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Introduction

Posterior screwing with interbody fusion is commonly performed 
for the treatment of many different spine pathologies. Despite im-
mediate and strong fixation, as well as a relatively few device-relat-
ed complications, screw fixation for the purpose of bone fusion in 
the soteopenic or osteoporotic spine still remains a challenge [1,2]. 
A typical complication of pedicle screw fixation is screw loosening 
and the estimated rate ranges from 0.8% to 27%, and the incidence 
rate increases rapidly in cases of severe osteoporotic spine [3,4].

In cases of symptomatic pedicle screw loosening unfortunately, 

Objective: The aim of this study was to evaluate the feasibility and safety of screw reimplantation via a different trajectory as a mini-
mally invasive alternative to extensive open surgery for symptomatic low-grade screw loosening. 
Methods: Among patients who underwent single-level posterior lumbar interbody fusion and percutaneous screw fixation, a consecu-
tive series of 10 patients in whom percutaneous screw reimplantation was performed via a different trajectory due to pedicle screw 
loosening were included in this study. Pedicle screw loosening was deemed clinically relevant in cases of continuous back pain with 
radiolucent halo zones at a vertebral level. All patients were treated via a posterior approach with removal of the loosened screws and 
augmentation of the allograft bone chips, followed by reimplantation with a different downward and medial trajectory using a larg-
er-diameter screw. Demographic, preoperative, and postoperative data were collected and analyzed. 
Results: The loosened screws could be removed without difficulty, and reimplantation was successfully performed via a new trajectory 
with larger screws in all patients. All patients reported significant pain relief at the final follow-up. Moreover, no severe complications, 
such as wound infection or repeated screw loosening, were observed during the follow-up period. 
Conclusion: Percutaneous reimplantation of screws via a different trajectory for pedicle screw loosening with larger screws can be 
safely attempted in selected patients to relieve pain and avoid extensive long-level screw fixation.

Keywords: Pedicle; Loosening; Trajectory

Percutaneous implantation of pedicle screws via a different trajectory: a 
minimally invasive surgical option for screw loosening in osteopenic or 
osteoporotic conditions
Kyoung Hwan Yoo, Pius Kim, Chang Il Ju, Seok Won Kim

Department of Neurosurgery, Chosun University College of Medicine, Gwangju, Korea 

Received: February 3, 2021 Accepted: February 15, 2021 
Corresponding Author: Seok Won Kim, MD
Department of Neurosurgery, Chosun University College of Medicine, 365 
Pilmun-daero, Dong-gu, Gwangju 61453, Korea 
E-mail: chosunns@chosun.ac.kr

Clinical Article
pISSN 1738-981X

J Korean Soc Geriatr Neurosurg 2021;17(1):1-6
https://doi.org/10.51638/jksgn.2021.00017

few treatment options exist. The typical treatment is extensive 
open surgery with hard ware revision such as extended fusion level 
and multisegmental screw fixation.

Recently, due to the reluctance of the surgeon for extensive revi-
sion surgery, minimally invasive cement augmentation using poly-
methylmethacrylate (PMMA) to treat cases of clinically relevant 
pedicle screw loosening has been reported [5,6]. However, as far as 
the authors’ knowledge, cement augmentation has not been prov-
en as the definitive method of alleviating pain resulting from screw 
loosening. Moreover, screw loosening because of bone resorption 
around implants can be caused by spinal infections, which can be a 
contraindication for PMMA augmentation [7].

The aim of this study was to assess the results of percutaneous 
reimplantation of pedicle screws via a different trajectory for clini-
cally relevant screw loosening, which is usually requires extensive 
revision surgery with multisegmental screw fixation.

Copyright © 2021 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

This study was approved by the Institutional Review Bord of 
Chosun University Hospital (IRB No: 2020-01-007-006) which 
waved the requirement for informed consent due to the respective 
nature of study. 

We obtained and analyzed the records of 10 consecutive patients 
with symptomatic pedicle screw loosening who had undergone 
percutaneous reimplantation of screws from June 2015 to July 
2018. 

These patients had undergone previous single-level lumbar in-
terbody fusion and percutaneous screw fixation for degenerative 
lumbar spine diseases, complicated by symptomatic pedicle screw 
loosening. The surgical inclusion criteria were as follows: (1) de-
velopment of continuous para-midline back pain resistant to con-
servative treatments after posterior lumbar interbody fusion 
(PLIF) surgery; (2) typical finding of radiolucent halo zones 
around the screws at a vertebral level on both plain radiography 
and computed tomography (CT); and (3) screw loosening with-
out a prominent screw back-out or strip which needed extensive 
open surgery. Patients with significant coagulopathy or prominent 
spondylitis with marked level of elevated infection markers at the 
time at previous lumbar interbody fusion were excluded. 

Demographic data of the 10 patients were obtained and ana-
lyzed for their age, sex, preoperative diagnosis, bone mineral densi-
ty, and modified MacNab’s criteria at final follow-up (Table 1). 
The patients underwent percutaneous reimplantation of screws 
via a different trajectory with larger-diameter screws. Follow-up 
was performed clinically and radiologically 1, 2, 3, 6 months after 
surgery and at final follow-up with a clinical visit and using stand-
ing plain radiographic films.

Surgical technique
Under general anesthesia, the patient was placed in the prone posi-

tion. A paraspinal longitudinal skin incision was made at the site of 
previous percutaneous screw fixation. Subsequently, the wound  
was dissected, and the loosened screws and rods were removed  
(Fig. 1A), most of which did not require much effort. Soft tissues in 
the previous screw fixation site were dissected, and massive irrigation 
was performed. The tract was palpated with a straight probe to iden-
tify the pedicle wall; allograft bone chips were used to fill the tract of 

Table 1. Demographic characteristics of the patients

Case Age (yr) /sex Level BMD (mean) Time until revision surgery (mo) Follow-up (mo) Remarks Modified MacNab’s criteria
1 68/M L4–5 –2.9 5 12 Local infection E
2 66/M L4–5 –3.0 10 14 Local infection E
3 73/F L4–5 –2.4 17 10 - G
4 58/M L4–5 –2.4 9 10 - E
5 72/M L4–5 –3.2 8 11 - E
6 60/F L3–4 –3.9 10 12 - E
7 62/M L4–5 –4.0 8 9 - E
8 76/M L4–5 –3.0 11 12 - F
9 59/F L4–5 –2.0 13 12 - G
10 67/M L5–S1 –2.9 8 10 DM, H/T E

BMD, bone mineral densitometry; E, excellent; G, good; F, fair; DM, diabetes mellitus; H/T, hypertension.

Fig. 1. Schematic illustrations of percutaneous reimplantation via 
a different trajectory for pedicle screw loosening. (A) The previous-
ly loosened screw is removed. (B) Allograft bone chips are packed 
into the space from which the previous screw was removed. (C, 
D) A new trajectory is targeted from a relatively lateral direction 
to the medial and cephalad directions and finally to the caudal 
direction. (E, F) A longer, thicker permanent screw is inserted.
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the removed screw to the maximum possible level (Fig. 1B). 
The new screw entry point was generally superior to the previ-

ous screw insertion site. The new trajectory was targeted to pass 
over the anterior three quarters of the vertebral body to the mid-
line, crossing the course of the loosened screw at the level of the 
posterior wall and running obliquely from the lateral direction to 
the medial and cephalad directions and finally to the caudal direc-
tion (Fig. 1C, D). After guiding the new transpedicular screw to 
the new entry point, it was inserted following the new trajectory 
(Fig. 1E, F). If there was no evidence of screw loosening, allograft 
bone chips were used to fill the tract of the removed screw to the 
maximum possible level, and a new same-size screw was inserted 
following the previous trajectory. After we confirmed that the new 
screw, which had a larger diameter compared to the previous screw, 
was successfully inserted in place, the operative wound was closed 
in layers with Vicryl sutures using an auto-stapler (Figs. 2 and 3).  

Safety and outcome measurement
Patients were evaluated during the follow-up period using the visu-

Fig. 2. A 73-year-old female who underwent L4–5 lumbar interbody fusion 17 months earlier. (A, B) Simple anteroposterior and lateral 
radiographs show radiolucent halos around both L5 pedicle screws (arrows). (C) Coronal computed tomography reveals loosening of both 
L5 screws (arrows). (D, E) Postoperative simple anteroposterior and lateral radiographs obtained 6 months after revision surgery show ad-
equate repositioning of the screws.

ED

CBA

al analogue scale (VAS) and with the modified MacNab’s criteria 
for characterizing clinical outcomes of spinal surgery at the final 
follow-up. The paired t-test was used for comparisons at different 
time points, and differences were considered statistically signifi-
cant at P < 0.05. 

Results

A total of 10 patients (7 males and 3 females) underwent percuta-
neous reimplantation of larger screws via a different trajectory. All 
patients had newly developed back pain after a period of pain relief, 
and the mean revision time was 9.9 months from previous PLIF 
surgery. 

The mean age of the patients was 66.1 years (range, 58–76 
years), and the mean follow-up period was 11.2 months (range, 
6–14 months). Table 1 presents the demographics of all study par-
ticipants. All patients had osteopenia or osteoporosis. Screws could 
be inserted via a new trajectory in all patients. 

At the final follow-up after the revision surgery, nine patients 
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(90%) showed excellent or good outcomes based on the modified 
MacNab’s criteria. Before revision surgery, the mean pain score on 
VAS was 6.9, which decreased to 3.1 at the final follow-up 
(P < 0.05). No loosened or stripped screws were observed in any 
study participant, and no patient required extensive open surgery.

Discussion

Pedicle screw fixation is an essential technique for spinal fusion 
surgery. It is widely used, because it provides immediate and strong 
fixation. However, it often results in complications and symptom-
atic screw loosening is one of these complications. Pedicle screw 
loosening is the main cause of morbidity in patients who undergo 
spinal instrumentation surgery. It is related to altered biome chan-
ics and bone fragility [2]. 

To avoid screw loosening or implant failure, several options have 
been proposed, including adding cement augmentation and vari-
ously designed screws such as, expandable screws, bicortical 
screws, and cannulated and fenestrated screws [8]. However, when 
screw loosening or implant failure occurs, few treatment options 

exist. The typical treatment involves extensive surgery to remove 
the screws with extension of instrumentation and reinsertion of 
more pedicle screws adding cage replacement with the addition of 
allograft or other bone substitutes [9]. However, all these tech-
niques carry perioperative risks and morbidities and moreover, re-
vision surgery has an expensive cost burden. 

Extensive open revision surgery is usually particularly contrain-
dicated for elderly and fragile patients with medical comorbidities. 
Minimally invasive alternative treatment options using cement 
augmentation have recently been reported [5,6]. They applied a 
vertebral augmentation technique for pedicle screw loosening to 
activate screw oversizing and reduce screw micromobility. Cian-
foni et al. [10] also reported percutaneous cement augmentation 
for the treatment of clinically relevant screw loosening, both in 
avoidance of extensive open surgery and for pain relief without 
neurologic complications or clinically significant cement leaks. 

However, bone resorption around implants can be caused by in-
fections. In cases of clinical and radiologic suspicion of spinal infec-
tion, cement augmentation may be contraindicated. The subopti-
mal sensitivity of spine biopsies and cultures for low-grade infec-

Fig. 3. A 67-year-old male who underwent L5–S1 lumbar interbody fusion 8 months earlier. (A, B) Simple anteroposterior and lateral 
radiographs show a radiolucent halo around the right L5 pedicle screw (arrow). (C) Coronal computed tomography reveals loosening of 
the right L5 pedicle screw (arrow). (D, E) Postoperative simple anteroposterior and lateral radiographs obtained 6 months after revision 
surgery show adequate repositioning of the screws.
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tions remains a challenge in such cases [11]. Moreover, bone ce-
ment augmentation has exothermic properties and leads to fre-
quent complications, such as cement leakage, although most cases 
are of minor leakages without consequent neurologic deficits. 

Xie et al. [12] reported that augmentation of the pedicle screw 
with both PMMA and autogenous iliac bone transplant in the 
treatment of degenerative lumbar scoliosis combined with osteo-
porosis can achieve good surgical results. No significant differences 
were found between the autogenous bone chip group and the 
PMMA group with regard to all aforementioned targets, except for 
the duration of intake of oral pain medication and cost of surgery. 
Two patients showed asymptomatic cement leakage during sur-
gery in the cement augmentation group. However, harvesting of 
the autogenous iliac bone graft can be associated with significant 
morbidity. Minor complications include persistent pain, superficial 
seromas, and hematomas. Major complications include herniation 
of abdominal contents, vascular injury, neurologic injuries, and 
deep infections at the donor site. Moreover, considering that most 
patients with screw loosening are in the elderly age-group, autoge-
nous bone harvesting can be particularly traumatic. Considering 
these points, bone allografts may be an alternative to autogenous 
iliac bone as the trajectory reinforcement material. 

Some researchers have suggested using bone grafts in the screw 
trajectory to increase the strength of the pedicle screw. However, 
evidence is limited for improvement in the strength of the pedicle 
screw with use of bone grafts in the screw trajectory. Pfeifer et al. 
[13] used a milled femoral head allograft bone and a match-
stick-shaped bone for trajectory revision and found that using 
bone grafts in the screw trajectory does not improve the strength 
of the screw in the failed trajectory. Chrea et al. [14] also utilized 
allograft bone plugs for trajectory augmentation and found that 
pullout loads of an augmented screw were not significantly higher 
than those of an unaugmented screw. 

However, recently, Jia et al. [15] reported that augmentation of 
the trajectory allograft bone using small-diameter cancellous bone 
particles via a delivery tube before screw insertion can significantly 
increase the pullout strength and allowed good distribution of the 
bone at the screw-bone interface. To improve the bone grafting 
technique, we used a small allograft of cancellous bone particles 
and changed the screw trajectory using larger-diameter screws. 

In the literature, pedicle screw loosening has been associated 
with decreased pullout strength and extraction torque. It can be re-
garded as a type of instrument failure and is related to back pain 
and pseudoarthrosis [16]. 

Therefore, to prevent repeated pedicle screw loosening, we rec-
ommend meticulous screw insertion via a new trajectory, using a 
longer and thicker screw as well as augmentation of allograft bone 

particles to prevent the toggling effect. In addition, strict care of the 
spine with osteoporosis or osteopenia is essential. 

In our study, we performed removal of the loosened screws, 
checked the screw channel, and reimplanted larger screws via a 
new trajectory filled with allograft bone chips. Our technique has 
the advantage of being a minimally invasive procedure rather than 
an extensive open surgery, which is conventionally used for treat-
ing symptomatic screw loosening. It can also be applied in patients 
with low-grade local infection, which is a contraindication for ce-
ment injection. In the postoperative control at a minimum of 6 
months after surgery and at the final follow-up, none of the screws 
showed significant loosening, and significant pain reduction was 
maintained. 

However, there are some limitations to the current study. The 
main limitations are the retrospective study design, small sample 
size short term follow-up, and an intrinsically subjective definition 
of instrumentation failure. Furthermore, the subjective nature of 
self-assessment of pain may be another limitation of this study. 

Second, we focused on the screw loosening and did not evaluate 
the interbody fusion status with the status of implanted cages and 
disc space. A CT scan was not performed after surgery, we are not 
able to confirm the correct fusion status. It is necessary to perform 
a CT scan be at least two years after surgery to confirm the fusion 
status. Therefore, larger, prospective cohort analyses with long-
term follow-ups focused on bone fusion status, and biomechanical 
studies are required to provide more generalized outcome data and 
to evaluate the long-term results in terms of bone fusion. More-
over, for patients with pronounced, multilevel screw loosening, ex-
tensive open revision surgery should be considered. It is of course 
important to control osteoporosis during the follow-up period. 

The current study suggests that reimplantation of pedicle screws 
via a different trajectory using a larger-diameter screw for selected 
low-grade screw loosening can provide a well-tolerated alternative 
to extensive open surgery for select patients.
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Introduction 

Despite increases in economic status, quality of life, and sanitary 
conditions, spinal infection remains a serious problem that can be 
life-threatening. 

Spinal infection markedly reduces the quality of life because it 
can lead to pain, neurological deficits (radiculopathy, myelopathy, 
etc.), deformity and side effects due to the long-term use of antibi-
otics [1]. Furthermore, the incidence of spinal infections has in-
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creased from 5.3/100,000 people per year in 2007 to 7.4/100,000 
people per year in 2010 [2-5]. Along with increases in incidence, 
the risk factors for developing spinal infections have also increased. 
It is believed that the incidence of diseases related to the spine has 
increased and the resulting spinal procedures, intravenous drug 
use, immunocompromised patients, and the development of ra-
diologic modalities, such as magnetic resonance imaging (MRI) 
[6]. Furthermore, as we become an aging society, both the degen-
eration of the spine and related infection are expected to increase 
more and more. 

Currently, the main treatment for spinal infection is the adminis-
tration of appropriate antibiotics for pathogenic bacteria and surgi-
cal management is generally considered for neurological deficits, 
spinal instability, intractable pain, or if the infection is not con-
trolled by medical therapy [7]. In principle, surgical management 
includes debridement, lavage, drainage of the infective lesion, and 
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instrumentation, if needed. Instrumentation may be considered 
when spinal instability is present or instability is a concern after 
surgery. However, there is a variety of opinions concerning instru-
mentation for spinal infections because of the risk that instrumen-
tation itself may become another focus of infection, leading to an 
extension of the surgical field and/or an increase in the surgical 
time. Some authors have stated that it is better not to insert instru-
ments, even if surgical management is chosen as the treatment mo-
dality [8,9]. Other authors reported that surgical instrumentation 
can be covered with bacterial biofilm, so postoperative antibiotics 
don’t work on the infective lesion effectively [10,11]. Other au-
thors have reported that surgical instrumentation improved post-
operative instability and did not increase the recurrence rate of spi-
nal infections [12-16]. Actually, study of elderly patients is rarely 
done and there is no definitive clinical consensus on the use of in-
strumentation for spinal infections. 

Therefore, we performed a retrospective study of operative cases 
of elderly patients with spinal infections in our hospital to evaluate 
the effectiveness, safety, and prognosis (including recurrence of in-
fection), etc., associated with the use of instrumentation. We be-
lieve that our review and conclusions will be helpful in therapeutic 
decisions to use instrumentation in elderly patients. 

Material and Method 

Patient selection 
This retrospective study was conducted on patients (age > 65 
years) who underwent surgical treatment for spinal infections at 
our hospital from January 2012 to December 2019. Surgery was 
performed if antibiotic treatment failed. Among them, if there was 
a marked deformity, severe motion tenderness, or massive debride-
ment for removal of infected tissue, additional instrumentation 
was performed. All patients were admitted by a single neurosur-
geon and consulted by a single infectious disease physician. After 
surgery, they had a follow-up period of at least 12 months and clin-
ical symptoms were assessed and serial laboratory tests, imaging, 
and physical examinations were performed. Patients with infec-
tions within 1 month of surgery and those with tuberculosis infec-
tions were excluded from the study. Due to retrospective design, 
this study does not require informed consent or the Institutional 
Review Board’s approval. 

Patient and clinical assessment 
Age, sex, neurological status, visual analogue score (VAS), and 
C-reactive protein (CRP) value were evaluated retrospectively. 
Neurological status was assessed preoperatively and postoperative-
ly until the last follow-up using the manual muscle test. A motor 

power grade 0 represented complete paralysis and grade 5 repre-
sented normal power with a full range of motion against gravity 
and full resistance. 

Imaging study 
Evaluations were made by plain radiography (X-ray), computed 
tomography, and MRI. Specifically, MRI was used to confirm the 
spinal infective lesion causing neurological symptoms and to de-
termine the level of surgical management. After surgery, X-ray was 
used periodically to diagnose postoperative kyphotic change and 
instability. 

Surgical procedures 
Surgery was performed if an antibiotic therapy failed or the pa-
tients had a neurologic deficit, intractable pain, or deformity. If a 
patient had a marked deformity, extensive removal of bone, spinal 
instability, or intractable axial pain, pedicle screw fixation was addi-
tionally performed for mechanical support (Fig. 1). The term in-
strumentation in this article means only screw fixation (Fig. 1). 
The operations were performed by a single surgeon. 

Statistical analysis 
The chi-square test was used for the analysis of categorical vari-
ables and the t-test for continuous variables. A P < 0.05 was consid-
ered statistically significant. Statistical analysis was performed us-
ing IBM SPSS ver. 23.0 (IBM Corp., Armonk, NY, USA). 

Results 

In total, 35 patients were enrolled in this study. Among them, 19 
patients (54.29%) underwent decompression with instrumenta-
tion (group 1). A total of 16 patients (45.71%) underwent decom-
pression only (group 2). There were 16 male and 19 female pa-
tients and their ages ranged from 66 to 80 years with a mean age of 
71.63 years in group 1 and 71.13 years in group 2. The characteris-
tics of the enrolled patients are summarized in Table 1. 

A total of 19 patients had various past histories. Eleven patients 
(31.43%; six in group 1 and five in group 2) had diabetes mellitus. 
Nineteen patients (57.14%; nine in group 1 and 10 in group 2) 
had a history of invasive pain procedures, including epidural block, 
acupuncture, and percutaneous epidural neuroplasty. Before the 
surgery, the most frequent symptoms were pain, such as tender-
ness or radiculopathy and was reported by 16 patients (84.21%) in 
group 1 and all in group 2. The VAS score decreased from 5.96 to 
1.79 in group 1 and 7.06 to 2.38 in group 2 seven days after the op-
eration. The differences were not statistically significant (Table 1). 

Motor weakness due to an epidural abscess or destructed bone 
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Fig. 1. (A, B) Magnetic resonance imaging of a patient with pyogenic spondylodiscitis with epidural abscess and a postoperative X-ray 
after decompression, irrigation, and pedicle screw fixation. Infected tissue and an abscess were observed below L5. (C, D) We performed 
decompressive laminectomy, irrigation, and pedicle screw fixation.

Table 1. Patient characteristics and clinical manifestations

Characteristics Group 1  
(n=19)

Group 2  
(n=16) P-value

Sex
 Male 9 7 0.830
 Female 10 9
Mean age (yr) 71.63 71.13 0.744
Comorbidity
 Diabetes mellitus 6 5 0.983
 Malignancy 1 1 1
 None 11 9 0.922
Infected level 0.015*
 Cervical spine 1 0
 Cervicothoracic spine 1 2
 Thoracic spine 10 1
 Thoracolumbar spine 0 1
 Lumbar spine 8 10
 Lumbosacral spine 0 4
Symptoms
 Fever 6 8 0.268
 Pain 16 16 0.096
 Motor weakness 13 9 0.458
Prior procedure
 Pain block 5 8 0.149
 Acupuncture 3 2 1
 Spinal anesthesia 1 0 1
 Percutaneous epidural neuroplasty 2 2 1
 Vertebroplasty 0 2 0.202
 Laminectomy 0 0 -
 Fusion 0 0 -
 None 10 6 0.371
Visual analogue scale of pain
 Preoperative 5.96 7.06 0.187
 Seven days postoperatively 1.79 2.38 0.112
 Difference 4.16 4.69 0.573

*P<0.05, statistically significant.

was seen in 13 patients (68.42%) in group 1 and nine patients 
(56.25%) in group 2. Ten patients (52.63%) in group 1 had tho-
racic infections, the most frequently infected site, whereas 10 pa-
tients (62.5%) in group 2 had lumbar infections. The difference 
between the two groups was statistically significant (P = 0.015). 

The mean duration of the normalized CRP after surgery was 
66.58 days (range, 8–233 days) in group 1 and 98.06 days (range, 
12–648 days) in group 2. Until normalization, CRP was measured 
through outpatient department as well as hospitalization. In 17 
cases (48.57%), bacteria were identified. The most common bac-
teria were methicillin-resistant Staphylococcus aureus, in seven 
cases (41.18%; two in group 1 and five in group 2), followed by 
methicillin-sensitive Staphylococcus aureus in five cases (29.41%; 
two in group 1 and three in group 2). Before the bacterial identifi-
cation and antimicrobial sensitivity tests, all patients were given in-
travenous antibiotics. The mean duration of intravenous antibiotic 
administration was 38.21 days (range, 10–208 days) in group 1 
and 34.13 days (range, 11–76 days) in group 2 and the mean dura-
tion of oral antibiotics administered after the discontinuation of 
intravenous antibiotics was 147.21 days (range, 1–467 days) in 
group 1 and 149.63 days (range, 7–433 days) in group 2. The 
above values were not significantly different between the two 
groups and are summarized in Table 2. 

The mean duration of hospitalization after surgery was 34.26 
days (range, 12–81 days) in group 1 and 46.50 days (range, 13–180 
days) in group 2. The mean period from surgery to ambulation 
was 6.21 days (range, 1–23 days) in group 1 and 12.56 days (range, 
2–34 days) in group 2 (P = 0.049). The patients with instrumenta-
tion could get ambulate earlier than non-instrumented patients 
and the difference was statistically significant (Table 2). 

The mean operation time was 209.47 minutes (range, 120–395 
minutes) in group 1 and 140 minutes (range, 70–225 minutes) in 
group 2 (P = 0.007). The mean blood loss during surgery was 
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426.32 mL (range, 50–1,000 mL) in group 1 and 305.63 mL 
(range, 20–500 mL) in group 2. Three patients (one in group 1 
and two in group 2) suffered from ileus after surgery. 

Discussion 

The principal treatment for spinal infection has been relatively well 
established. The administration of appropriate antibiotics and sur-
gery, including irrigation, decompression, or fusion, if needed, are 
the chief treatments [1]. Surgical treatment is considered for pa-
tients with neurologic deficits, intractable pain, or unresponsive-
ness to medical treatment. The authors also treated patients with 
spinal infection, according to this principle. Even before that, such 
studies about instrumentation for spinal infection have often been 
reported about its efficacy, effectiveness, and safety. This study was 
done on elderly patients and, in that sense, we think this study is 
very meaningful.  

In our results, instrumentation was performed in lumbar lesions 
more frequently than in thoracic or cervical lesions (P < 0.05). 
Though the sample size of thoracic and cervical lesions was too 
small for adequate comparisons, the authors thought that it was 
due to the original hyper-movable characteristic of the lumbar 
spine. However, unlike our results, Baek et al. [17] reported that 
instrumentation for spinal infection was more frequently per-
formed in thoracic or cervical lesions than in lumbar lesions. Spe-
cifically, if there were more than three involved levels, they report-
ed that decompression alone was more frequent in lumbar or lum-
bosacral lesions. Because the treatment of spinal infection varies 
with the individual, further evaluation of this subject is needed. 

In all cases of both groups, spinal infection eventually healed. 
Moreover, refractory fever or septic shock from systemic infection 
was controlled within three days after surgery. We think that it 
would not be from instrumentation, but from irrigation and de-
bridement of infected tissue. Some authors who oppose instru-
mentation to infected bone have argued that instruments form a 
microbial film on the surface of the instrument. This biofilm can 
cause and maintain inflammation at the surgical site and cause in-
fection to recur [18,19]. Nevertheless, in our study, there was no 
statistical difference in the CRP-normalization time between the 
patients who had decompression with instrumentation placement 
and the decompression-only patients. Spinal infection recurred in 
one patient in group 1 and five patients in group 2. The recurrence 
rate was lower in the instrumented group and the result was statis-
tically significant (P = 0.042). Regarding infection treatment, the 
use of instrumentation for spinal infection was not inferior to irri-
gation and debridement alone for the treatment of spinal infection. 

Whether instrumented or not, the duration of both intravenous 
and oral antibiotics administration, the time to normalization of 
CRP, and the duration of hospital stays after surgery were not sta-
tistically significant. Many previous studies have reported on the 
efficacy and safety of instrumentation. However, most of the stud-
ies were done regardless of age. Our results for the elderly patients 
are also consistent with those studies [12-16,20-22]. The tendency 
toward efficacy and safety of instrumentation seen in the elderly 
patients in this study will be more supported and augmented by 
emerging techniques, such as antibiotics-coating and drug-delivery 
system [23,24]. The authors measured postoperative pain seven 
days after surgery. Whether instrumented or not, patient’s pain im-

Table 2. Postoperative results

Variable Group 1 (n=19) Group 2 (n=16) P-value
C-reactive protein
 Preoperative (mg/dL) 12.92 13.02 0.972
 Mean duration of normalized CRP after operation (day) 66.58 98.06 0.417
Organism
 Methicillin-resistant Staphylococcus aureus 2 5
 Methicillin-sensitive Staphylococcus aureus 2 3
 Miscellaneous 3 2
 No growth 12 6
Mean duration of intravenous antibiotics after operation (day) 38.21 34.13 0.741
Mean duration of oral antibiotics after intravenous antibiotics (day) 147.21 149.63 0.951
Mean duration of hospitalization after operation (day) 34.26 46.5 0.267
Mean period from operation to ambulation (day) 6.21 12.56 0.049*
Operation time (min) 209.47 140 0.007*
Blood loss during operation (mL) 426.32 305.63 0.116
Recurrence 1 5 0.042*

*P<0.05, statistically significant.
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proved after surgery. Interestingly, the instrumented patients start-
ed ambulatory rehabilitation more quickly than the un-instru-
mented patients. Patients who underwent decompression only 
could not begin ambulatory rehabilitation until the pain improved. 
This is due to the excellent effect of instrumentation just after op-
eration and that could encourage the patient to rehabilitation 
quickly. The disadvantage of prolonged bed rest and the advan-
tage of rehabilitation with early ambulation have been made ob-
vious by several studies, especially in elderly patients [25-27]. Al-
though postoperative pain improved equally in both groups, if 
the immediate postoperative pain was improved enough to allow 
early ambulation for rehabilitation, the authors believe that in-
strumentation for spinal infection is a very reasonable treatment 
option. 

The operative time in group 1 was longer than in group 2 be-
cause the instrumentation procedure was added. In our study, 
since it could not be determined whether perioperative complica-
tions resulted from prolonged surgical times, the prolonged surgi-
cal time was not considered to lead to postoperative complications. 
With such reason, three patients suffered from postoperative ileus. 

Before the 2000s, several reports suggested the combination of 
autologous bone graft, debridement, and massive irrigation with-
out instrumentation as the optimal surgical therapy for pyogenic 
spinal infection [28-31]. However, recently, surgical treatment 
with instrumentation for pyogenic spinal infection has been widely 
attempted and many authors have reported its acceptance as a 
therapeutic alternative [12-16,20-22,32-34]. When treating spinal 
infection with surgery, the author used instrumentation to reduce, 
not only motion tenderness from instability but also the risk of de-
formity progression. Although the sample size of both groups was 
small, our results demonstrated that instrumentation for spinal in-
fection was not inferior to irrigation and debridement alone for the 
treatment of spinal infection. 

Conclusion 

In elderly patients, not only spinal infection, but also surgery for it 
can be said to be a challenge for the physician. Instrumentation to 
elderly patients did not increase the recurrence of infection with-
out significant complications in this study. We believe that early 
ambulation and rehabilitation are very helpful in preventing com-
plications in elderly patients who have undergone spinal instru-
mentation surgery. Decompression with instrumentation is a rea-
sonable and effective option in managing spinal infection in elderly 
patients.  
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Introduction

Pial arteriovenous fistula (AVF) is a rare cerebrovascular malfor-
mation. Intracranial pial AVFs have single or multiple arterial con-
nections to a single venous channel. Pial AVFs differ from brain ar-
teriovenous malformations in that they lack a true nidus. Pial AVFs 
differ from dural AVFs in that they derive their arterial supply from 
pial or cortical arteries that are not located within the dura mater. 
Because pial AVF has a poor natural history, clinical consideration 
of pial AVF followed by prompt appropriate treatment is import-
ant. We report a rare case of a 67-year-old male with intracranial 
hematoma caused by pial AVF along with a review of the literature. 

Case Report

A 67-year-old male with a history of alcoholic liver cirrhosis 
(Child-Pugh A) with esophageal varix presented to the emergency 

Pial arteriovenous fistula (AVF) is a rare cerebrovascular malformation. According to a series reported by Halbach, pial AVF accounts 
for 1.6% of all intracranial vascular malformations. Herein, we report a rare case of pial AVF in a 67-year-old male on medication for 
alcoholic liver cirrhosis (Child-Pugh A) with esophageal varix, who presented with left-side motor weakness and mental fogginess. 
Digital subtraction angiography revealed contrast leakage in the left internal carotid artery and confirmed pial AVF. After angiography, 
brain computed tomography confirmed contrast leakage due to a ruptured fistulous point. Therefore, a Guglielmi detachable coil was 
placed and Onyx embolization to the fistula point was performed. In the present report, we describe this rare case and provide a re-
view of the literature.
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department with left-side motor weakness and mental cloudiness. 
He had been treated with conservative therapy at our hospital for 
alcoholic liver cirrhosis with esophageal varix. His past history in-
cluded two surgical procedures for esophageal varices. Five hours 
before admission to our hospital, he was found unconscious in 
bed. The initial neurological examination revealed that he was in a 
drowsy state (Glasgow Coma Scale was E3M4V6) and left hemi-
paresis was noted. The platelet count was as low as 43,000, but co-
agulation factors were in the normal range. The lab values for liver 
function test were above the normal range (total bilirubin, 1.96 
mg/dL; serum glutamic-pyruvic transaminase, 42.5 U/L; serum 
glutamic-oxaloacetic transaminase, 194.3 U/L). There was no his-
tory of head trauma or head injury. Brain computed tomography 
(CT) revealed the presence of an acute intracranial hematoma in 
the right medial frontal lobe with a significant mass effect (Fig. 1). 
The bleeding point was located just distal to the vein of the fistu-
lous point (Fig. 1, 2A). Digital subtraction angiography (DSA) 
showed fistulous communication from the callosomarginal artery 
feeder draining into the vein with no intervening nidus (Fig. 2A). 
Under the diagnosis of pial AVF, Guglielmi detachable coil (GDC) 
and Onyx embolization was performed. On postoperative DSA, 
the artery was well obliterated, and complete disconnection of the 
fistula was demonstrated (Fig. 2B). Surgical evacuation of hemato-
ma was not performed after endovascular embolization. He had a 

Copyright © 2021 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.



high bleeding tendency due to underlying liver cirrhosis and de-
creased platelets at the time of admission. The patient recovered 
slowly, and after 1 month of rehabilitation (Fig. 3), he was able to 
return home with no focal neurological deficit, and he has been ca-
pable of performing day-to-day living activities ever since. This study 
was approved by the Institutional Review Board (IRB) of Chosun 
University Hospital (IRB No: CHOSUN 2020-12-062). The patient 
provided written informed consent for publication of clinical details.

Fig. 1. Computed tomography angiography showing an acute intracranial hematoma in the right medial frontal lobe and contrast leak-
age (A,B) (arrow) and drained into the vein (C,D).

Fig. 2. (A) Digital subtraction angiography (DSA). Anterioposte-
rior (left) and lateral (right) views from the arterial phase to the 
venous phase showing that the fistulous point (circle) was fed by 
the callosomarginal artery (arrowhead) and drained into the vein 
(arrow). (B) Postoperative DSA image showing excision of the pial 
arteriovenous fistula.

Fig. 3. Follow-up computed tomography (CT) scans of the brain 
taken 1 month (A) and 1 year (B) after the patient’s presentation 
to the emergency department. CT shows a resolved hematoma in 
the right medial frontal lobe.
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Discussion

Pial AVF accounts for 1.6% of intracranial vascular malformations 
and has a poor natural history [1,2]. Intracranial pial AVFs com-
prise a single venous channel in communication with one or more 
arterial connections from the pial or cortical arteries, and they lack 
a true intervening nidus, unlike cerebral arteriovenous malforma-
tions. 

Pial AVFs can be congenital or result from a traumatic injury. 
Little is known about their pathophysiological mechanisms. Ab-
normal angiogenesis may play a role in the formation of pial AVFs 
[3]. Patients with pial AVFs usually present with headache, hemor-
rhage, seizure, or neurological deficits. Turbulence and increased 
pressure within draining veins may lead to the formation of giant 
varices. These dilated venous channels can exert a significant mass 
effect, compressing adjacent structures and impairing the cerebro-
spinal fluid pathway. Neurological deficits are often caused by the 
mass effect of the varix or by cerebral venous congestion and isch-
emia [4].

The patient in this study is currently on medication for alcoholic 
liver cirrhosis with esophageal varices and underwent two surgical 
procedures for esophageal varices. The patient presented with left-
side motor weakness and mental cloudiness. Intracranial hemor-
rhage was observed on brain CT, and pial AVF was confirmed us-
ing DSA. It is possible that liver disease predisposes to both intra-
cranial hemorrhage and thrombosis via a disordered and unstable 
coagulation system, as some studies have found an association be-
tween cirrhotic liver disease and venous thromboembolism [5,6]. 
If venous hypertension persists due to thrombosis, this could be 
another clue to the pathogenic mechanism. Because AVF patients 
with liver cirrhosis have a high probability of intracranial hemor-
rhage and infarction, active evaluation and treatment are required. 

Venous varices commonly associated with AVFs are produced 
by the high turbulent flow caused by arteriovenous shunting. 
Shunt disconnection can be accomplished surgically or endovas-
cularly [7,8]. In our case, GDC and Onyx embolization were per-
formed. On postoperative DSA, the artery was well obliterated, 
and complete disconnection of the fistula was demonstrated.

Conclusion

Although pial AVF is usually asymptomatic, it may cause severe 
hemorrhage and neurological deficits that require endovascular 
and surgical treatment, especially in patients with liver problems. 
Because pial AVFs have a poor natural history and relatively good 
clinical outcome with prompt treatment, it is important to estab-

lish a clinical diagnosis. Once the diagnosis has been made, a neu-
rosurgical and neuroendovascular team should determine the 
most appropriate treatment modality.
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Introduction

Cavernous hemangioma accounts for 5% to 12% of all spinal vas-
cular anomalies [1] and mainly occur in the vertebral body. There-
fore, intradural extramedullary cavernous hemangioma are rare 
compared with vertebral body, epidural, and intramedullary cav-
ernous hemangioma [2], with hemorrhagic transformation being 
very rare. Hemorrhagic transformation exacerbates the patient’s 
neurological symptoms. In our case, the patient had a sudden neu-
rological deterioration. Here, we report a case of hemorrhagic 
transformation of cavernous hemangioma presenting with sudden 
paraplegia, and have added the pertinent literature review.

Case Report

A 57-year-old male with a week-long low back pain and right radi-

Cavernous hemangioma in the spine is rare, and the occurrence of intradural extramedullary cavernous hemangioma is particularly 
infrequent. A 57-year-old male patient visited the emergency room with suddenly worsening neurological symptoms. Computed to-
mography at the T10–11 levels showed a round isodense mass lesion, and magnetic resonance imaging showed a 1.2-cm oval intradu-
ral extramedullary mass. Therefore, the diagnosis of an intradural extramedullary tumor was suspected. Active subdural hemorrhage 
was seen when the dura was opened after T10–11 laminectomy. The tumor had brown and reddish colorations. The diagnosis of cav-
ernous hemangioma was made based on a pathological examination, which showed a dilated and congested vascular space lined by 
endothelial cells. Hemorrhagic transformation of a cavernous hemangioma can worsen a patient’s condition. Therefore, before surgery, 
we should consider the possibility of other tumors, such as cavernous hemangiomas, as well as common intradural extramedullary tu-
mors.
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ating pain had been treated at a local hospital. However, the patient 
was admitted to our emergency room, presenting with paraplegia 
that suddenly occurred 3 days prior. During physical examination, 
the motor power of the right lower extremity was at Medical Re-
search Council (MRC) grade 3. Sensory deficit was at hypoesthe-
sia below the T11 level.

Bowel and bladder function were normal, as well as the rectal 
examination results. The patient’s previous medication, medical 
history, and family history were unremarkable. Computed tomog-
raphy at the T10–11 level showed a round isodense mass lesion. 
Magnetic resonance imaging (MRI) showed 1.2-cm oval intradu-
ral extramedullary mass. The T1-weighted image exhibited an iso-
signal (Fig. 1A), whereas the T2-weighted image showed a heter-
ogenous high signal on the sagittal and axial views (Fig. 1B, 1C). 
Moreover, the contrast-enhanced T1-weighted image showed ho-
mogenous enhancement (Fig. 1D). The MRI signals of cavernous 
hemangiomas can exhibit various signals depending on the hem-
orrhage period. Therefore, we suspected a differential diagnosis of 
schwannomas and meningiomas, with high incidence. Because of 
the sudden neurological symptom, emergency surgery was per-
formed under neuromonitoring. After performing T10–11 lami-
nectomy and upon the opening of the dura, the tumor exhibited 
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active bleeding in the subdural space. The tumor showed brown 
and reddish overall coloration. An en bloc resection was subse-
quently performed (Fig. 2). After surgery, the patient improved to 
an MRC grade 4. The diagnosis of cavernous hemangioma was 
made during pathological examination, which showed dilated and 
congested vascular space lined by endothelial cells (Fig. 3).

This study was reviewed and approved by the Institutional Re-
view Board of Pusan National University Yangsan Hospital (IRB 
No. 05-2021-111). Due to its retrospective nature, the study was 
exempt from requiring informed consent from the participants.

Discussion

Spinal intradural extramedullary tumors account for two-thirds of 
all spinal tumors. Of these, 50% are meningiomas, 40% are 
schwannomas, and 10% are other tumors [3,4]. In the spine, the 
majority of cavernous hemangiomas are found in the vertebrae, 
with approximately 3% being intradural, and most of intradural 
cavernous hemangiomas being intramedullary [5]. Extramedul-
lary tumors are hence very rare, and hemorrhagic transformation 
of hemangiomas rarely cause sudden neurological symptoms. 

Hemangioma is a histological feature divided into capillary 
hemangioma and cavernous hemangioma. Cavernous hemangio-
ma is a benign vascular lesion with an irregular sinusoidal dilated 
vascular channel that has a thin collagenous wall. Moreover, it has a 
single layer of endothelium without an arterial feature, and no elas-
tic and smooth muscle fibers can be observed on the blood vessel 

Fig. 1. Magnetic resonance imaging (MRI) shows an intradural extramedullary mass with a 1.2-cm oval shape. (A) A T1-weighted image 
shows iso-signal intensity. (B, C) T2-weighted images show a heterogeneous high signal. (D) A contrast-enhanced T1-weighted image 
shows homogeneous enhancement.

BA DC

Fig. 2. Intraoperative image of the tumor. After performing lami-
nectomy at T10–11, dura opening showed active subdural hemor-
rhage. The tumor had an overall brown and reddish coloration.

walls [6–8]. In the present case, histologically cavernous hemangi-
oma was diagnosed with a dilated and congested vascular space 
lined by endothelial cells. 

In the spinal intradural extramedullary space, these tumors may 
arise from the blood vessels of the nerve roots in the cauda equina, 
the inner surface of the dura, or the pial surface of the spinal cord [5]. 
In the present case, the dura attachment site was checked  
(Fig. 4). Therefore, we thought of it as an intradural extramedul-
lary tumor. 

Intradural extramedullary cavernous hemangioma is mostly 
male dominant and occurs mainly at the thoracic level. Most clini-
cal symptoms are accompanied by back pain and exhibit radicu-
lopathy. It is also characterized by space-occupying masses, but the 
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sensitive to hemorrhage. By contrast, calcium contrast-enhanced 
images generally show low signals, but could exhibit variability 
with factors such as hemorrhage, hemosiderin, and calcification. 
Spinal intradural extramedullary cavernous hemangioma have 
been reported in 30 cases, 10 of which presented with spinal sub-
arachnoid hemorrhage [10]. In the present case, subarachnoid 
hemorrhage was not observed and acute subdural hemorrhage was 
seen instead. Jin et al. [11] reported that 25% of surgical patients 
with spinal intradural extramedullary cavernous hemangioma did 
not have improved symptoms. In the present case, total excision 
was implemented. The patient’s symptoms improved and he was 
then discharged. 

Only the surgical removal of the tumor can improve symptoms 
and prevent disease progression. Moreover, when the neurological 
symptoms worsen, surgery should be hastened. 

The present case is an unusual intradural extramedullary cavern-
ous hemangioma hemorrhage transformation, which required ac-
curate diagnosis and rapid surgery due to the sudden exacerbation 
of the patient’s neurological symptoms. However, cavernous 
hemangioma is difficult to differentiate from other tumors using 
MRI. If intradural extramedullary tumor is suspected and surgery 
is implemented, cavernous hemangioma should be considered if 
some non-specific signal appears in the MRI. Moreover, rapid 
treatment seems to have a positive impact on the patient’s future 
prognosis.
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Fig. 4. Intraoperative image. The tumor appears attached to the 
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clinical course is slow. However, due to cord compression, myelop-
athy and radiculopathy symptoms are accompanied by a progres-
sive motor and sensory deficit. In rare cases, acute hemorrhage 
may cause sudden paraplegia symptoms [2]. The present case ex-
hibited sudden symptoms of paraplegia due to an uncommon cav-
ernous hemangioma hemorrhage transformation. Nevertheless, 
the cause of this hemorrhagic transformation is yet to be deter-
mined. The most common causes of transformation are coagulop-
athies, hypertension, increased venous pressure, and vascular mal-
formation [9]. 

MRI is the gold standard for diagnosis. In the present case, me-
ningioma and schwannoma were differentially diagnosed during 
preoperative MRI. Cavernous hemangioma generally exhibit vari-
ous signals on T1- and T2-weighted images depending on blood 
flow status, calcification, and hemosiderin status. T2-weighted im-
ages show heterogeneous and hyperintense signals, and are more 
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Introduction

Spinal angiolipoma is composed of adipocyte and abnormal vas-
cular elements [1]. It has an incidence of 0.04% to 1.2% among all 
spinal axis tumors and 2% to 3% among extradural spinal tumors 
[2]. Most spinal angiolipoma are expressed at the thoracic level 
and are associated with signs of cord compression as they enlarge 
slowly, therefore, a sudden deterioration in symptoms does not oc-
cur. However, hemorrhagic transformation of angiolipoma, al-
though rare, may cause sudden worsening of neurological symp-
toms [3–5]. Unfortunately, it is difficult to differentiate these cases 
from simple hematoma. Herein, we report a case of hemorrhagic 
transformation of angiolipoma, in which we used dynamic con-
trast-enhanced magnetic resonance imaging (DCE-MRI) for the 
preoperative discrimination between the tumor and hematoma, 
and our surgical experience.

Spinal epidural angiolipoma is an uncommon benign tumor composed of vascular and fat elements. Hemorrhagic transformation of 
angiolipoma is very rare, and only a few cases have been reported. Herein, we report a very rare case of the surgical removal of an an-
giolipoma that had undergone hemorrhagic transformation. On preoperative radiological studies, it was difficult to differentiate be-
tween a simple hematoma and a mass. Dynamic contrast-enhanced magnetic resonance imaging confirmed the presence of a hyper-
vascular mass and total en bloc removal was planned. The patient underwent T3–5 laminectomy and tumor removal surgery, and his 
symptoms gradually improved.
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Case Report

A 60-year-old male suffering from back pain radiating to lower ex-
tremities bilaterally and gait disturbance for the past 6 months vis-
ited our out-patient department. Physical examination revealed 
hypoesthesia, decreased perception of pain, temperature, and fine 
touch below the level of T6, and difficulty in voiding. Muscle 
strength was 5/5 according to the medical research council grading 
system in all the muscle groups. He had a normal body mass index 
(BMI), and past clinical and family history were unremarkable. 

Sagittal T1-weighted MRI showed a lenticular-shaped mass, 5.7 
cm in size, at the T3–T5 posterior epidural space with heteroge-
neous iso-intensity to low-intensity relative to the spinal cord  
(Fig. 1A). Sagittal T2-weighted MRI showed a high-intensity le-
sion (Fig. 1B), whereas sagittal T1 post-contrast MRI showed per-
sistent hyperenhancement (Fig. 1C). Based on these findings, epi-
dural hematoma was first suspected. DCE-MRI was performed af-
terwards, and its findings pointed toward the presence of a menin-
gioma or angiolipoma. 

Total surgical resection of the mass was planned. We performed 
total laminectomy at the level of T3 to T5 with gross total resec-
tion. A large firm highly vascular yellowish-brown mass receiving 
blood supply from many epidural vessels was found with a small 
hematoma at the T3–T5 posterior epidural space. The yellowish 
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fat layer was clearly demarcated from the dura. The epidural vessels 
appeared to arise from the lateral side. During tumor resection, a 
large amount of bleeding occurred; therefore, piecemeal removal 
was performed. In addition, no infiltration of bone or surrounding 
tissues was observed (Fig. 2). Neurophysiological monitoring was 
performed during the operation and no specific findings were seen. 
Pathological analysis of frozen biopsy measuring 1.4 ×  1.0 cm in 
size showed mature and immature fatty tissue measuring 1.4 g in 
weight, whereas analysis of the biopsy measuring 2.6 ×  2.1 ×  0.3 
cm in size revealed the presence of fat and capillary-sized vessels, 
which confirmed the diagnosis of angiolipoma (Fig. 3). 

The patient’s symptoms improved after the operation. However, 
antibiotics were administered for 16 days due to high C-reactive 
protein (CRP) levels and the patient was discharged after the dis-
continuation of antibiotics when the CRP level returned to nor-
mal. Three months after the operation, MRI follow-up was per-
formed and there was no recurrence (Fig. 4).

This study was approved by the Institutional Review Board of 
Pusan National University Yangsan Hospital (IRB No: 05-2021-
110). Written informed consent by the patients was waived due to 
a retrospective nature of our study.

Discussion

The basic etiology of angiolipoma has not been elucidated yet [6]. 

Fig. 2. Intraoperative tumor image. Total laminectomy was per-
formed from T3 to T5. We found a huge (6 cm) and firm yellow-
ish-brown mass that covered numerous epidural vessels, with a 
small hematoma in the posterior epidural area from T3 to T5.

Fig. 1. Magnetic resonance imaging (MRI). (A) A sagittal T1-weighted MRI image shows a 5.7-cm, lenticular-shaped mass lesion in the 
posterior epidural space at the T3–T5 level with heterogeneous iso-intensity and low-intensity compared with the spinal cord. (B) Sagit-
tal T2-weighted MRI shows a high signal intensity. (C) Sagittal T1 post-contrast MRI shows persistent hyperenhancement.

B CA

It is a disease that mainly occurs in the subcutaneous tissue of the 
trunk and limbs. It rarely involves the spinal cord, and occurs main-
ly on the dorsal aspect of the thoracic levels. However, some stud-
ies have suggested that angiolipoma develops as a result of pluripo-
tent mesenchymal stem cells with secretory activity, and malignant 
transformation and involvement of neural tissue has not yet been 
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which may lead to the proliferation of angiolipoma [9]. 
Extradural spinal angiolipoma was first observed on autopsy in 

1890. Pathological reports were first published by Howard in 1960 
[7]. 

Pathological features include fat and vessels in a ratio of 1:3 to 
2:3 and consist of mature fat cells, and abnormal capillary, sinusoi-
dal, venous, or arterial vascular tissues [10]. Pathologically, lesions 
with copious smooth muscle proliferation are subclassified as angi-
omyolipoma [11]. The tumor resected in the present case was 
composed of adipocyte and capillary-sized vessels. It was not sig-
nificantly different from other angiolipomas (Fig. 3). 

Plain radiography is the most basic investigation that can be per-
formed initially; but its ability to detect the tumors is limited. 
However, infiltrating tumors may show erosion of the pedicle, wid-
ening of the spinal canal, and trabeculation of the vertebral body 
on X-ray [11,12]. There was no abnormal X-ray finding in the 
present case. 

On computed tomography (CT), spinal angiolipoma generally 
shows low or intermediate-density. On contrast-enhanced CT, an-
giolipoma appears hypodense, whereas some tumors have an 
isodense appearance, which is related to the rich and extensive vas-
cularity [13]. In this case, CT scan showed a lenticular shaped 
mass with heterogeneous isodensity at T3–T5 posterior epidural 
space. 

MRI is the gold standard for the diagnosis of spinal angiolipoma 
[14]. Spinal angiolipoma usually appears homogenous and hy-
pointense on T1-weighted images due to the fat content. On 
T2-weighted images, it can show a variable pattern, but it is mostly 
hyperintense. In this case, heterogeneous, iso and low-intensity 
signals were seen on MRI T1-weighted images and heterogeneous 
and high-intensity signals were seen on T2-weighted images. 
Therefore, hematoma was suspected. An additional investigation 
(DCE-MRI) was also performed. Gadolinium is injected in DCE-
MRI to obtain vascularization and perfusion data by analyzing the 
tissue changes. This is useful for the diagnosis and treatment of the 
brain and breast tumors. When DCE-MRI of the spine is per-
formed, the vascularity, perfusion, and capillary permeability of 
the tumor can be analyzed [15,16]. In this case, DCE-MRI 
showed high vascularity with early and persistent hyperenhance-
ment of the tumor (Fig. 5). Angiography can also be used for the 
diagnosis and treatment of some spinal angiolipomas. Resection of 
a highly vascularized spinal angiolipoma that appears hypointense 
on the T1-weighted images may be facilitated by embolization be-
fore surgery [10]. 

Symptoms of spinal angiolipoma vary according to the tumor 
location and its compression of the surrounding structures. Most 
sensory and motor deficits occur below the level of the lesion, 

Fig. 3. Pathologic examination. Biopsy-obtained permanent tissue 
specimen weighing 1.4 g and measuring 2.6 × 2.1 × 0.3 cm, con-
sisting of fat and capillary-sized vessels. The mass was diagnosed 
as an angiolipoma (H&E, ×100).

Fig. 4. Follow-up magnetic resonance imaging. Three months lat-
er, follow-up was performed and there was no recurrence.

reported [7]. Angiolipoma occurs predominantly in women and 
obese people, and is more likely to be observed in pregnant wom-
en with sudden weight gain [8]. Pregnancy interferes with spinal 
venous drainage and increases epidural venous pressure. In addi-
tion, adiposity increases due to the hormonal effects of pregnancy, 
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which is similar to the symptoms of spinal cord compression. Spi-
nal angiolipoma is characterized by slow progression, enlarging 
gradually over months, with diagnoses occurring within a year 
[17,18]. The occurrence of symptoms may be due to poor vascu-
lar drainage, which may lead to engorgement, enlargement or de-
generation of the blood vessels. The occurrence of steal phenome-
non, venous thrombosis, and hemorrhage can contribute to the 
development or sudden worsening of the symptoms [17,19,20]. 
Only a few cases have been reported in which hemorrhagic trans-
formation of angiolipoma was accompanied by the sudden exacer-
bation of the neurological symptoms. Akhaddar et al. [3] reported 
the first such case in 2008. This was a case of a 47-year-old male 
who developed sudden paresthesia and complete neurological pal-
sy within a few minutes due to the hemorrhagic epidural angioli-
poma. In 2018 Horiuchi et al. [4] reported the case of a 49-year-
old female with obesity (BMI, 31.1 kg/m2) who presented with a 
1-week history of progressively worsening back pain, paresthesia of 
the lower limbs, and gait disturbance. Surgery was performed and 
angiolipoma was diagnosed on the pathological examination after 
surgery. In 2020, an unusual case was reported in angiolipoma un-
derwent hemorrhagic transformation due to a traumatic factor 
(back massage) [5]. In this case, DCE-MRI was used to make the 
diagnosis of a mass, rather than simple hematoma, before surgery. 
The diagnosis of a tumor should not be missed because of the 
presence of hemorrhage. DCE-MRI before and pathological anal-
ysis during surgery must be performed for the diagnosis. 

Spinal angiolipoma is classified into two types, non-infiltrating 
and infiltrating. The non-infiltrating type is more common and ex-
hibits encapsulation. However, the infiltrating type has indefinite 
boundaries, is mainly unencapsulated, has sporadic features, and 
occasionally shows infiltration of the bone and surrounding tis-
sues. Although there is some difference in the treatment plan, sur-

gical resection is the gold standard regardless of the type. Total tu-
mor resection is the treatment of choice, but it may be difficult to 
achieve for the infiltrating type. Even with subtotal removal, most 
patients show good results. This is due to the nature of the tumor, 
because it does not undergo malignant transformation and is 
slow-growing. In addition, in the case of recurrent tumor as report-
ed by Gonzalez-Crussi et al. [13], combined treatment with radio-
therapy and surgery may be performed. In case of highly vascular-
ized spinal angiolipoma, embolization is performed before at-
tempting surgical removal [10]. 

The mean age of incidence of spinal angiolipoma is 42.9 years 
(range, 10 days–85 years). The incidence of spinal angiolipoma is 
expected to increase in the aging societies. Comorbid conditions 
need to be considered before performing surgery in elderly pa-
tients. However, spinal angiolipoma surgery has good outcomes. 
Even though, caution should be exercised in the treatment of el-
derly patients with spinal angiolipoma, surgical resection remains 
the recommended treatment for these patients.

Conclusion

The process of diagnosing spinal angiolipoma is long because of 
the nature of the tumor. Until now, routine CT and MRI imaging 
studies had been performed for the diagnosis. In this case, DCE-
MRI was performed to enable differentiation of angiolipoma from 
other spinal neoplasms as well as simple hematoma, and to evalu-
ate the vascularity of the tumor. These assessments have a positive 
impact on the planning of the surgery. We performed total resec-
tion of the tumor with subsequent improvement in the patient’s 
neurological symptoms and no recurrence on follow-up.

Fig. 5. Dynamic contrast-enhanced magnetic resonance imaging (MRI). (A) Non-contrast MRI scan. (B) Thirty seconds after contrast in-
jection, an early-enhancing tumor (arrow) lesion is seen. (C) Sixty seconds after the contrast injection, more enhancement of the tumor 
lesion is observed. (D) Contrast MRI scan.

B CA D
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Introduction

The term “arachnoid web” was first mentioned by Mallucci et al. 
[1] in 1997 as one of the possible causes of idiopathic syringomye-
lia. They reported that arachnoid webs or pouches create syringo-
myelia by partially blocking the flow of cerebrospinal fluid (CSF) 
and can originate from the septum posticum. Then, the disease 
entity of arachnoid web was verified by Paramore [2] in 2000. He 
reported two cases of arachnoid web characterized by focal inden-
tation of the dorsal thoracic cord that was not true arachnoid cyst 
but blocking CSF flow in magnetic resonance imaging (MRI) and 
computed tomography (CT) myelogram. Both patients presented 
with weakness of lower extremities and were treated with surgical 
resection, which produced improvement clinically and radiologi-
cally. Since then, a few case reports and studies have been pub-

Arachnoid web is a rare disease entity that can cause progressive myelopathy and most often develops at the upper thoracic level. Its 
pathophysiology is unclear, but may be associated with degeneration of the septum posticum in the dorsal subarachnoid space, which 
alters the flow of cerebrospinal fluid (CSF) and subsequently leads to cord compression and syringomyelia. It often presents with pain, 
paresthesia, and extremity weakness. Arachnoid web is diagnosed by a typical pattern of displacement of the spinal cord, known as 
the scalpel sign, with intact ventral dura mater and disturbed but conserved CSF flow. Arachnoid web should be differentiated from 
other disease entities sharing the feature of ventral displacement of the dorsal spinal cord, such as arachnoid cyst or spinal cord herni-
ation. The treatment for arachnoid web is surgical resection. We report a 66-year-old female who was diagnosed with arachnoid web 
in the dorsum of the spinal cord at the T3 level. She had suffered from weakness of both legs for 3 months. She underwent laminecto-
my of T3 and T4 and the dura was opened. The web was resected and the displacement of the spinal cord then improved.
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lished. Here, we introduce a case of a 66-year-old female who was 
diagnosed with arachnoid web in the spinal cord at the T3 level 
and was treated with surgical resection. To the best of our knowl-
edge, 64 cases of arachnoid web have been reported, including our 
case.

Case Report

A 66-year-old female presented with slowly progressive motor 
weakness of both legs that had been aggravated for previous 3 
months. She felt heavy-legged and ambulated with the help of a 
walker. She denied past history of spinal surgery or trauma. Physi-
cal examination showed weakness of both legs with Medical Re-
search Council (MRC) grade 4, intact sensory function, intact 
bladder and bowel function, and negative upper motor neuron 
signs. Electromyography displayed myelopathy with prolonged 
tibial somatosensory evoked potential. Ventral displacement of the 
thoracic spinal cord at the T3 level was found on spine MRI and is 
known as the “scalpel sign” (Fig. 1). Ventral dura mater was intact, 
as was the CSF space at the ventral side of the spinal cord. There 
were no findings that suggested dural defect or spinal cord hernia-
tion and were no cysts, cystic walls, or mass-like lesions in the CSF 
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space. There were no findings of spinal cord signal change or syrin-
gomyelia. As a further study, CT myelography was performed and 
showed no filling defect that suggested complete blockage of CSF 
flow (Fig. 2). We performed open surgical exploration with the 
possibility of arachnoid web in mind. A midline vertical skin inci-
sion was made on the posterior upper back area with the patient in 
prone position. After total laminectomy of T3 and subtotal lami-
nectomy of upper T4, some epidural granulation tissue was ob-
served. We incised the dura mater and punctured the arachnoid 
mater, resulting in high-pressure release of CSF. Arachnoid mem-
branes and adhesion bands covering the spinal cord were ob-
served, dissected from the cord, and removed with microscissors 
(Fig. 3). Cord compression resolved after these procedures. Duro-
plasty was performed, and the wound was closed layer by layer. Af-
ter the surgery, ventral displacement and dorsal compression of the 
spinal cord recovered radiologically on the postoperative MRI  
(Fig. 4), and the symptoms also improved. 

Due to its nature of case report, the study was exempt from re-
quiring informed consent from the participants.

Discussion

Arachnoid web is a rare disease that occurs mainly in the upper 
thoracic level with ventral cord displacement [3]. Pathophysiology 
of arachnoid web is not well-known, but it might be associated 
with blockage of CSF flow, formation of syringomyelia, and in-
complete arachnoid cyst formation [4]. Arachnoid web should be 
differentiated from ventral cord herniation and arachnoid cyst [5] 
and can be diagnosed radiologically by the characteristic feature 
scalpel sign [6]. It usually manifests as symptoms of progressive 
myelopathy and can be treated successfully with surgical removal 
[3,7]. 

Common symptom presentations are lower-extremity weak-
ness, sensory loss, and bladder or bowel incontinence according to 
one systematic review of 19 articles and 41 patients [3]. Neuro-
pathic back pain and myelopathy such as hyperreflexia, spastic 
paraparesis, clonus, and gait disturbance also have been reported 
[8]. Several predisposing factors are prior traumatic event or spine 
surgery, which can induce hemorrhage, infection, inflammation, or 
adhesion in the subarachnoid space. In a previous study, 5 of 14 

Fig. 1. Arachnoid web on preoperative T2-weighted image of magnetic resonance imaging. (A) A sagittal view. Ventral displacement and 
dorsal indentation of the spinal cord are seen at T3. A typical scalpel sign is observed. On the ventral side of the spinal cord, both the 
dura mater and the flow of cerebrospinal fluid (CSF) are intact. (B) Serial axial views. Ventral displacement of the spinal cord is seen, and 
the flow-void sign of the CSF is observed on the dorsal side of the spinal cord.
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arachnoid web patients had history of trauma or spine surgery [9]. 
In our case, though the patient reported no history of spinal sur-
gery or trauma, epidural granulation tissue was observed intra-op-
eratively, suggesting unrecognized trauma. 

The pathophysiology of arachnoid web is unclear. Anatomically, 
the spinal cord is floating in the CSF space and stably fixed to the 
meninges by ligaments. The paired denticulate ligaments connect 
pia mater to dura mater at both sides of the spinal cord. The sep-
tum posticum connects pia mater to dura mater at the dorsal side 
of the spinal cord. Arachnoid web is thought to originate from dis-
ruption of the septum posticum [1,4]. At the thoracic spine level, 
the septum posticum is important to stabilize the dorsal spinal 
cord against the ventral displacement of normal thoracic kyphosis 
[4]. This could explain the predilection of arachnoid web at the 
upper thoracic levels. 

Syringomyelia often accompanies arachnoid web, which sug-
gests that CSF flow is being disturbed. In one study, arachnoid web 
was related to syringomyelia in 12 of 14 case reports [9]. The term 
arachnoid web was referred to initially in a study of the causes of 
idiopathic syringomyelia [1]. In the study, preoperative myelogra-

phy of arachnoid web showed partial blockage of CSF flow. Dis-
turbed CSF flow due to arachnoid web causes abnormal accumu-
lation of CSF, and the relatively high regional pressure results in 
spinal cord compression and displacement observed as the scalpel 
sign. Moreover, this intermedullary CSF pressure gradient can re-
sult in syringomyelia. The typical location of syringomyelia is ei-
ther rostral or caudal to the arachnid web because the specific 
structure of arachnoid web can promote one-way flow of CSF and 
unidirectional syringomyelia [7]. 

Diagnosis of arachnoid web is based on the scalpel sign. This 
typical radiologic finding was first reported by Reardon et al. [6] in 
2013. Its name originates from the shape of cord displacement re-
sembling the surgical instrument scalpel. The radiologic findings 
of arachnoid web, arachnoid cyst, spinal cord herniation, and 
arachnoid adhesion are similar, and these disease entities might 
share pathophysiology. Chellathurai et al. [4] reported the disease 
spectrum of ventral displacement of the dorsal spinal cord and 
summarized the characteristics of these disease entities as follows: 
arachnoid web, preserved but disturbed CSF flow; arachnoid cyst, 
fluid-filled mass; spinal cord herniation, ventral dural defect; and 

Fig. 2. Arachnoid web on preoperative computed tomography (CT) myelography. Contrast dye was injected by lumbar puncture at L2−3, 
and CT myelography was performed. (A) A sagittal view. As in magnetic resonance imaging, a typical scalpel sign is shown at the T3 level. 
(B) Serial axial views. Contrast dye fills all space of the cerebrospinal fluid (CSF), and any findings of filling defect suggesting complete 
blockage of the flow of CSF are not seen.
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Fig. 3. Intraoperative findings of arachnoid web. Total laminectomy of T3 and subtotal laminectomy of upper T4 was performed. (A) After 
the dura mater was opened, the arachnoid web was identified as translucent tissues covering the spinal cord. As the arachnoid mem-
brane punctured, the cerebrospinal fluid was released with relatively high pressure. (B) The arachnoid web was adhesive and band-like. (C) 
The arachnoid web was removed carefully, and the spinal cord was exposed. (D) Cord compression resolved after removing most of the 
arachnoid web.

BA
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arachnoid adhesion, less-severe form of ventral dural defect. Un-
derstanding these diseases elucidates differential diagnosis. Schultz 
et al. [5] reported that scalpel-shaped cord displacement and pres-
ervation of the ventral CSF plane suggest arachnoid web, while 
C-shaped cord displacement and interruption of the ventral CSF 
plane suggest cord herniation. Hirai et al. [10] also reported differ-
ential diagnosis of arachnoid cyst, arachnoid web, and cord hernia-
tion. Spinal cord herniation involves a ventral dural defect and 
complete blockage of CSF flow at the ventral side of the cord. 
Arachnoid cyst usually shows cystic wall formation on MRI and 
disturbance of CSF flow on CT myelogram. Arachnoid web shows 
typical scalpel-shaped ventral cord displacement with preserved 
ventral CSF flow and dura mater, no visible cystic wall formation, 
and normal CSF filling on CT myelogram. Other reported diag-
nostic modalities include heavily T2-weighted constructive inter-
ference in steady state (CISS) sequence MRI and cine MRI. CISS 
sequence MRI can visualize the arachnoid web directly, in compar-
ison to MRI or CT myelogram [11]. Cine MRI can quantitatively 
measure and visualize CSF flow [12]. Thus, arachnoid web is diag-
nosed by multi-modality imaging including MRI, CT myelogram, 

and cardiac-gated cine phase contrast MRI [13]. In our case, ven-
tral displacement of the spinal cord, the scalpel sign, was observed 
on MRI and suggested possible diagnoses of spinal cord hernia-
tion, arachnoid cyst, and arachnoid web. Spinal cord herniation 
was ruled out by findings of intact dura mater and intact ventral 
CSF space on MRI. In addition, CT myelography ruled out arach-
noid cyst based on absence of complete blockage of CSF flow and 
cystic mass formation. Thus, arachnoid web was diagnosed on 
MRI and CT myelogram. 

Surgical resection is the gold standard treatment of arachnoid 
web. Most reported studies show improvement of symptoms and 
good prognosis after surgical resection of arachnoid web. Open 
laminectomy and resection of arachnoid web are widely used sur-
gical methods [1-3,6,10,14,15]. Extent of resection need to be 
minimized to avoid secondary iatrogenic arachnoid adhesion that 
can aggravate symptoms even after surgical resection of arachnoid 
web. To prevent iatrogenic arachnoid adhesion, intraoperative dye 
injection into the subarachnoid lesion can be used. The dye delin-
eates the extent of the lesion and to aid in determination of the re-
section margin [16]. Minimally invasive resection of arachnoid 
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web was reported in two cases [17], and percutaneous intrathecal 
catheterization of arachnoid web was reported in one case [18]. 
Another case report presented a subarachnoid-subarachnoid shunt 
procedure for treatment of arachnoid web [19]. The patient in our 
case report received open surgical resection that resulted in im-
provement.

Conclusion

Arachnoid web is a rare disease but should be discerned from oth-
er similar pathologies of arachnoid cyst or spinal cord herniation. 
The key finding of arachnoid web is the scalpel sign on MRI, and 
differential diagnosis can be accomplished by various modalities 
such as spine CT myelogram, special MRI sequence of CISS, or 
cine MRI. Treatment for arachnoid web is surgical intervention in-
cluding open resection, minimally invasive technique, and percuta-
neous catheterization.
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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 
be 20 or less and the figure number 5 or less.

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.

(MeSH; https://www.ncbi.nlm.nih.gov/mesh). 


8. Conclusion
The conclusion section should include a concise statement of the 
major findings of the study in accordance with the study purpose.

9. References
References should be ordered according to order of appearance in 
the text, using Vancouver style. Journal titles should be abbreviated 
in the style used in Medline. Unpublished data should preferably 
not be cited. Where this is unavoidable, however, the source should 
be placed in parentheses in the main text and such expressions as 
“personal opinion exchange” or “unpublished data” should be used. 
Other types of references not described below should follow Citing 
Medicine: The NLM Style Guide for Authors, Editors, and Pub-
lishers (http://www.nlm.nih.gov/citingmedicine).

• The citation superscript style is as follows:
Reference number in the text, tables, and figures should in a brack-
et ([ ]). If two or more citation numbers are required, separate 
numbers with a comma (,) or a dash (–) (e.g., Boyes [1–3], Chap-
man [1,2,7]).

• Journal article
1. Choi YH, Pee YJ, Jang IT. Percutaneous vertebroplasty: can it 

be an alternative treatment option for thoracolumbar burst 
fractures? J Korean Soc Geriatr Neurosurg 2020;16:67–70.

2. Lee I, Park K, Jeong TS, et al. Clinical outcomes of diffuse ax-
onal injury after traumatic brain injury according to magnetic 
resonance grading. J Korean Soc Geriatr Neurosurg 2020;16: 
71–7. 

3. Faiver L, Hensler D, Rush SC, Kashlan O, Williamson CA, Ra-
jajee V. Safety and efficacy of 23.4% sodium chloride adminis-
tered via peripheral venous access for the treatment of cerebral 
herniation and intracranial pressure elevation. Neurocrit Care 
2021 Jun 25 [Epub]. https://doi.org/10.1007/s12028-021-
01248-7. 

• Book chapter
4. Sweitzer S, Arruda J, DeLeo J. The cytokine challenge: meth-

ods for the detection of central cytokines in rodent models of 
persistent pain. In: Kruger L, editor. Methods in pain research. 
Boca Raton, FL: CRC Press; 2001. p. 109–32. 

• Entire book
5. Atlas SW. Magnetic resonance imaging of the brain and spine. 

Philadelphia: Lippincott Williams & Wilkins; 2001.

• Website
6. National Cancer Institut. CANCERNET-PDQ [Internet]. 

Bethesda (MD): National Cancer Institute; 2016 [cited 2021 
Jun 10]. Available from: https://www.cancer.gov/publications/
pdq.

7. National Institue on Drug Abuse (NIDA). Drug use and viral 
infections (HIV, hepatitis) DrugFacts [Internet]. Bethesda 
(MD): NIDA; 2020 [cited 2021 Jan 5]. Available from: https://
www.drugabuse.gov/publications/drugfacts/drug-use-viral- 
infections-hiv-hepatitis. 

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 
journal regarding format and references will be returned to 
the authors for further correction.

2) The page numbers in the manuscript should be counted 
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https://www.cancer.gov/publications/pdq
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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.

http://www.ithenticate.com/


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 
formats (for revisions use TIF/TIFF without any arrows or markings).

☐  Video clips should be less than 5 minutes duration for each.

☐  Authors will be asked to confirm their compliance with the journal's policies and guidelines during the initial manuscript  
submission on the web page.

☐  Verify the accuracy of reference information to enable hyperlinks for the online version of the journal to function properly.

☐  For previously published materials, send written permission to reprint any figure or any other applicable permissions.

☐  Provide copies of any material for which there is overlap with your manuscript (see Redundant Publication)
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