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INTRODUCTION

Penetrating spinal injuries may result in dural tears (DT)/cerebrospinal fluid (CSF) leaks that 
can result in wound infections, meningitis, and abscesses.[2,3,6,8] Although direct dural suturing is 
the gold standard for repairing DT,[5] non-suturable lacerations may require indirect dural repair 
utilizing grafts and/or pedicle multifidus muscle flaps.[1,4,10] Here, we reviewed two cases [Table 1] 
and the literature defining the safety, efficacy, pros and cons of utilizing grafts and/or pedicle 
multifidus muscle flaps to repair spine-trauma-related DT/CSF fistulas.

ABSTRACT
Background: Penetrating spinal injuries occasionally lead to dural tears (DT) and cerebrospinal fluid (CSF) 
leaks that risk both infectious and neurological complications. Here, we reviewed two cases and the literature 
regarding the safety/efficacy and limitations of repairing traumatic DT utilizing pedicled multifidus muscle 
flaps.

Case Description: Two males, ages 73 and 50, presented with Brown-Sequard syndromes and DT/CSF fistulas 
attributed to knife-induced spinal injuries at the D3–D4 and D11–D12 levels. Intraoperatively, DT was repaired 
utilizing pedicle multifidus muscle flaps. Postoperatively, both patients demonstrated partial recovery of 
neurological function along with no residual symptoms/signs of DT/CSF fistulas.

Conclusion: Penetrating traumatic spinal injuries may result in DT/CSF fistulas that can be adequately repaired 
utilizing pedicle multifidus muscle flaps.
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CASES DESCRIPTIONS

Case 1: Clinical presentation

A 73-year-old male presented with paraparesis (left plegic; 
right paretic), hypoesthesia from the chest down, and a 
CSF leak following a posterior T3–T4 knife wound. e 
magnetic resonance (MR)-documented a left T3–T4 
ligamentum flavum laceration, a dural tear, and a thin left-
sided posterolateral T2–T5 subdural hematoma (SDH). e 
computed tomography (CT) showed a fracture of the left 
upper T3 facet joint [Figures 1 and 2].

Surgery

A left-sided T4 hemilaminectomy and partial T3–T5 
hemilaminectomies allowed for the removal of the SDH. 
However, the significant lateral/foraminal and anterolateral 
DT/CSF leak was non-suturable and required an indirect 
dural repair using the CO2 laser and a pedicled multifidus 
muscle flap.[10,11]

Postoperative course

Postoperatively, the patient was placed on seven days of 
cefazolin, during which time the motor function of the right 
lower extremities improved, but the left remained plegic. 
e postoperative magnetic resonance imaging (MRI) 
confirmed adequate thoracic cord decompression and 
appropriate placement of the pedicled multifidus muscle 
flap repair [Figure 3]. Six months later, the American Spinal 

Injury Association Impairment Scale (AIS) score was C 
(i.e., Grade  C: Incomplete motor function preserved below 
the neurologic level; more than half of the key muscles grade 
<3 not anti-gravity).

Case 2

Twenty-four hours after a stab wound at the D11–D12 level, 
a 50-year-old male presented with right lower extremity 
paralysis, bilateral lower extremity sensory deficits, and 

Figure  1: Spinal magnetic resonance imaging of patient 1. Upper row: sagittal slices, T2-weighted 
sequences. Lower row: sagittal slices, short-tau inversion recovery sequences. Red circles indicate a 
fracture of the articular facet and a laceration of the yellow ligament on the left. Blue arrows indicate 
the spinal cord lesion; yellow arrow indicates subdural hematoma.

Figure  2: Spinal magnetic resonance imaging of patient 1. Axial 
slices, short-tau inversion recovery sequences. Red circles indicate 
a fracture of the articular facet, a laceration of the yellow ligament, 
and a contusion of the paravertebral tissues on the left. Blue arrows 
indicate the spinal cord lesion.
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Figure  4: Spinal magnetic resonance imaging of patient 2, sagittal and axial scans. Red 
circles indicate the laceration of the yellow ligament and the interspinous ligament with 
signs of a cerebrospinal fluid fistula (hyperintensity in the short-tau inversion recovery 
sequences and a small fluid collection in the subcutaneous tissue). Blue arrows indicate the 
lesion on the posterior-lateral side of the thecal sac.

Figure 3: Postoperative magnetic resonance imaging of patient 1 (axial and sagittal views). 
Red arrows indicate the multifidus muscle flap rotated over the dura mater.



Ta
bl

e 
1:

 P
at

ie
nt

s’ 
de

ta
ils

.

A
ge

 
(y

ea
rs

)
Se

x
N

eu
ro

lo
gi

ca
l 

ex
am

in
at

io
n

Le
ve

l o
f 

in
ju

ry
Sk

in
 w

ou
nd

R
FB

 
V

is
ce

ra
l 

le
si

on
s

N
eu

ro
im

ag
in

g 
 

(C
T,

 M
R

I)
D

ur
al

 te
ar

C
SF

 
le

ak
ag

e
Su

rg
er

y
O

ut
co

m
e

6 
m

on
th

s 
ou

tc
om

e 
(A

IS
)

Pa
tie

nt
 1

73
M

al
e

Pa
re

sis
 is

 in
 th

e 
le

ft 
lo

w
er

 li
m

b 
(F

1)
, a

nd
 

m
ild

 p
ar

es
is 

is 
in

 th
e 

rig
ht

 lo
w

er
 li

m
b 

(F
4)

. 
H

yp
oe

st
he

sia
 in

 th
e 

rig
ht

 h
em

ith
or

ax
, 

ne
ur

op
at

hi
c p

ai
n 

in
 

th
e 

lo
w

er
 li

m
bs

.

T3
–T

4
Le

ft 
pa

ra
m

ed
ia

n,
 

th
e 

bl
ad

e 
ha

d 
be

en
 d

efl
ec

te
d 

by
 th

e 
sc

ap
ul

a 
to

w
ar

d 
th

e 
sp

in
e.

N
o

N
on

e
Fr

ac
tu

re
 o

f t
he

 le
ft 

up
pe

r f
ac

et
 jo

in
t 

of
 T

3/
te

ar
 in

 th
e 

lig
am

en
tu

m
 fl

av
um

/
le

ft 
T3

–T
4 

co
rd

 
la

ce
ra

tio
n/

su
bd

ur
al

 
he

m
at

om
a 

T2
–T

5

A
nt

er
ol

at
er

al
; 

sp
in

al
 ro

ot
 

in
vo

lv
ed

Im
m

ed
ia

te
U

rg
en

t/
H

em
ila

m
in

ec
to

m
y 

N
o 

co
m

pl
ic

at
io

n/
no

 
C

SF
 le

ak
ag

e

C

Pa
tie

nt
 2

50
M

al
e

Pa
re

sis
 in

 th
e 

rig
ht

 
lo

w
er

 li
m

b 
(F

2)
, 

bi
la

te
ra

l s
en

so
ry

 
de

fic
its

 (l
eft

>>
rig

ht
) u

p 
to

 a
 m

id
-d

or
sa

l u
pp

er
 

le
ve

l.

T1
1–

T1
2

Ri
gh

t 
pa

ra
ve

rt
eb

ra
l

N
o

N
on

e
Te

ar
 in

 th
e 

rig
ht

 
ye

llo
w

 a
nd

 
in

te
rs

pi
no

us
 li

ga
m

en
ts

 
at

 th
e 

T1
1–

T1
2 

le
ve

l/
la

ce
ra

tio
n 

on
 th

e 
rig

ht
 

po
st

er
ol

at
er

al
 p

ar
t o

f 
th

e 
co

rd
 

Po
st

er
io

r-
 

la
te

ra
l- 

an
te

rio
r

D
el

ay
ed

 
(1

2 
h)

U
rg

en
t/

la
m

in
ec

to
m

y
N

o 
co

m
pl

ic
at

io
n/

no
 

C
SF

 le
ak

ag
e 

D

C
T:

 C
om

pu
te

d 
to

m
og

ra
ph

y, 
M

RI
: M

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g,

 C
SF

: c
er

eb
ro

sp
in

al
 fl

ui
d,

 A
IS

: A
ss

oc
ia

tio
n 

im
pa

irm
en

t s
ca

le
, R

FB
: R

et
ai

ne
d 

fo
re

ig
n 

bo
dy

Po
lic

ic
ch

io
, e

t a
l.:

 P
ed

ic
le

d 
m

ul
tifi

du
s m

us
cl

e 
fla

p 
to

 tr
ea

t d
ur

al
 te

ar
 d

ue
 to

 p
en

et
ra

tin
g 

sp
in

al
 st

ab
 w

ou
nd

s: 
Tw

o 
ca

se
 re

po
rt

s a
nd

 a
 li

te
ra

tu
re

 re
vi

ew

Su
rg

ic
al

 N
eu

ro
lo

gy
 In

te
rn

at
io

na
l •

 2
02

4 
• 1

5(
19

) 
| 

4



Surgical Neurology International • 2024 • 15(19) | 5

Policicchio, et al.: Multifidus muscle flap for spinal stab wounds

a DT/CSF leak. e thoracic CT scan showed no retained 
metallic fragments or bony pathology. e MRI showed 
a tear in the right yellow/interspinous ligaments at the 
D11–D12 level, a laceration of the right posterolateral cord, 
and a DT/CSF with CSF extending into the paravertebral 
muscles [Figure 4].

Surgery

e bilateral D11 laminectomy documented multiple 
posterolateral/anterolateral nonsaturable dural lacerations 
and a minor spinal cord “tear.” Here, too, the dura was 

indirectly repaired by rotating pedicled multifidus muscle 
flaps [Figure 5].

Postoperative course

Postoperatively, the patient’s right lower leg motor function 
improved, but the sensory deficit remained unchanged. 
He received a 7-day course of cefazolin. e postoperative 
MR and clinical examinations showed no recurrent CSF 
leak. Twelve days later, when the wound was fully healed, 
the patient was transferred to a rehabilitation unit. At six 
postoperative months, he qualified for the American Spinal 
Cord Injury Association (AIS) score of D (i.e., motor grade of 
at least three below the neurologic level of injury).

DISCUSSION

Dural repairs for penetrating spinal injuries, including 
multifidus muscle flaps

Conservative management of DT/CSF leaks risks wound 
infections, meningitis, septicemia, and death.[9] erefore, 
most penetrating spinal injuries are treated surgically utilizing 
laminectomy, resection of retained foreign bodies, including knife 
blades, removal/decompression of hematomas, and exploration/
watertight closure involving direct/indirect dural repairs.[2,3,6,8]

Lack of success with spinal drain placement for these 
DT/CSF fistulas has included overdrainage, pneumocephalus, 
intracranial hemorrhages, and meningitis (i.e., 3–8%).[2,7] 

Rather, pedicle multifidus muscle flaps are effective alternatives 
for managing such penetrating spinal dural lacerations 
[Figures 5 and 6].[10,11]

CONCLUSION

Traumatic spinal cerebro spinal fluid (CSF) leaks/DT 
following penetrating spinal cord injuries may require 
indirect readily provided by utilizing pedicle multifidus 
muscle flaps.
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Figure  6: A  diagram representing the 
prepared flap rotated to cover the dura mater.

Figure  5: Intraoperative pictures of patient 2 showing the 
harvesting of the pedicled multifidus muscle flap. (a and b) show the 
flap already harvested on the left side, with blue arrows indicating 
the cephalad and caudal extremities of the flap and a white arrow 
showing the exposed dura mater at the level of the laminectomy. 
(c and d) display the flap rotated to cover the dura mater, filling the 
laminectomy, with yellow arrows indicating the pedicle of the flap, 
which is attached at the level of the intertransverse space.
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