
sively. 
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5. Decision for the publication of the submitted manuscript will be 

made solely by the editorial board.
6. Professional editing in English is recommended for non-native 

speakers. Editorial office may request an English editing. In cases 
of accepted manuscripts, we may provide copy editing and En-
glish proofreading free of charge.

7. All published papers become the permanent property of the Ko-
rean Society of Geriatric Neurosurgery.
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transfer agreement forms.
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of the abbreviation following abbreviated word in parentheses 
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tem (The International System of Units: SI units).
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porting, Editing, and Publication of Scholarly Work in Medical Jour-
nals” (http://www.icmje.org/icmje-recommendations.pdf) from the 
International Committee of Medical Journal Editors (ICMJE).

1. Title Page
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The external title page must also contain the address, tele-
phone and facsimile numbers, and e-mail address of the corre-
sponding author at the bottom of the page, as well as informa-
tion on the previous presentation of the manuscript in con-
ferences and funding resources, if necessary.

3) The internal title page should only contain the article title. 
The internal title page must not contain any information on 
the names and affiliations of the authors.

2. Manuscript Format
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words case reports and technical notes except for references, 
tables, and figures. It should be composed of no more than 
600 English words for letters to the editor.
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abstract, introduction, materials and methods, results, discus-
sion, conclusion, references, tables, and figures or illustrations. 
There should be no more than 40 references.

3) In case reports, materials and methods and results can be re-
placed with case report(s). The number of references should 
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4) Manuscript format may vary in review articles. There should 
be no more than 100 references in review articles.

5) Text should be written in 11 point fonts with double line spac-
ing.

3. Abstract
1) The abstract should include brief descriptions on the objec-

tive, methods, results, and conclusion as well as a detailed de-
scription of the data. An abstract containing 250 words or less 
is required for clinical articles and 200 words or less for review 
articles and case reports.

2) Abstract can be revised by the decision of editorial board, and 
some sentences can be modified as a result of revision.

3) A list of keywords, with a minimum of two items and maxi-
mum of six items, should be included at the end of the ab-
stract.

4) The selection of keywords should be based on Medical Sub-
ject Heading (MeSH; https://www.ncbi.nlm.nih.gov/mesh).  

4. Introduction
The introduction should address the purpose of the article con-
cisely, and include background reports mainly relevant to the pur-
pose of the paper. Detailed review of the literature should be ad-
dressed in the discussion section.

5. Materials and Methods
1) The article should record research plans, objective, and meth-

ods in order, as well as the data analysis strategies and control 
of bias in the study. Enough details should be furnished for the 
reader to understand the method(s) without reference to an-
other work in the study described.

2) When reporting experiments with human subjects, the au-
thors must document the approval received from the local In-
stitutional Review Board. When reporting experiments with 
animal subjects, the authors should indicate whether the han-
dling of the animals was supervised by the research board of 
the affiliated institution or such. Approved number of IRB 
must be noted.

3) Photographs disclosing patients must be accompanied by a 
signed release form from the patient or family permitting pub-
lication.

4) Ensure correct use of the terms sex (when reporting biological 
factors) and gender (identity, psychosocial or cultural factors), 
and, unless inappropriate, report the sex and/or gender of 
study participants, the sex of animals or cells, and describe the 
methods used to determine sex and gender. If the study was 
done involving an exclusive population, for example in only 
one sex, authors should justify why, except in obvious cases 
(e.g., prostate cancer). Authors should define how they deter-
mined race or ethnicity and justify their relevance.

6. Results
1) The authors should logically describe their results of observa-

tions and analyses performed using methodology given in the 
previous section and provide actual data.

2) For biometric measurements in which considerable amount of 
stochastic variation exists, a statistical evaluation is mandatory. 
The results must be sorely from the findings of the current 
study and not refer to any previous reports.

3) While an effort should be made to avoid overlapping descrip-
tions by Tables and by main text, important trends and points 
in the Table should be described in the text.

7. Discussion
Discussions about the findings of the research and interpretations 
in relation to other studies are made. It is necessary to emphasize 
the new and critical findings of the study, not to repeat the results 
of the study presented in the previous sections. The meaning and 
limitation of observed facts should be described, and the conclu-
sion should be related to the objective of the study only when it is 
supported by the results of the research.
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8. Conclusion
The conclusion section should include a concise statement of the 
major findings of the study in accordance with the study purpose.
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10. Tables
1) Tables should be created using the table formatting and edit-

ing feature of Microsoft Word. The title of the table must be 
noted. Tables cannot be submitted in a picture format.

2) Tables should be prepared in detail, in order to understand 
the contents of the manuscript without further reference.

3) Do not include vertical lines in table, and refer to the table 
formats in formal papers in Journal of the Korean Society of 
Geriatric Neurosurgery.

11. Figures and Illustrations
1) Figures should have resolution of 300 dpi or above and 

should be submitted individually (Namely, if Figure 1 is di-
vided into A, B, C and D, do not combine them into one, but 
submit each of them separately). Allowable file format for 
figures are JPG or TIF(TIFF) only.

2) Figures should be named according to figure name (exam-
ple: Fig-1A.tif). If the quality of the photographs is consid-
ered as inappropriate for printing, resubmission of them can 
be requested by the journal.

3) Authors should submit figures in black and white if they 
want them to be printed in black and white. Authors are re-
sponsible for any additional costs of producing color figures 
(Additional cost for color printing is determined by the edi-
torial board).

4) Line art should have resolution of 1,200 dpi or more in JPG 
or TIF format.

12. Author Check List
1) Before submitting the manuscript, authors should dou-

ble-check all requirements noted in the agreement form re-
garding the registration and copyrights of their manuscript. 
A manuscript that does not fit the author instructions of the 
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the authors for further correction.

2) The page numbers in the manuscript should be counted 

http://www.nlm.nih.gov/citingmedicine
https://www.cancer.gov/publications/pdq
https://www.cancer.gov/publications/pdq
https://www.drugabuse.gov/publications/drugfacts/drug-use-viral-
infections-hiv-hepatitis
https://www.drugabuse.gov/publications/drugfacts/drug-use-viral-infections-hiv-hepatitis
https://www.drugabuse.gov/publications/drugfacts/drug-use-viral-infections-hiv-hepatitis


from the page with the abstract, and the name and affiliation 
of the authors should not appear thereafter.

3) Author check list should be prepared, signed by correspond-
ing author, submitted with manuscripts, and then registered 
online. Relevant forms can be downloaded at manuscript 
submission site.

V. Peer Review Process

All manuscripts are considered confidential. They are peer-re-
viewed by at least two anonymous reviewers selected by the Editor. 
The corresponding author is notified as soon as possible of the Ed-
itor’s decision to accept, reject, or ask for revisions. The average 
time interval for an initial review process that involves both editori-
al and peer reviews is approximately 1 month; occasionally, there 
are unavoidable delays, usually because a manuscript needs multi-
ple reviews or several revisions. When manuscripts are returned 
for revision, a cover letter from the Editor provides directions that 
should be followed carefully. When submitting the revised manu-
script, authors should include a Response Letter, which describes 
how the manuscript has been revised. A point-by-point response 
to the Editor should be included with the revised manuscript. Au-
thors who plan to resubmit but cannot meet this deadline should 
contact the Editorial Office. Manuscripts held for revision will be 
retained for a maximum of 90 days. The revised manuscript and 
the author’s comments will be reviewed again. If a manuscript is 
completely acceptable, according to the criteria set forth in these 
instructions, it is scheduled for publication in the next available is-
sue.

We neither guarantee the acceptance without review nor very 
short peer review times for unsolicited manuscripts. Commis-
sioned manuscripts also are reviewed before publication.

We adopt double-blind peer review in which case, not only au-
thors but also reviewers do not know each other.

VI. Publication and Charges

1. Publication
Once a manuscript is accepted for publication by the journal, it 
will be sent to the press, and page proofs will be sent to authors. 
Authors must respond to the page proofs as soon as possible after 
making necessary corrections of misspellings, and the location of 
the photographs, figures or tables. Authors can make corrections 
for only typing errors, and are not allowed to make any author al-
teration or substantive changes of the text. Proofs must be returned 
to the press within 72 hours of receipt. No response from the au-
thors within this time frame will lead the publication of the proof 

read without corrections, and the editorial board will not be re-
sponsible for any mistakes or errors occurring in this process.

2. Charge
There is no author’s submission fee or other publication related fee 
since every cost for the publication process is supported by the 
publisher.

VII. Ethical Guidelines

1. Research Ethics
1) All of the manuscripts should be prepared in strict observa-

tion of research and publication ethics guidelines recom-
mended by the Council of Science Editors (CSE), Interna-
tional Committee of Medical Journal Editors (ICMJE), 
World Association of Medical Editors (WAME), and the 
Korean Association of Medical Journal Editors (KAMJE).

2) Any study including human subjects or human data must be 
reviewed and approved by a responsible institutional review 
board (IRB). Please refer to the principles embodied in the Dec-
laration of Helsinki (https://www.wma.net/policies-post/
wma-declaration-of-helsinki-ethical-principles-for-medical- 
research-involving-human-subjects/) for all investigations 
involving human materials. The editor of Journal of the Kore-
an Society of Geriatric Neurosurgery always request submis-
sion of copies of informed consents from human subjects in 
clinical studies or IRB approval documents.

3) Animal experiments also should be reviewed by an appropri-
ate committee (Institutional Animal Care and Use Commit-
tee, IACUC) for the care and use of animals. Also studies 
with pathogens requiring a high degree of biosafety should 
pass review of a relevant committee (Institutional Biosafety 
Committee, IBC). 

2. Conflict of Interest
1) The corresponding author of an article is asked to inform the 

Editor of the authors’ potential conflicts of interest possibly 
influencing their interpretation of data. A potential conflict 
of interest should be disclosed in the cover letter even when 
the authors are confident that their judgments have not been 
influenced in preparing the manuscript. Such conflicts may 
be financial support or private connections to pharmaceuti-
cal companies, political pressure from interest groups, or ac-
ademic problems. 

2) The Editor will decide whether the information on the con-
flict should be included in the published paper. Before pub-
lishing such information, the Editor will consult with the 
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corresponding author. In particular, all sources of funding 
for a study should be explicitly stated. The Journal of the Ko-
rean Society of Geriatric Neurosurgery asks referees to let its 
Editor know of any conflict of interest before reviewing a 
particular manuscript.

3. Journal Policies on Authorship and Contributorship
1) Authors are required to make clear of their contribution to 

their manuscript in cover letter. To be listed as an author one 
should have contributed substantially to all four categories 
established by the ICMJE: (1) conception and design, or ac-
quisition, or analysis and interpretation of data; (2) drafting 
the article or revising it critically for important intellectual 
content; and (3) final approval of the version to be pub-
lished; and (4) agreement to be accountable for all aspects 
of the work in ensuring that questions related to the accuracy 
or integrity of any part of the work are appropriately investi-
gated and resolved.

2) When a large, multicenter group has conducted the work, 
the group should identify the individuals who accept direct 
responsibility for the manuscript. When submitting a manu-
script authored by a group, the corresponding author should 
clearly indicate the preferred citation and identify all individ-
ual authors as well as the group name. Journals generally list 
other members of the group in the Acknowledgments. Ac-
quisition of funding, collection of data, or general supervi-
sion of the research group alone does not constitute author-
ship. Authors are responsible for replying to all questions 
asked by reviewers or editors that relate to the accuracy or 
integrity of any part of the work. All persons who have made 
a substantial contribution, but who are not eligible as au-
thors, should be named in the acknowledgments. Authors 
are expected to consider carefully the way authors should be 
listed and ordered before submitting their manuscripts, and 
to provide a definitive list of authors with their original sub-
mission. Any addition, deletion, or rearrangement of author 
names in the authorship list should be made before the man-
uscript has been accepted—and only if approved by the 
journal Editor. To request such a change, the Editor must re-
ceive the following from the corresponding author: (a) the 
reason for requesting a change in the list of authors; and (b) 
written confirmation (by e-mail or letter) from all authors to 
say that they agree with the addition, removal, or rearrange-
ment.

4. Redundant Publication and Plagiarism
1) Redundant publication is defined as “reporting (publishing 

or attempting to publish) substantially the same work more 
than once, without attribution of the original source(s)”. 
Characteristics of reports that are substantially similar in-
clude the following: (a) “at least one of the authors must be 
common to all reports (if there are no common authors, it is 
more likely plagiarism than redundant publication),” (b) “the 
subject or study populations are often the same or similar,” 
(c) “the methodology is typically identical or nearly so,” and 
(d) “the results and their interpretation generally vary little, if 
at all.”

2) When submitting a manuscript, authors should include a let-
ter informing the editor of any potential overlap with other 
already published material or material being evaluated for 
publication and should also state how the manuscript sub-
mitted to Journal of the Korean Society of Geriatric Neurosur-
gery differs substantially from this other material. If all or part 
of your patient population was previously reported, this 
should be mentioned in the Materials and Methods, with ci-
tation of the appropriate reference(s).

3) The editorial committee checks the similarity by using the 
iThenticate (http://www.ithenticate.com/) program for all 
submitted articles to prevent plagiarism. The editorial com-
mittee rejects the article suspected of plagiarism and asks the 
author to check whether it is plagiarized and make a resub-
mission.

5. Readership
It is primarily for clinicians and researchers who care patients with 
spine and spinal cord diseases. They are able to obtain tailored in-
formation to adopt for their research and practice. Its readership 
can be expanded to other positions: Researchers can get the recent 
topics of clinical research in spine and spinal cord field and detailed 
research methods; Clinicians in the field can get the new informa-
tion and recent development for care of patients; Medical teacher 
can access and adopt a variety of data in medical education; Allied 
health professionals including nurses are able to get the recent in-
formation for care of patients with spine and spinal cord diseases; 
Medical health students can understand the recent trends of the 
field and interesting cases for their work; Policy makers are able to 
reflect the results of the articles to the nation-wide health care poli-
cies for patients with spine and spinal cord diseases; The public, 
especially family of patients with spine and spinal cord diseases are 
able to read the advancement in their family’s diseases so that they 
have a better knowledge on the diseases and a confidence in the 
clinicians’ devotion to their family.
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6. Obligation to Register Clinical Trial
1) Clinical trial defined as “any research project that prospec-

tively assigns human subjects to intervention and compari-
son groups to study the cause-and-effect relationship be-
tween a medical intervention and a health outcome” should 
be registered to the primary registry to be prior publication.

2) Journal of the Korean Society of Geriatric Neurosurgery accepts 
the registration in any of the primary registries that partici-
pate in the WHO International Clinical Trials Portal (http://
www.who.int/ictrp/about/details/en/index.html) as well as 
https://www.anzctr.org.au/, www.clinicaltrials.gov, www.
umin.ac.jp/ctr/index/htm and www.trialregister.nl. The 
clinical trial registration number shall be published at the 
end of the abstract.

7. Process for Identification of and Dealing with Allegations 
of Research Misconduct
When the Journal faces suspected cases of research and publica-
tion misconduct such as a redundant (duplicate) publication, pla-
giarism, fabricated data, changes in authorship, undisclosed con-
flicts of interest, an ethical problem discovered with the submitted 
manuscript, a reviewer who has appropriated an author’s idea or 
data, complaints against editors, and other issues, the resolving 
process will follow the flowchart provided by the COPE (http://
publicationethics.org/resources/flowcharts). The Editorial Board 
will discuss the suspected cases and reach a decision. We will not 
hesitate to publish errata, corrigenda, clarifications, retractions, 
and apologies when needed.

Cases that require editorial expressions of concern or retrac-
tion shall follow the COPE flowcharts available from: http://
publicationethics.org/resources/flowcharts. If correction is need-
ed, it will follow the ICMJE Recommendation for Corrections, 
Retractions, Republications and Version Control available from: 
http://www.icmje.org/recommendations/browse/publishing- 
and-editorial-issues/corrections-and-version-control.html as fol-
lows:

Honest errors are a part of science and publishing and require 
publication of a correction when they are detected. Corrections are 
needed for errors of fact. Minimum standards are as follows: First, it 
shall publish a correction notice as soon as possible, detailing 
changes from and citing the original publication on both an elec-

tronic and numbered print page that is included in an electronic or 
a print Table of Contents to ensure proper indexing; Second, it shall 
post a new article version with details of the changes from the origi-
nal version and the date(s) on which the changes were made 
through Crossmark; Third, it shall archive all prior versions of the 
article. This archive can be either directly accessible to readers; and 
Fourth, previous electronic versions shall prominently note that 
there are more recent versions of the article via Crossmark.

8. Handling Complaints and Appeals
The policy of the journal is primarily aimed at protecting the au-
thors, reviewers, editors, and the publisher of the journal. If not de-
scribed below, the process of handling complaints and appeals fol-
lows the guidelines of the COPE (https://publicationethics.org/
appeals). 
• Who complains or makes an appeal? Submitters, authors, review-
ers, and readers may register complaints and appeals in a variety of 
cases as follows: falsification, fabrication, plagiarism, duplicate 
publication, authorship dispute, conflict of interest, ethical treat-
ment of animals, informed consent, bias or unfair/ inappropriate 
competitive acts, copyright, stolen data, defamation, and legal 
problem. If any individuals or institutions want to inform the cases, 
they can send a letter to editor through https://www.jksgn.org/
about/contact.php. For the complaints or appeals, concrete data 
with answers to all factual questions (who, when, where, what, 
how, why) should be provided.
• Who is responsible to resolve and handle complaints and ap-
peals?
The Editor, Editorial Board, or Editorial Office is responsible for 
them.
• What may be the consequence of remedy?
It depends on the type or degree of misconduct. The consequence 
of resolution will follow the guidelines of the COPE.

9. Postpublication Discussions and Corrections
The postpublication discussion is available through letter to the 
editor. If any readers have a concern on any articles published, they 
can submit letter to the editor on the articles. If there founds any 
errors or mistakes in the article, it can be corrected through errata, 
corrigenda, or retraction.
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Author’s checklist

☐  Submit manuscripts as DOC or DOCX files. Double space all parts of the manuscript.

☐  Keep the Abstract, if required, within the word limits.

☐  Include institutional review board approval, informed consent, and/or animal care committee approval for an a clinical  
research.

☐  Do not embed figures in the main body or mix figures or tables with the text.

☐  Digital figures must be at least 300 dpi and a minimum of 10 cm to a maximum of 15 cm in width and height. Use JPG/JPEG 
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