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Abstract
Background: Charcot spinal arthropathy, also known as Charcot spine and neuropathic spinal arthropathy, is a
progressive and destructive condition that affects an intervertebral disc and the adjacent vertebral bodies following
loss of spinal joint innervation. We report the first case of Charcot spinal arthropathy (CSA) associated with
cerebrospinal fluid (CSF)-cutaneous fistula.
Case presentation: A 54-year-old male who underwent T10-L2 posterior instrumented spinal fusion seven years
prior for treatment of T11 burst fracture and accompanying T11 complete paraplegia visited our department
complaining of leakage of clear fluid at his lower back. The patient had also undergone various types of skin graft
and myocutaneous flap surgeries for treatment of repetitive pressure sores around his lumbosacral area. The patient
presented with persistent CSF leakage from a cutaneous fistula (CSF-cutaneous fistula) formed in a lumbosacral
pressure sore. The CSF-cutaneous fistula arose from the L5 post-traumatic CSA. Surgery was planned for
management of CSF-cutaneous fistula and post-traumatic L5 CSA. We successfully treated the CSF-cutaneous fistula
with ligation and transection of the dural sac and cauda equina at the L2-L3 level. In addition, the post-traumatic
L5 CSA was successfully treated with a posterior four-rod spinopelvic fixation from T9 to ilium and S2 foramina.
After surgery, the CSF leakage stopped and no other adverse neurological changes were found. The four-rod
spinopelvic construct was well maintained five years later.
Conclusions: CSA associated with CSF-cutaneous fistula is a very rare disorder. Only surgical treatment for both
CSA and CSF-cutaneous fistula with ligation and transection of the dural sac and posterior four-rod spinopelvic
fixation can bring satisfactory results.
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Background
Charcot spinal arthropathy (CSA), also known as Charcot
spine and neuropathic spinal arthropathy, is a progressive
and destructive condition that affects an intervertebral
disc and the adjacent vertebral bodies following loss of
spinal joint innervation for any reason [1, 2]. The first case
of CSA associated with tabes dorsalis (non-traumatic
CSA) was reported in 1884 by Kronig [3]. Approximately
90 years later, the first case of post-traumatic CSA was reported in 1978 by Slabauch et al. [4]. Currently, with advances in medical care, traumatic spinal cord injuries are
the leading cause of CSA [2, 5]. Between 1978 and 2018,
over 140 post-traumatic CSA cases have been reported in
the literature [2, 6–24].
Until mid-twentieth century, patients sustaining catastrophic traumatic spinal cord injury might have died of
injury-related complications [5, 25, 26]. However, with
recent advances in medical care, spinal cord injured patients are now leading full and productive lives [5]. The
improvement in their care and longevity makes the traumatic spinal cord injury the leading cause of CSA in recent times [2, 5].
Irrespective of non-traumatic or post-traumatic CSA,
considerable advances in spinal surgery techniques and
technology during the past few decades have altered
treatment paradigms from conservative management to
surgery [6, 13, 27]. In cases of CSA involving gross
spinal instability and absence of medical comorbidities
that would otherwise cause a contraindication, surgery
has become the preferred treatment modality [6, 13, 27].
Most of the recent literature recommends a combined
anterior-posterior circumferential fusion through a
single-stage or multi-staged approach to reduce the rate
of hardware failure [27]. Alternatively, single-stage, posterior three-column resection shortening and fusion may
avoid the potential complications of a long anterior cage
or an allograft segment [28]. Four-rod lumbopelvic fixation particularly in lumbar CSA and bone morphogenetic protein were also recommended to reduce
hardware failures [13].
Because of its slow progression and sensory denervation, diagnosis of post-traumatic CSA is delayed and
presents as a late complication of traumatic spinal cord
injury [2, 6, 29].
We report a post-traumatic CSA associated with CSFcutaneous fistula case of a male patient treated with
ligation and transection of the dural sac and posterior
four-rod spinopelvic fixation.
Case presentation
Consultation was requested from the department of
plastic surgery for a 54-year-old male who developed
leakage of clear fluid in a lumbosacral pressure sore. He
had previously suffered T11 burst fracture and resultant
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complete paraplegia in a motorcycle accident seven years
prior. At the time of the injury, he had received a T9-L2
posterior instrumented spinal fusion at another hospital.
Being in a paraplegic state, pressure sore soon developed
thereafter. The patient also underwent various types of
skin graft and myocutaneous flap surgeries to treat for
the repetitive pressure sores around his lumbosacral
area. On physical exam, clear, colorless, tap water-like
fluid leaked from a small, deep, fibrotic opening formed
at a lumbosacral pressure sore. Based on the nature of
the fluid and the depth of the opening, we suspected
that the liquid from the persistent leakage might be CSF.
In addition, although completely paraplegic, the patient
reported a sense of lumbosacral instability and kyphosis
when in a sitting position and he heard cracking noises
in his lumbosacral region upon movement. These symptoms were not associated with pain.
Lateral plain radiograph showed a horizontal split of
the L5 vertebral body and complete posterior dissociation of the upper spinal segment with respect to the
lower one (Fig. 1). Computed tomography (CT) myelogram showed an extensive destruction of the L5 vertebral body and relatively intact superior and inferior

Fig. 1 Radiography of the lumbar spine before surgery shows
horizontal split of the L5 vertebral body and complete posterior
dissociation of the upper spinal segment with respect to the lower
one through the split site (white arrow)
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Fig. 2 a CT shows extensive destruction of the L5 vertebral body and relatively intact endplates. Myelogram dye injected at the L2-L3 level
leaked through a fistula from the L5 CSA region to a lumbosacral pressure sore (white arrows). b. MRI shows complete transection of the dural
sac and cauda equina (white arrow) by destructed bony fragments and surrounding fibrotic tissues

endplates. The myelogram dye injected at the L2-L3
level leaked through a fistula from the L5 CSA region to
the lumbosacral pressure sore (Fig. 2a). This finding
confirmed that the clear, colorless fluid was CSF and its
continuous flow was caused by a CSF-cutaneous fistula
[30]. Fortunately, our patient had no apparent symptoms
related to the CSF-cutaneous fistula. Magnetic resonance
imaging (MRI) revealed complete transection of the
dural sac and cauda equina by destructed bony fragments and surrounding fibrotic tissues (Fig. 2b). These
radiographic findings were consistent with those of previously reported CSA [2, 31]. Consequently, we established the diagnosis of post-traumatic CSA associated
with CSF-cutaneous fistula.
Surgery was planned for management of posttraumatic L5 CSA and CSF-cutaneous fistula. After dissecting from T8 to the ilium, laminectomy was performed at the L2-L3 level and the exposed dural sac was
doubly ligated circumferentially with 3–0 black silk. The
dural sac and cauda equina just distal to the doubleligation site were transected completely with a surgical
blade. The absence of CSF leakage from the proximal
cutting site was confirmed with the Valsalva maneuver.
Next, the patient underwent posterior four-rod spinopelvic fixation from T9 to the ilium and S2 foramina. Two
long rods were inserted into the S2 foramina and the
posteriorly dissociated upper spinal segment was reduced with a cantilever maneuver. These two rods were
fixed to the intermittent lumbar and thoracic pedicle
screws. Then, two short rods were fixed to iliac screws
and intermittent lumbar pedicle screws. Each pair of
long and short rods on the right and left sides was

attached to each other with side-connectors (Fig. 3a, b).
Culture study performed during surgery revealed
Pseudomonas aeruginosa and methicillin-resistant
Staphylococcus aureus. After surgery, vancomycin and
imipenem were administered to the patient to cover the
two bacterial organisms. The CSF leakage stopped and

Fig. 3 Anteroposterior(a) and lateral(b) whole spine radiography
after surgery shows posterior four-rod spinopelvic fixation
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no adverse neurological changes were found. One iliac
screw inserted into the right ilium was removed at postoperative one year due to skin protrusion. The four-rod
spinopelvic construct was well maintained five years
later (Fig. 4a, b).

Discussion and conclusions
Loss of protective sensory innervations, such as proprioception and sensitivity to pain and temperature, is the
main disease mechanism in CSA [2]. The time lag between onset of neurological impairment and diagnosis of
CSA is usually long (over 17 years, on average). The reasons for this long delay are likely due to the characteristics slow progression of CSA pathology and the
relatively non-specific nature of apparent symptoms [2,
13]. Post-traumatic CSA only develops caudal to the
neurological level of injury, which is consistent with the
proposed mechanism of CSA [7, 13]. Post-traumatic
CSA is more common in patients with complete paraplegia who are actively mobilized, especially in wheelchairs, and have significant weight-bearing in sitting
positions [7, 13]. Most post-traumatic CSAs occur
within the lumbar spine, where increased lumbar mobility may predispose to excessive forces during selftransfer activity [13]. Particularly, in patients who previously underwent instrumented fusion for treatment of
spine fracture and neurologic impairment, post-

Fig. 4 Anteroposterior(a) and lateral(b) whole spine radiography 5
years after surgery. A right iliac screw was removed at postoperative
one year because of skin irritation
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traumatic CSA typically develops below the prior instrumented spinal fusion area [2, 13]. These notions proposed by the authors of large studies are further
supported by the patient in the present case, in whom
post-traumatic CSA occurred at the L5 vertebra which is
three vertebral levels caudal to the end of the prior instrumented fusion.
The two major symptoms of CSA are spinal deformity/instability in sitting position and an audible cracking
noise with movement [2]. Hypertrophic osteophytes with
disc and vertebral destruction are radiologic key findings
of CSA [2, 6]. These changes induce instability and dislocation of the affected level. Furthermore, scoliosis, kyphosis or combined spinal deformity can occur at any
part of the spine [1, 2]. The patient in the present case
had a seven-year history of complete paraplegia, along
with the two major symptoms of CSA. Also, the patient
had dislocation and instability at dynamic x-ray. Because
the spinal deformity/instability and cracking noise in our
patient were not associated with pain, the diagnosis of
post-traumatic CSA had been delayed until leakage of
CSF from the CSF-cutaneous fistula formed at a lumbosacral pressure sore.
Our patient’s unique problem that has not been previously reported in the literature is a CSF-cutaneous fistula associated with CSA. The CSF-cutaneous fistula
arose from the L5 CSA level and was confirmed by CT
myelogram. CT myelogram and MRI revealed complete
transection of the dural sac and cauda equina by destructed bony fragments and fibrotic tissues. Dynamic
instability-induced repetitive traction and compression
of the dural sac by the tissues at the level of the posttraumatic CSA might have progressively weakened and
torn the dural sac. However, a dural tear itself may not
lead to CSF leakage if the spinal muscles and skin overlying the tear are intact and exert a sufficient tamponade
effect. We assume that the multiple flap surgeries for
treatment of our patient’s lumbosacral pressure sores led
to progressive weakening and disruption of the myocutaneous tamponade effect, consequently leading to CSF
leakage. Persistent CSF leakage, if managed improperly,
leads to a CSF-cutaneous fistula [30]. CSF-cutaneous
fistula is rare but can cause serious complications, such
as intracranial hemorrhage, bacterial meningitis and
cranial nerve palsy [30, 32–34].
Although our patient had no apparent symptom related to the CSF-cutaneous fistula, our primary concern
was its management. Because our patient had T11
complete paraplegia and the damage to the dural sac
and cauda equina appeared to be extensive on MRI, we
thought that repairing the damaged dural sac and saving
the cauda equina were unnecessary. To prevent potential
complications related to CSF-cutaneous fistula, we ligated and transected the dural sac and cauda equina at
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the L2-L3 level, which was below the neurological level
of his T11 complete paraplegia and above the level(L5)
of the origin of the CSF-cutaneous fistula.
Because of the low incidence of CSA, it has been difficult to establish a consensus as to its optimal treatment
[13]. However, considerable advances in spinal surgery
techniques have altered the treatment paradigms from
conservative management to surgery [6, 13, 27]. Most of
the recent large series highlight that the goals of surgical
treatment are correction of spinal deformity and
stabilization of spinal instability [6, 13, 27]. As recommended, we performed a single stage posterior four-rod
spinopelvic fixation, which was well maintained at a 5year follow-up examination. In addition, ligation and transection of the dural sac and cauda equina stopped the CSF
leakage and no other related adverse neurological symptoms were observed during the follow-up examinations.
In conclusion, to our knowledge, this is the first
reported case of CSA associated with CSF-cutaneous
fistula. We believe that disruption of the intact spinal
muscles and skin overlying the dural tear site led to CSF
leakage, consequently leading to a CSF-cutaneous fistula
at the level of L5 post-traumatic CSA.
We recommend ligation and transection of the dural
sac and posterior four-rod spinopelvic fixation for a
successful treatment of post-traumatic CSA with CSFcutaneous fistula.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12891-020-03451-7.
Additional file 1. Timeline.

Abbreviations
CSA: Charcot spinal arthropathy; CSF: Cerebrospinal fluid; CT: Computed
tomography; MRI: Magnetic resonance imaging
Acknowledgements
Not applicable.
Authors’ contributions
JR wrote this manuscript and was responsible for the manuscript. KK and JL
treated the patients and participated in the conception and design of the
study. They approved the final version of the manuscript to be submitted. CL
and WC helped draft the manuscript and prepare the figures. All authors
have read and approved the final manuscript.
Funding
The authors state that this work has not received financial support.
Availability of data and materials
All data generated or analyzed during this study are included in this article.
Ethics approval and consent to participate
The local Institutional review board (IRB) of Yeouido St. Mary’s Hospital
approved our case report (No. 20190917–001).

Page 5 of 6

Consent for publication
The authors have obtained the patient’s written informed consent for
publication of this case report and any accompanying images. The proof of
consent to publish from the patient can be requested at any time.
Competing interests
The authors declare that they have no competing interests.
Author details
Department of Orthopaedic Surgery, Yeouido St. Mary’s Hospital, College of
Medicine, The Catholic University of Korea, 63-ro 10 Yeongdeungpo-gu,
Seoul 07345, South Korea. 2Department of Orthopaedic Surgery, Eunpyeong
St. Mary’s Hospital, College of Medicine, The Catholic University of Korea,
Tongil-ro 1021 Eunpyeong-gu, Seoul, South Korea.
1

Received: 16 November 2019 Accepted: 23 June 2020

References
1. Vialle R, Mary P, Tassin JL, Parker F, Guillaumat M. Charcot's disease of the
spine: diagnosis and treatment. Spine. 2005;30(11):E315–22.
2. Barrey C, Massourides H, Cotton F, Perrin G, Rode G. Charcot spine: two
new case reports and a systematic review of 109 clinical cases from the
literature. Ann Phys Rehabil Med. 2010;53(3):200–20.
3. Holland HW. Tabetic spinal arthropathy. Proc R Soc Med. 1953;46(9):747–52.
4. Slabaugh PB, Smith TK. Neuropathic spine after spinal cord injury. A case
report. J Bone Joint Surg Am. 1978;60(7):1005–6.
5. Montgomery TJ, McGuire RA Jr. Traumatic neuropathic arthropathy of the
spine. Orthop Rev. 1993;22(10):1153–7.
6. Aebli N, Potzel T, Krebs J. Characteristics and surgical management of
neuropathic (Charcot) spinal arthropathy after spinal cord injury. Spine J.
2014;14(6):884–91.
7. Aydinli U, Mohan NK, Kara K. Posttraumatic Charcot (Neuropathic) Spinal
Arthropathy at the Cervicothoracic Junction. World Neurosurg. 2016;94:580
e1-.e4.
8. Bishop FS, Dailey AT, Schmidt MH. Massive Charcot spinal disease deformity
in a patient presenting with increasing abdominal girth and discomfort.
Case report. Neurosurg Focus. 2010;28(3):E17.
9. De Iure F, Chehrassan M, Cappuccio M, Amendola L. Sitting imbalance
cause and consequence of post-traumatic Charcot spine in paraplegic
patients. Eur Spine J. 2014;23(Suppl 6):604–9.
10. Gibson JL, Vuong SM, Bohinski RJ. Management of autonomic dysreflexia
associated with Charcot spinal arthropathy in a patient with complete
spinal cord injury: case report and review of the literature. Surg Neurol Int.
2018;9:113.
11. Goodwin CR, Ahmed AK, Abu-Bonsrah N, De la Garza-Ramos R, Petteys RJ,
Sciubba DM. Charcot spinal arthropathy after spinal cord injury. Spine J.
2016;16(8):e545–6.
12. Grassner L, Geuther M, Mach O, Buhren V, Vastmans J, Maier D. Charcot
spinal arthropathy: an increasing long-term sequel after spinal cord injury
with no straightforward management. Spinal Cord Series Cases. 2015;1:
15022.
13. Jacobs WB, Bransford RJ, Bellabarba C, Chapman JR. Surgical management
of Charcot spinal arthropathy: a single-center retrospective series
highlighting the evolution of management. J Neurosurg Spine. 2012;17(5):
422–31.
14. Kim TW, Seo EM, Hwang JT, Kwak BC. Charcot spine treated using a single
staged posterolateral costotransversectomy approach in a patient with
traumatic spinal cord injury. J Korean Neurosurg Soc. 2013;54(6):532–6.
15. Krebs J, Grasmucke D, Potzel T, Pannek J. Charcot arthropathy of the spine
in spinal cord injured individuals with sacral deafferentation and anterior
root stimulator implantation. Neurourol Urodyn. 2016;35(2):241–5.
16. Moreau S, Lonjon G, Jameson R, Judet T, Garreau de Loubresse C. Do
all Charcot Spine require surgery? Orthop Traumatol Surg Res. 2014;
100(7):779–84.
17. Morita M, Iwasaki M, Okuda S, Oda T, Miyauchi A. Autonomic dysreflexia
associated with Charcot spine following spinal cord injury: a case report
and literature review. Eur Spine J. 2010;19(Suppl 2):S179–82.
18. Oni MB, Dajoyag-Mejia MA. Cephalad sensory loss as clinical manifestation
of charcot spine in spinal cord injury. Am J Phys Med Rehabil. 2013;92(3):
280–1.

Ryu et al. BMC Musculoskeletal Disorders

(2020) 21:412

19. Proietti L, Pola E, Nasto LA, Scaramuzzo L, Logroscino CA. Onset of a
Charcot spinal arthropathy at a level lacking surgical arthrodesis in a
paraplegic patient with traumatic cord injury. Eur Spine J. 2010;19(Suppl 2):
S83–6.
20. Quan GM, Wilde P. Fractured neck of femur below long spinopelvic fixation
for Charcot spine: a case report. J Med Case Rep. 2013;7:277.
21. Ravindra VM, Ray WZ, Sayama CM, Dailey AT. Increased spasticity from a
fracture in the baclofen catheter caused by Charcot spine: case report. Arch
Phys Med Rehabil. 2015;96(4):697–701.
22. Son SB, Lee SH, Kim ES, Eoh W. Charcot arthropathy of the lumbosacral
spine mimicking a vertebral tumor after spinal cord injury. J Korean
Neurosurg Soc. 2013;54(6):537–9.
23. Valancius K, Garg G, Duicu M, Hansen ES, Bunger C. Major destructive
asymptomatic lumbar Charcot lesion treated with three column resection
and short segment reconstruction. Case report, treatment strategy and
review of literature. Sicot J. 2017;3:68.
24. Zyck S, Toshkezi G, Pizzuti J, Marawar S. Four-rod instrumentation for
treatment of Charcot spinal Arthropathy causing autonomic Dysreflexia:
case report and literature review. Cureus. 2016;8(10):e850.
25. DeVivo MJ, Kartus PL, Stover SL, Rutt RD, Fine PR. Cause of death for
patients with spinal cord injuries. Arch Intern Med. 1989;149(8):1761–6.
26. Kennedy RH. The new viewpoint toward spinal cord injuries. Ann Surg.
1946;124(6):1057–65.
27. Lee D, Dahdaleh NS. Charcot spinal arthropathy. J Craniovertebral Junction
Spine. 2018;9(1):9–19.
28. David KS, Agarwala AO, Rampersaud YR. Charcot arthropathy of the lumbar
spine treated using one-staged posterior three-column shortening and
fusion. Spine. 2010;35(14):E657–62.
29. Wirth CR, Jacobs RL, Rolander SD. Neuropathic spinal arthropathy. A review
of the Charcot spine. Spine. 1980;5(6):558–67.
30. Fang Z, Tian R, Jia YT, Xu TT, Liu Y. Treatment of cerebrospinal fluid leak
after spine surgery. Chin J Traumatol. 2017;20(2):81–3.
31. Ledbetter LN, Salzman KL, Sanders RK, Shah LM. Spinal Neuroarthropathy:
pathophysiology, clinical and imaging features, and differential diagnosis.
Radiographics. 2016;36(3):783–99.
32. Abaza KT, Bogod DG. Cerebrospinal fluid-cutaneous fistula and pseudomonas
meningitis complicating thoracic epidural analgesia. Br J Anaesth. 2004;92(3):
429–31.
33. Kaloostian PE, Kim JE, Bydon A, Sciubba DM, Wolinsky JP, Gokaslan ZL, et al.
Intracranial hemorrhage after spine surgery. J Neurosurg Spine. 2013;19(3):
370–80.
34. Thomas A, Shetty AP, Rajasekaran S. Abducens nerve palsy associated with
pseudomeningocele after lumbar disc surgery: a case report. Spine. 2012;
37(8):E511–3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

