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Study Design: Retrospective case–control study
Purpose: To clarify the prevalence and risk factors for spinal subdural lesions (SSDLs) following lumbar spine surgery.
Overview of Literature: Because SSDLs, including arachnoid cyst and subdural hematoma, that develop following spinal surgery 
are seldom symptomatic and require reoperation, there are few reports on these pathologies. No study has addressed the prevalence 
and risk factors for SSDLs following lumbar spine surgery. 
Methods: We conducted a retrospective analysis of the magnetic resonance (MR) images and medical records of 410 patients who 
underwent lumbar decompression surgery with or without instrumented fusion for degenerative disorders. SSDLs were classified 
into three grades: grade 0, no obvious lesion; grade 1, cystic lesion; and grade 2, lesions other than a cyst. Grading was based on the 
examination of preoperative and postoperative MR images. The prevalence of SSDLs per grade was calculated and risk factors were 
evaluated using multivariate logistic regression analysis.
Results: Postoperative SSDLs were identified in 123 patients (30.0%), with 50 (12.2%) and 73 (17.8%) patients being classified with 
grade 1 and 2 SSDLs, respectively. Among these, one patient was symptomatic, requiring hematoma evacuation because of the de-
velopment of incomplete paraplegia. Bilateral partial laminectomy was a significantly independent risk factor for SSDLs (odds ratio, 
1.52; 95% confidence interval, 1.20–1.92; p<0.001). In contrast, a unilateral partial laminectomy was a protective factor (odds ratio, 
0.11; 95% confidence interval, 0.03–0.46; p=0.002).
Conclusions: The prevalence rate of grade 1 SSDLs was 30%, with no associated clinical symptoms observed in all but one patient. 
Bilateral partial laminectomy increases the risk for SSDLs, whereas unilateral partial laminectomy is a protective factor. 
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Introduction

Spinal epidural hematomas are the most common cause of 
symptomatic neural compression during the early postop-
erative period following spinal surgery [1,2]. In contrast, 
spinal subdural hematoma (SSDH) is an extremely rare 
complication of spinal surgery, with only five cases having 

been reported in the literature [3-9]. Incidental durotomy 
and traumatic blunt dissection are primary causes of 
SSDH [5,10,11]. However, a comprehensive analysis of 
risk factors for SSDH has not been performed.

In our clinical practice, we experienced a case of SSDH 
following lumbar decompression with posterior instru-
mented fusion, which required hematoma evacuation 
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because of the development of incomplete paraplegia. Fol-
lowing this case, we conducted a retrospective review of 
preoperative and postoperative magnetic resonance (MR) 
images of patients who had undergone lumbar spine 
surgery at Department of Orthopaedic Surgery, National 
Hospital Organization Osaka Medical Center, Osaka, Ja-
pan. Unexpectedly, we identified a non-negligible number 
of patients in whom a lesion within the dura mater had 
developed postoperatively, inducing a shift of the cauda 
equina. We defined these lesions as spinal subdural lesions 
(SSDLs). Based on our analysis of preoperative and post-
operative MR images, this study provides an investigative 
overview of the prevalence and risk factors for SSDLs after 
lumbar spine surgery.

Materials and Methods

We conducted a retrospective review of the preoperative 
and postoperative MR images of 427 consecutive patients 
who underwent lumbar decompression surgery with or 
without instrumented fusion for degenerative disorders at 
our institution (2012 September–2015 October). Patients 
with vertebral fractures, spinal metastasis, and spinal in-
fections were excluded from our analysis. Approval was 
obtained from our Institutional Review Board (IRB no., 
15192).

At our institution, patients undergo preoperative MR 
imaging (MRI), with reimaging performed at approxi-
mately 7 days postoperatively to confirm adequate surgi-
cal decompression. The standard lumbar MRI protocol 
comprises sagittal T1- and T2-weighted sequences and 
an axial T2-weighted sequence. Among the 427 patients 
enrolled in the study, preoperative and postoperative MR 
images were not available for 17 patients. Therefore, our 
analysis was based on data of 410 patients (204 males and 
206 females) with a mean age of 70.4±11.2 years (range, 
16–91 years) and a mean follow-up of 14.2±9.9 months 
(range, 0–37 months). Postoperative MRI was performed 
at 6.8±1.3 days (range, 2–14 days) postoperatively. Among 
our study group, 158, 158, 43, 21, 13, and 17 patients un-
derwent surgery for degenerative spondylolisthesis, spinal 
canal stenosis, lumbar disk herniation, spondylolytic 
spondylolisthesis, adjacent segment disease, and other 
lumbar spinal diseases, respectively. The following demo-
graphic and clinical factors were extracted from medical 
records for analysis: age, sex, height, weight, anticoagulant 
therapy, type of surgical procedure, previous surgery at 

the index level, incidental durotomy, length of surgery, 
estimated volume of blood loss, and dosage of diclofenac 
suppository used over the first 7 postoperative days. With 
respect to the surgical procedures, patients underwent 
two-level posterior lumbar interbody fusion (PLIF) with 
or without additional partial laminectomy (n=29), one-
level PLIF with or without additional partial laminectomy 
(n=208), bilateral partial laminectomy (BPL; n=133), 
unilateral partial laminectomy (UPL; n=7), and UPL with 
discectomy (UPLWD; n=33). PLIF and partial laminec-
tomy were performed according to standard procedures, 
as previously described [12,13]. Endoscopic partial lami-
nectomy was performed via an unilateral approach [14].

1. MRI-based grading of SSDLs

We developed an MRI-based grading system for the di-
agnosis of SSDLs (Fig. 1). This system comprised three 
grades that were determined based on operative changes 
within the dura mater observed on preoperative and post-
operative sagittal and axial T2- and sagittal T1-weighted 
images (Figs. 2–4). The three grades are defined as follows: 
grade 0, no evidence of a space-occupying lesions (SOLs) 
within the dura mater; grade 1, presence of SOL with an 
intensity equivalent to that of cerebrospinal fluid (CSF; 
T1 hypo/T2 hyper); and grade 2, presence of SOL with an 
intensity different to that of CSF. Based on the intensity 

MRI grading system for the diagnosis of SSDL

Is a space occupying lesion (SOL) within the dura mater, 
accompanied by a shift of the cauda equine, 
observed in the axial and/or sagittal view? 

Is the signal intensity of the SOL 
equivalent to that of cerebrospinal fluid?

No obvious change

No-SSDL group

Grade 0

Arachnoid cyst   Possibility of SSDH

SSDL group

Grade 1
(n=50)

Grade 2
(n=73)

No

No

Yes

Yes

Fig. 1. Magnetic resonance imaging (MRI)-based grading system for 
the diagnosis of spinal subdural lesions (SSDLs) based on preopera-
tive to postoperative changes within the dura mater. The three SSDL 
grades are depicted.
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of SOL, a grade 1 SSDL was considered to be an iatro-
genic arachnoid cyst and a grade 2 SSDL was considered 
to be SSDH. The level and number of affected segments 
were recorded for both grade 1 and grade 2 SSDLs. The 
clinical course of SSDLs was recorded for patients who 
underwent follow-up MRI for reasons other than SSDL. 
Intra- and inter-observer reliability of the grading system 
was evaluated for 30 randomly selected MR images by 
two spinal surgeons who were blinded to patients’ clini-
cal information (Y.N. [R1] and S.T. [R2]). For intra-rater 
reliability, grading was repeated at an interval of 2 weeks. 
Reproducibility of the grading system was evaluated using 

the kappa coefficient, with both intra- and inter-rater reli-
ability being acceptable: intra-rater kappa of 0.91 for R1 
and 0.81 for R2 and inter-rater kappa of 0.83. 

2. Statistical analysis

Differences between patients with and without SSDLs 
were evaluated using univariate analysis, with the Fisher’s 
exact test for categorical variables and the Mann–Whitney 
U test for continuous variables. Risk factors for SSDH 
were identified using logistic regression analysis. The fol-
lowing factors were included in the multivariate analysis 

A B C

D E F

Fig. 2. An illustrative case of “grade 0” spinal subdural lesion (SSDL) according to our grading system. There was 
no evidence of postoperative changes in the dura mater on T2-weighted sagittal or axial magnetic resonance (MR)    
images. (A) preoperative T1-weighted sagittal MR image, (B) preoperative T2-weighted sagittal MR image, (C) 
preoperative T2-weighted axial MR image, (D) postoperative T1-weighted sagittal MR image, (E) postoperative 
T2-weighted sagittal MR image, and (F) postoperative T2-weighted axial MR image.
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as confounders: age, sex, body mass index (weight [kg]/
height2 [m2]), primary disease (degenerative spondylosis, 
spinal canal stenosis, lumbar disk herniation, spondylolyt-
ic spondylolisthesis, adjacent segment disease, and other 
diseases), use of anticoagulants, type of surgical procedure 
(PLIF, BPL, UPL, UPLWD, and endoscopic surgery), 
previous surgery at the same level, incidental durotomy, 
length of surgery, and estimated blood loss.

A logistic regression analysis was also performed to 
identify risk factors for postoperative SSDLs. Parameter 
significance was evaluated using univariate analysis. Fac-
tors with a p-value of <0.05 in the univariate analysis were 
included in the multivariate analysis. To investigate the 
influence of SSDLs on postoperative pain, we addition-

ally compared the dosage of diclofenac suppository use 
between patients with and without SSDLs using the non-
parametric Mann–Whitney U test. All statistical analyses 
were conducted using SPSS ver. 21 (SPSS, Chicago, IL, 
USA).

Results

1. Prevalence of postoperative SSDLs on MRI

Postoperative SSDLs were identified in 123 patients 
(30.0%), with 50 (12.2%) and 73 (17.8%) patients be-
ing classified with grade 1 and 2 SSDLs, respectively. All 
grade 2 SSDLs were characterized by T1-weighted iso- 

Fig. 3. An illustrative case of “grade 1” spinal subdural lesion (SSDL) according to our grading system. Space-occupying lesion (SOL) was identified 
within the dura mater. The signal intensity of SOL was equivalent to that of cerebrospinal fluid (T1 hypo-intensity/T2 hyper-intensity). These SOLs 
are considered arachnoid cysts. (A). preoperative T1-weighted sagittal magnetic resonance (MR) image, (B) preoperative T2-weighted sagittal MR 
image, (C) preoperative T2-weighted axial MR image, (D) postoperative T1-weighted sagittal MR image, (E) postoperative T2-weighted sagittal 
MR image, (F) postoperative T2-weighted axial MR image, (G) magnified postoperative T1-weighted sagittal MR image, and (H) magnified postop-
erative T2-weighted sagittal MR image. Arrows indicate fluid collection within the dura mater.

A B C

D E F G H
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to hyper-intensity and T2-weighted hyper-intensity and 
were, therefore, distinct from CSF. Among the 123 cases 
of SSDLs identified, only one was symptomatic, requir-
ing hematoma evacuation because of the development of 
incomplete paraplegia. The level and number of segments 

affected by SSDLs are reported in Table 1. Grade 1 lesions 
affected 2.4±1.5 segments (range, 1–6 segments) and 
grade 2 lesions affected 2.5±1.5 segments (range, 1–6 seg-
ments). The prevalence of postoperative SSDLs according 
to type of surgical procedure is reported in Table 2. The 

Table 1. Level and number of affected segments by postoperative SSDH

Grade T9/10 T10/11 T11/12 T12/L1 L1/2 L2/3 L3/4 L4/5 L5/S
Affected 
segments 

(no. of patients)

Grade 1 (n=50) 1 (2.0) 2 (4.0) 3 (6.0) 10 (20.0) 24 (48.0) 22 (44.0) 12 (24.0) 20 (40.0) 24 (48.0) 2.4±1.5

Grade 2 (n=73) 1 (1.4) 2 (2.7) 4 (5.5) 11 (15.1) 32 (43.8) 37 (50.7) 33 (45.2) 35 (47.9) 24 (32.9) 2.5±1.5

Values are presented as number of patients (%, prevalence rate of postoperative SSDH at each level).
SSDH, spinal subdural hematoma.

Fig. 4. An illustrative case of “grade 2” spinal subdural lesion (SSDL) according to our grading system. Space-occupying lesion (SOL) was identified 
within the dura mater. The signal intensity of SOL was different from that of cerebrospinal fluid. These SOLs are more likely to be spinal subdural 
hematomas than arachnoid cysts. (A) Preoperative T1-weighted sagittal magnetic resonance (MR) image, (B) preoperative T2-weighted sagittal MR 
image, (C) preoperative T2-weighted axial MR image, (D) postoperative T1-weighted sagittal MR image, (E) postoperative T2-weighted sagittal 
MR image, (F) postoperative T2-weighted axial MR image, (G) magnified postoperative T1-weighted sagittal MR image, and (H) magnified postop-
erative T2-weighted sagittal MR image. Arrows indicate fluid collection within the dura mater.         

A B C

D E F G H
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prevalence rates of SSDLs after PLIF and BPL were 29.5% 
and 39.8%, respectively, and no incidence of SSDLs was 
noted after UPL and UPLWD. There was no difference in 
the dosages of diclofenac suppository between patients 
with (77±97 mg) and without (75±109 mg; p=0.495) 
SSDLs. Follow-up MRI was performed in 55 patients at 
8.6±7.6 months (range, 0–33 months) postoperatively, 

with evidence of SSDL regression noted in all cases.

2. Risk factor analysis for developing postoperative SSDLs

Univariate analysis identified the presence of BPL and 
UPL and length of surgery as significant risk factors for 
SSDLs (Table 3). The following covariates (univariate, 
p<0.05) were included in the multivariate analysis: age, 
primary disease, type of procedure (BPL, UPL, and dis-
cectomy), and length of surgery. Results of the multivari-
ate logistic regression analysis are reported in Table 4. BPL 
was identified as an independent risk factor for SSDLs 
(odds ratio, 1.52; 95% confidence interval [CI], 1.20–1.92; 
p<0.001), whereas UPL was identified as a protective fac-
tor that lowered the risk for SSDLs (odds ratio, 0.11; 95% 
CI, 0.03–0.46; p=0.002). 

3.   Symptomatic case of SSDL requiring hematoma 
evacuation

Among our 123 cases of SSDLs, only one was clinically 
symptomatic. This was the case of an 87-year-old male pa-
tient who was admitted to our institution with a diagnosis 
of osteoporotic vertebral collapse of L2. He had a history 
of coronary artery disease, which had been treated with 
low-dose aspirin. Blood tests were negative for coagula-
tion abnormalities. Aspirin was discontinued at 7 days 
prior to surgery. The patient underwent PLIF at the L2–L3 
level. Surgery proceeded uneventfully, except for a slightly 
higher than expected volume of blood loss (600 mL). On 
postoperative day 4, the patient developed severe weak-
ness on left hip flexion and knee extension, followed by a 
progressive bilateral neurological deterioration below L3. 
The patient could no longer raise his legs or flex his knees. 
MRI was performed on an urgent basis, showing evidence 
of severe compression of the cauda equina by a large T1 
hypo- and T2 hyper-intense collection within the dura 
mater, extending from approximately T10 to S1 (Fig. 5). 
To determine the precise location of SOL within the dura 
mater, computed tomography (CT) was performed via 
lumbar puncture. Xanthochromic CSF was identified on 
lumbar puncture, with subsequent CT myelography con-
firming the presence of a lesion situated on the posterior 
wall within the dura mater. Based on this evidence, SOL 
was diagnosed as an iatrogenic intradural spinal arach-
noid cyst occurring because of an unknown durotomy 
incident [15]. An emergency revision surgery was per-

Table 2. Surgical details and the prevalence of SSDL by type of proce-
dure

Surgical 
procedure  

SSDL 
(n=123)

No-SSDL 
(n=287)

Prevalence 
(%)

PLIF

2PLIF 12 14 46.1

2PLIF+1BPL 1 2 33.3

1PLIF 30 108 21.7

1PLIF+1UPL 1 3 25.0

1PLIF+1BPL 15 28 34.9

1PLIF+2BPL 9 11 45.0

1PLIF+3BPL 2 1 66.6

Total 70 167 29.5

BPL

1BPL 19 44 30.2

1BPL+1UPL 1 3 25.0

2BPL 22 18 55.0

2BPL+1UPL 0 1 0.0

3BPL 4 5 44.4

3BPL+1UPL 0 1 0.0

4BPL 1 3 25.0

5BPL 1 0 100.0

1End-BPL 5 5 50.0

Total 53 80 39.8

UPL

1UPL 0 5 0.0

2UPL 0 1 0.0

1End-UPL 0 1 0.0

Total 0 7 0.0

UPLWD

1UPLWD 0 29 0.0

1End-UPLWD 0 4 0.0

Total 0 33 0.0

SSDH, spinal subdural hematoma; PLIF, posterior lumbar interbody 
fusion; BPL, bilateral partial laminectomy; UPL, unilateral partial 
laminectomy; End-, endoscopic procedure; UPLWD, unilateral partial 
laminectomy with discectomy.
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formed. Intraoperatively, no trace of incidental durotomy 
was identified, and there was no significant epidural 
hematoma. The dura, however, was tense and discolored. 
After opening the dural sac at the L2–L3 level, a clot was 
observed in the subdural space (Fig. 6A). The clot was 
evacuated en bloc using forceps (Fig. 6B). After evacua-
tion, an intact arachnoid membrane was noted (Fig. 6C), 
with clear CSF having been observed after fenestration of 
the arachnoid membrane (Fig. 6D). Follow-up MRI was 
performed on postoperative day 2, showing a decrease in 
the volume of the posterior compartment (Fig. 7). Three 
months after revision surgery, the patient was walking 
without assistance despite the persistence of slight weak-

Table 3. Comparison of patients with and without postoperative SSDL

Variable SSDL (n=123) No-SSDH (n=287) p-value

Age 72.6±9.5     69.4±11.7   0.012*

Sex M: 69, F: 54 M: 135, F: 152   0.106

Height (cm) 157.8±10.0 157.3±9.7   0.603

Weight (kg)   60.3±12.1     60.0±11.7   0.635

Body mass index (kg/m2) 24.1±3.7   24.1±3.6   0.892

Anticoagulant therapy 38 (30.9)   68 (23.7)   0.140

Primary disease   0.002*

Degenerative spondylolisthesis 45 113

Spinal canal stenosis 61   97

Lumbar disc herniation   4   39

Spondylolytic spondylolisthesis   6   15

Adjacent segment disease   3   10

Other diseases   4   13

Surgical procedure

No. of levels

PLIF   0.7±0.7     0.6±0.6   0.759

BPL   1.1±1.0     0.6±0.8 <0.001*

UPL   0.0±0.1     0.2±0.4 <0.001*

Discectomy   7 (5.7)    46 (16.0)   0.004*

Endoscopic surgery   5 (4.1)  10 (3.5)   0.778

Reoperation at the same level   4 (3.3) 27 (9.4)   0.040*

Incidental durotomy 12 (9.8)   29 (10.1) >0.99

Length of surgery   1.7±0.8     1.4±0.7 <0.001*

Estimated blood loss (mL)   130±161     125±195   0.701

Operative time (min) 117±56   107±53   0.118

Values are presented as mean±standard deviation (SD) or number (%).
Fisher exact test or Mann-Whitney U test was used to compare each factor between patients with and without postoperative SSDL.
SSDL, spinal subdural lesion; M, male; F, female; PLIF, posterior lumbar interbody fusion; BPL, bilateral partial laminectomy; UPL, unilateral partial 
laminectomy.
*p<0.05. 

Table 4. Logistic regression analysis of risk factors of postoperative 
SSDL

Variable Odds ratio 
(95% confidence interval ) p-value

BPL 1.52 (1.20–1.92) <0.001*

UPL 0.11 (0.03–0.46) 0.002*

The multivariate model included variables with a p -value <0.05 on 
univariate analysis. The multivariate model was adjusted for age, BPL, 
UPL, discectomy reoperation at the same level, and length of surgical 
level.
SSDL, spinal subdural lesion; BPL, bilateral partial laminectomy; UPL, 
unilateral partial laminectomy.
*p<0.05. 



Yukitaka Nagamoto et al.800 Asian Spine J 2017;11(5):793-803

ness in left hip flexion and knee extension.

Discussion

Although spinal epidural hematoma is a relatively com-
mon cause of symptomatic neural compression during 
the early postoperative period following spinal surgery, 
hematoma evacuation is required in <0.5% of cases [1,2]. 
In contrast, SSDLs, including the arachnoid cyst and sub-
dural hematoma, that develop following spinal surgery 
are seldom symptomatic and require reoperation. There-
fore, there are few reports regarding these pathologies 
[5,10,11,15,16].

SSDH was first identified by Schiller et al. [17] as a 

complication of hemophilia. A large review of all spinal 
hematomas reported that SSDH is rare, with its incidence 
rate of 4.1% (25 of 613 cases) being substantively lower 
than the rates for spinal epidural hematoma (75%; 461 
of 613 cases) and subarachnoid hematoma (15.7%; 96 of 
613 cases) [7]. The paucity of vessels within the subdural 
space explains the infrequent occurrence of SSDH [9]. 
Considering the paucity of blood vessels that traverse the 
spinal subdural space, it has been suggested that SSDH 
originates in the vascular subarachnoid space, with a sub-
sequent subdural dissection [18-20]. The blood from the 
ruptured vessels in the subdural space would be cleared by 
CSF, leaving behind an isolated SSDH [18-20]. This pro-
posed pathway for the development of SSDH is supported 

Fig. 5. (A) Magnetic resonance image 
taken on postoperative day 4, with the 
T1-weighted sagittal image showing a 
large hypointense posterior collection 
within the dural sac from approximately 
T10 to S1. (B) T2-weighted sagittal im-
age showing hyper-intensity within the 
same collection. (C) T2-weighted axial 
image taken at the L2–L3 level showing 
anterior displacement and compression 
of the cauda equina.A B

C

Fig. 6. (A) Intraoperative photograph showing an extensive mass of clotted blood that was identified when the dura mater was opened. (B, C) Fol-
lowing en bloc evacuation of the clotted blood, the distended normal arachnoid sac was exposed. (D) Fenestration of the arachnoid membrane was 
performed.

A B C D



Subdural lesion following lumbar spine surgeryAsian Spine Journal 801

by our findings of xanthochromic CSF noted during a 
lumbar puncture that was performed for myelography. 
We observed clear CSF after fenestration of the arachnoid 
membrane at the time of reoperation in our case. 

SSDH most frequently occurs in patients with coagu-
lopathy after lumbar puncture [20,21] or with trauma 
[19,22,23] and rarely occurs spontaneously in patients 
receiving anticoagulants or in those who have hematologi-
cal disorders, vascular malformations, or tumors [3,4,7,9]. 
SSDH following spinal surgery is an extremely rare com-
plication, with only five cases having been reported in 
the literature [5,10,11,16]. In all cases, lesions became 
symptomatic within 10 (range, 0–10; mean, 3.8) days of 
surgery. Surgery-related trauma, in the form of incidental 
durotomy or traumatic blunt dissection, may be the cause 
of SSDH after lumbar surgery [5,10]. Gehri et al. [5] attrib-
uted the occurrence of SSDH to a minor dural tear during 
surgery which was repaired intraoperatively. Chang et al. 
[10] reported on a case in which the dura was adherent 
to the posterior spinal element and required blunt dissec-
tion during laminectomy, leading to trauma of the delicate 
dural tissue. Incidental durotomy or previous operation at 
the same level as the current surgery was not identified as 
a risk factor for SSDL or SSDH in our retrospective analy-
sis. In the present clinical case, the patient had no predis-
posing factors, and the dura was not adherent.

The development of a spinal arachnoid cyst after spinal 

surgery is also extremely rare, with only two cases having 
been reported [15]. Nottmeier et al. [15] reported two cas-
es of symptomatic arachnoid cyst following lumbar spine 
surgery, which required cyst fenestration. In both cases, 
the lesions became symptomatic at >2 weeks postopera-
tively, with symptoms typically developing more slowly 
than those for SSDH. In both of these cases, the cyst was 
deemed to have formed after injury to the arachnoid 
membrane during incidental durotomy. In comparison, in 
our case series, 12% patients had the same MRI findings 
as those for spinal arachnoid cyst, although no patients 
developed symptoms that required cyst fenestration.

A definite differentiation of hematomas from cysts 
within CSF is difficult based on MRI assessment alone 
[7,24]. In our cases series, we considered most grade 1 and 
2 SSDLs to be iatrogenic arachnoid cysts, with some grade 
2 SSDLs being SSDHs. The pathway of SSDL formation 
after spinal surgery is probably initiated by an injury to 
the arachnoid membrane during intraoperative manipula-
tion of neural tissue. This injury allows CSF to collect in 
the subdural space between the dura mater and arachnoid 
membrane. If vessels beneath the arachnoid membrane 
are also injured, blood will accumulate in the subdural 
space, resulting in the development of SSDH. Owing to 
the sufficiency of the subdural space for the cauda equina 
at the lumbar spine, these SSDLs are rarely symptomatic. 
In our case series, a postoperative SSDL was identified in 

Fig. 7. Magnetic resonance (MR) image ob-
tained on postoperative day 2 following re-
vision surgery. (A, B) T1- and T2-weighted 
sagittal MR images showing a decrease in 
the volume of the posterior compartment. 
(C) T2-weighted axial MR image taken at 
the L2–L3 level confirming the decompres-
sion of the cauda equina.A B

C
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30% of our 410 cases, with only one of these being symp-
tomatic and requiring reoperation. 

Although we had hypothesized a priori that PLIF would 
probably increase the risk for SSDLs, BPL was identified 
as an independent risk factor for SSDLs on multivariate 
analysis. Because bilateral superior articular facets are 
generally preserved in BPL, semi-circumferential de-
compression must be performed within a more confined 
spinal canal. Under this confined condition, injury to the 
arachnoid tissue may occur during manipulation of the 
dura mater tissue, with the dura mater being deformed 
against the nerve retractor and contralateral superior 
articular facet, particularly during resection of the inner 
edge of the superior articular facet or residual ligamentum 
flavum. Conversely, during PLIF procedure, dural retrac-
tion may be accomplished with less strain than anticipated 
even if large dural displacement is required because total 
facetectomy provides more working space and a wide-
angle approach to the neural structures [12]. In a large 
cohort study, the incidence of dural tears was higher when 
lumbar spine decompression was performed alone than 
when it was performed with instrumented fusion (8.5% 
versus 5.5%) [25]. The absence of SSDL formation in UPL 
cases reflects the inability to perform substantive dural re-
traction because of restricted access to the dura within the 
relatively small fenestration window in the inter-laminar 
space. Therefore, although UPL requires additional dis-
cectomy compared with BPL and PLIF, the strain applied 
to the dura during this procedure will remain lower than 
that applied to the dura during BPL and PLIF. Given these 
observations, it is important to take extreme care during 
manipulation of the dura to avoid excessive dural traction 
and the possible development of SSDL. These findings 
support the results of our risk factor analysis.

The limitations of our study need to be acknowledged. 
Foremost, this is a retrospective study with patients iden-
tified from a single institution. SSDL was diagnosed using 
routine preoperative and postoperative MR images, which 
included only sagittal T1- and T2-weighted sequences 
and axial T2-weighted sequences. Our diagnostic accu-
racy could be improved by including axial T1-weighted 
or other sequences, such as the T2*-weighted gradient 
echo or fluid attenuated inversion recovery [26]. Specific 
information regarding postoperative pain was not consis-
tently available in medical records and was, therefore, not 
included in our analysis. Rather, we used the dosage of 
diclofenac suppository administered over the first 7 post-

operative days as a surrogate measure of pain. We believe 
that SSDL, particularly SSDH, may be associated with 
postoperative pain, particularly in the lower extremities. 
Although we did not identify a significant difference in di-
clofenac dosage between patients with and without SSDL, 
additional prospective studies are required to clarify this 
relationship.

Conclusions

Although SSDLs following lumbar spine surgery have 
been considered to be extremely rare, we identified SSDLs 
in 30% of our 410 cases of lumbar spine surgery. Among 
these 123 cases of SSDL, 41% (50 patients) were consid-
ered to be iatrogenic arachnoid cysts and 59% (73 patients) 
were considered as possible SSDHs. Therefore, we are the 
first to demonstrate that the prevalence of SSDH might be 
higher than that expected previously. However, the associa-
tion of clinical symptoms with SSDLs is rare, with only 1 of 
our 123 cases requiring reoperation because of a declining 
neurological status. BPL increased the risk for SSDL devel-
opment, whereas UPL was identified as a protective factor. 
SSDL development is closely related to the strain applied 
to the dura mater during intraoperative manipulation. 
Therefore, extreme care is required to avoid excessive dural 
traction during surgery to lower the risk for SSDLs. 
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