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The therapeutic effects of ablative neurosurgical procedures
on the spinal cord for intractable spinal spasticity
Bunpot Sitthinamsuwan1, Pornchai Khumsawat1, Luckchai Phonwijit1, Sarun Nunta-aree1, Akkapong Nitising1

and Sirilak Suksompong2

STUDY DESIGN: This research is a retrospective study.
OBJECTIVE: To study the therapeutic effects of operative procedures, including dorsal longitudinal myelotomy (DLM) and dorsal
root entry zone lesion (DREZL) on spasticity and associated aspects.
SETTING: Tertiary university hospital in Bangkok, Thailand.
METHODS: Eighteen patients with refractory spasticity of spinal origin who underwent the operations were recruited. Clinical parameters
for evaluating severity of spasticity and ambulatory status were compared between before and after surgery, and between surgeries.
RESULTS: A statistically significant reduction of spasticity as measured by the Modified Ashworth Scale (MAS), Adductor Tone
Rating Scale (ATRS) and Penn Spasm Frequency Scale (PSFS) was found after surgeries and in the overall analysis (p < 0.05). Chronic
pressure ulcers disappeared postoperatively in 11 cases. All of 7 bed-ridden subjects experienced improvement in their ambulatory
status postoperatively. DLM was found to be more effective than DREZL in reduction of spasticity.
CONCLUSION: Ablative neurosurgery on the spinal cord is still valuable in situations when intrathecal baclofen is unavailable. These
operations are potentially effective in the treatment of intractable spasticity of spinal origin.
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INTRODUCTION
Spasticity is a distinctive clinical phenomenon that occurs after
damage to the spinal cord. It interferes with voluntary motor
function, increases difficulty in self-care and caregiving, causes
agonizing pain, musculoskeletal deformity, poor body posture,
pressure ulcers and depression.1–4 Patients suffering from intract-
able harmful spasticity can gain benefit from surgical treatment.5

Intrathecal baclofen therapy (ITB) has become popular worldwide
in the treatment of refractory widespread or regional spasticity. Its
efficacy in reduction of spasticity has been proven.6–10 However,
mechanical complications, drug overdose and withdrawal, and
relatively high cost are major drawbacks of ITB.3,11–13 In our country,
intrathecal baclofen is not generally available and the costs of the
hardware and drug are not covered by our national health
insurance system. Therefore, we use ablative neurosurgical proce-
dures instead of ITB for treating diffuse spasticity. These procedures
consist of dorsal longitudinal myelotomy (DLM) (Figures 1 and 2)
and dorsal root entry zone lesion (DREZL) (Figure 3) by using
microsurgical techniques on the spinal cord.
The present study reports the therapeutic effects of these

lesioning procedures on spasticity and related perspectives.

MATERIALS AND METHODS
Patient population
Eighteen patients from our institute who underwent DLM and DREZL for
treating intractable limb spasticity between October 2008 and August
2016 were recruited in the study. The candidates were individuals suffering
from severe spasticity of the extremities caused by spinal cord pathology.
All of them failed to respond to conventional treatment, including oral

antispasmodic medications, botulinum toxin injection, physical therapy
and application of orthotic devices. DLM consisted of two types of
procedures, including Bischof II (dorsal longitudinal T) myelotomy14

(Figures 1 and 2a) and Pourpre (cruciate) myelotomy (Figure 2b).15 DLM
and DREZL of the lumbosacral (L1 to S1) spinal cord segments were used
for eliminating severe flexor spasm of both lower extremities and DREZL of
the cervical (C5 to C8) spinal cord segments was performed for treating
upper limb spasticity. This study was approved by our institutional review
board and all applicable institutional regulations concerning the ethical
use of human subjects were followed during the course of this research.

Clinical evaluation
The Modified Ashworth Scale,16 Adductor Tone Rating Scale,17 Penn Spasm
Frequency Scale,18 ambulatory status and existence of pressure ulcer were
assessed before and after all operations. Mean MAS score was calculated
from MAS score of all examined muscle groups, such as hip flexors, knee
flexors and so on. In each patient, the number of examined muscle groups
varied from 6 to 14 depending upon extent of operated cord segments.
Mean ATRS and PSFS scores were calculated from ATRS and PSFS scores of
all patients, respectively. In each patient, there was only one value of ATRS
and PSFS scores. These parameters on the last follow-up were compared
with the preoperative clinical assessment and were compared between
procedures.

Statistical analysis
Data were analyzed using Statistical Package for the Social Sciences (SPSS)
version 17.0 (SPSS Inc., Chicago, IL, USA). The MAS score, ATRS and PSFS
before and after the operations were compared by using the paired
samples t-test and Wilcoxon's signed-rank matched-pairs test. Comparison
of clinical parameters between the operations was carried out by using the
independent-sample t-test or Mann–Whitney U-test. Statistically significant
level was indicated with Po0.05.
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RESULTS
Patients
Of 18 patients, 12 were male and 6 were female. Mean age was
39.7 ± 13 years (range 18–65). Median duration of spasticity before

surgery was 4 years (range 2–14). Spasticity was caused by spinal
cord injury (SCI) in 10 patients (55.5%), spinal cord tumor in 3
(16.7%), spinal tuberculosis in 2 (11.1%) and other disorders
(ruptured cavernoma, multiple sclerosis and disc herniation) in

Figure 1. DLM by using Bischof II technique. (a) Midline myelotomy to the depth of the central canal. (b) Angled fine tips of bipolar coagulator
are pointed to the lateral side.

Figure 2. Axial view of the spinal cord showing two techniques in DLM. (a) Bischoff II myelotomy. Section of the midline structures to the
depth of the central canal (sagittal dotted line) and disconnection between the ventral and dorsal horns bilaterally (coronal dotted line).
(b) Pourpre myelotomy. Division of the spinal cord into two hemicords (sagittal dotted line) and bilateral disconnection, the ventral from the
dorsal horns (coronal dotted line).

Figure 3. DREZL. (a) Axial view of the spinal cord showing area and trajectory of the lesioning (triangle). (b) Operative exposure of the dorsal
root entry zone (arrowheads). (c) Longitudinal lesioning (arrow) of the dorsal root entry zone.
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Table 1. Patient characteristics

No Gender/age (years) Etiology/vertebral level (AIS) Operation (cord segment) Last F/U (months) Pressure ulcer Ambulatory status

Preop Postop Preop Postop

1 M 45 SCI/T8 (A) Bischof II (L1-S1) 73 Unhealed Healed Bed-bound Wheelchair
2 M 57 Ruptured cavernoma/T7 (A) Bischof II (L1-S1) 69 — — Bed-bound Wheelchair
3 F 49 MS/upper T (A) Pourpre (L1-S1) 63 Unhealed Healed Bed-bound Wheelchair
4 M 39 SCI/T6 (A) Bischof II (L1-S1) 61 Unhealed Healed Wheelchair Wheelchair
5 F 23 SCI/T10 (C) DREZL (bilateral L1-S1) 56 Unhealed Healed Wheelchair Wheelchair
6 M 18 SCI/T6 (A) Bischof II (L1-S1) 55 Unhealed Healed Wheelchair Wheelchair
7 F 39 SCI/C4-5 (A) Bischof II (L1-S1) 54 Unhealed Healed Bed-bound Wheelchair
8 M 44 Disc herniation/T7-8 (C) DREZL (bilateral L1-S1) 37 — — Wheelchair Ambulator

with assistance
9 M 25 SCI/ T4 (A) Bischof II (L1-S1) 35 Unhealed Healed Wheelchair Wheelchair
10 M 41 Spinal TB/T8 (A) Bischof II (L1-S1) 30 Unhealed Healed Bed-bound Wheelchair
11 M 40 SCI/C2 (A) DREZL (bilateral C5-C8,

L1-S1)
28 — — Bed-bound Wheelchair

12 F 46 Spinal cord tumor/T6 (A) Bischof II (L1-S1) 26 Unhealed Healed Wheelchair Wheelchair
13 M 24 SCI/T2 (A) Bischof II (L1-S1) 22 Unhealed Healed Wheelchair Wheelchair
14 F 51 Spinal cord tumor/T3 (B) DREZL (bilateral L1-S1) 18 — — Wheelchair Wheelchair
15 M 26 SCI/T10 (A) Bischof II (L1-S1) 14 Unhealed Healed Wheelchair Wheelchair
16 M 31 SCI/T7 (A) Bischof II (L1-S1) 11 Unhealed Improved Wheelchair Wheelchair
17 F 65 Spinal cord tumor/T8 (A) Bischof II (L1-S1) 8 — — Wheelchair Wheelchair
18 M 52 Spinal TB/T8 (C) DREZL (bilateral L1-S1) 6 — — Bed-bound Wheelchair

Abbreviations: —, none; AIS, American Spinal Injury Association Impairment Scale; Bischof II, Bischof II myelotomy; C, cervical; DREZL, dorsal root entry zone
lesion; F, female; F/U, follow-up; L, lumbar; M, male; mo, months; MS, multiple sclerosis; postop, postoperative; Pourpre, Pourpre myelotomy; preop,
preoperative; S, sacral; SCI, spinal cord injury; T, thoracic; TB, tuberculosis.

Table 2. Comparison of clinical parameters between before and after the procedures, and between DLM and DREZL

Parameters Overall Operative procedures DLM vs DREZL

DLM DREZL P-value

Number of patient (N) 18 13 5
Mean age (years) 39.7 38.9 42 0.659
Median duration of spasticity (years) 4 4.9 4.6 0.802
Mean duration of follow-up (months) 37 40.1 29 0.402

Mean MAS score
n 116 70 46
Preop 2.6 2.8 2.3 0.002a

Postop 0.3 0.1 0.5 0.001a

Change (95% CI) 2.3 (2.07–2.45) 2.7 (2.4–2.9) 1.7 (1.5–2) 0.001a

P-value o0.001a o0.001a o0.001a

Mean ATRS score
N 18 13 5
Preop 2.6 2.9 1.8 0.018a

Postop 0 0 0 1.000
Change (95% CI) 2.6 (2.1–3) 2.9 (2.4–3.4) 1.8 (1.2–2.4) 0.015a

P-value Po0.001a Po0.001a P= 0.001a

Mean PSFS score
N 18 13 5
Preop 3.1 3.9 1.4 o0.001a

Postop 0.3 0.4 0.2 0.934
Change (95% CI) 2.8 (2.1–3.6) 3.5 (2.9–4.2) 1.2 (0.2–2.2) 0.004a

P-value Po0.001a Po0.001a P= 0.033a

Abbreviations: ATRS, Adductor Tone Rating Scale; CI, confidence interval; DLM, dorsal longitudinal myelotomy; DREZL, dorsal root entry zone lesion;
MAS, Modified Ashworth Scale; n, number of analyzed muscle group; N, number of analyzed case; postop, postoperative; preop, preoperative; PSFS, Penn
Spasm Frequency Scale.
aStatistically significant difference.
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3 (16.7%). DLM and DREZL were performed in 13 (72.2%) and
5 (27.8%), respectively. Mean postoperative follow-up was
37± 22 months (range 6–73). Patient characteristics are
documented in Table 1.

Surgical outcomes
Preoperatively, 12 patients had unhealed decubitus ulcers at the
sacrococcygeal or trochanteric region. The ulcers were completely
healed after surgical treatment of severe spasticity in 11 and
improved in one. All of 7 patients who were bed-bound were able
to return to use of a wheelchair postoperatively. One patient who
was non-ambulatory before surgery (case no. 8) returned to an
ambulatory status with assistance after DREZL.
Preoperative and postoperative clinical parameters are

presented in Table 2. A statistically significant reduction of
spasticity was present. ATRS and PSFS were significantly
decreased in all operations and in overall analysis. In comparison
between DLM and DREZL, the DLM group had preoperative mean
MAS, ATRS and PSFS scores that were significantly higher than

those of the DREZL group. Postoperatively, the mean MAS score of
the DLM group was significantly lower than that of the DREZL
group, whereas there was no difference in the mean ATRS and
PSFS scores between both groups. The DLM group had a
significantly greater change in mean MAS, ATRS and PSFS scores
than the DREZL group.
Two patients in our series had concomitant intractable

spasticity and severe pain. Case no. 3 presented with intractable
painful flexor spasm of both lower limbs. Pourpre myelotomy
provided satisfactory outcomes in this patient. Complete extinc-
tion of flexor spasms and complete pain relief were achieved. Case
no. 5 had spastic paraplegia coexisting with post-SCI pain. Marked
improvement of flexor spasms and a reduction of her average
pain score (from 7 to 2) were accomplished after DREZL.
No recurrent spasticity was noted during the follow-up period.

Complications
One patient (case no. 4) developed hypotrophy of the bilateral
quadriceps femoris several months following DLM. Because 14 of

Figure 4. Improvement of sitting and ambulation after the procedures. (a) A complete thoracic SCI patient (case no. 1) suffered from severe
flexor spasms of both legs before the surgery. (b) After Bischof II myelotomy on the L1-S1 spinal cord segments, spasticity was eliminated and
the patient could sit better and ambulate with wheelchair. (c) A young female with incomplete thoracic SCI (case no. 5) caused by gunshot
injury at the T10 spinal level. She had spastic paraplegia and intractable pain before the operation. (d) Following DREZL on the L1-S1 spinal
cord segments, spasticity completely vanished and the pain markedly improved. Her pressure ulcer also healed.
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18 patients had complete spinal cord lesions (AIS A) and 1 was
classified as AIS B, they required intermittent or permanent
urinary catheterization and occasional fecal evacuation before
surgery. All of these patients, including the remaining three with
AIS C had no additional impairment of bowel and bladder function
after surgery. There was no operative mortality, worsening
of neurological status or development of spinal deformity in
follow-up period. However, there was no evaluation of sexual
function in this study.

DISCUSSION
Neurosurgery is an effective option in the treatment of intractable
spasticity. In the past century, a wide variety of destructive
surgeries on various neural structures had been commonly
used.19,20 Over the recent years, with the development of an
intrathecal drug delivery system, ITB has been increasingly utilized
while the popularity of ablative surgery has gradually diminished.
Nevertheless, in circumstances when ITB is unavailable or not
affordable, lesioning procedures can be valuable in well-selected
cases. Because these surgeries carry irreversible properties, careful
preoperative evaluation for selecting surgical candidates is
essential.
In the upper motor neuron syndrome, loss of supraspinal

inhibitory control makes spinal motor neurons hyperexcitable and
subsequently brings about exaggerated spinal reflexes.3,4 DLM
and DREZL endeavor to suppress function of hyperactive reflex
arcs. DLM disconnects the ventral and dorsal horns of the spinal
cord,13 whereas DREZL disrupts the spinal myotatic reflex at the
level of dorsal root entry zone.21,22 Consequently, all procedures
give rise to abolishment of spasticity. Localization of the precise
levels of the spinal cord and collateral roots by utilizing reliable
measures is mandatory to achieve favorable outcomes.
The Bischoff II myelotomy was pioneered by Bischoff in 1967.14

Several authors subsequently reported successful and reproduci-
ble results in eradication of intractable spasticity.23–27 In addition
to coronal disconnection between the ventral and dorsal horns
being the same as in Bischoff II myelotomy, the Pourpre procedure
(cruciform myelotomy) divides the spinal cord into two halves.
Theoretically, sagittal disconnection of the anterior white
commissure disrupts the spinothalamic tract where it crosses
the midline. Section of this tract which contains nociceptive fibers
probably results in the superiority of Pourpre procedure to the
Bischoff II myelotomy in the reduction of pain coinciding with
spasticity. Furthermore, a comparative study revealed that
patients who underwent the Pourpre myelotomy achieved
significantly more pain reduction than those who underwent a
Bischoff II myelotomy.27 These findings encouraged us to use the
cruciform myelotomy in case no. 3 who had painful spastic triple
flexion. Importantly, both types of DLM carry some risk of motor
complications caused by injury to the lateral corticospinal tract or
spinal motor neurons during lesioning with the low current
microsurgical coagulator. We therefore perform DLM only in
subjects without hope of regaining motor function and never offer
this operation to patients with residual motor function. However,
by using our lesioning technique, we have never encountered
residual or recurrent spasticity as has been found in previous
studies that used a myelotomy knife for lesioning.23,24,26,27

DREZL not only interrupts spinal myotatic reflexes but also
impedes nociceptive pathways within the spinal cord.21 The
inhibition of both results in diminished spasticity and pain.
Theoretically the surgery does not affect the descending motor
pathways. Therefore, we use it in patients with residual motor
function, with or without pain, and completely spastic limbs.
DREZL preferentially reduces proximal than distal limb spasticity,
so using two procedures, DREZL for proximal and selective
peripheral neurotomy for distal spasticity, is sometimes

required.5,28 In our patients undergoing DREZL, results revealed
a significant reduction of spasticity.
Eleven of 12 patients suffering from unhealed pressure ulcers

had healed ulcers postoperatively. Spasticity affects posture and
can lead to the development or worsening of pressure ulcers;
conversely, pressure ulcers can aggravate spasticity resulting in a
vicious cycle. Stopping severe spasticity can facilitate healing of
decubitus ulcers. All of seven patients who were bedridden
preoperatively could be positioned to sit, then were able to
ambulate with a wheelchair (Figure 4), while another undergoing
DREZL could return to walking with assistance. These outcomes
imply that intractable lower limb spasticity prohibits patients from
sitting, thus surgical correction can restore the potential to
ambulate by wheelchair or walking.
In a comparison between DLM and DREZL, preoperative

spasticity of the DLM group evaluated by the MAS, ATRS and
PSFS scores was significantly more severe than that of the DREZL
counterpart. The DLM group had the postoperative MAS scores
and change in all of the three spasticity scores better than those of
the DREZL group. These findings may indicate that the nature of
spasticity in patients undergoing DLM tends to be more severe
than in those undergoing DREZL in our study. We believe that
DLM is superior to DREZL in annihilation of refractory spasticity.
Moreover, selection of appropriate surgical methods can markedly
reduce spasticity.
A major concern about spinal cord ablative procedures is

additional neurological impairment, especially bowel, bladder and
sexual dysfunction. Preoperatively, all of our patients with
complete spinal cord lesions (AIS A) could not voluntarily control
the urinary and anal sphincters, so sphincter function was not
affected postoperatively. In patients with incomplete cord lesions
(AIS B and C) who underwent DREZL, the procedure was
performed carefully to avoid injury of the sacral spinal cord. By
subjective assessment after surgery, there was no deterioration of
bowel and bladder function reported by our patients. Preoperative
and postoperative sexual functions were not studied in the
present series. In our point of view, patients with voluntary control
of the sphincters or still have active sexual function should not
undergo destructive procedure on the spinal cord. The procedure
may impair sphincter control and may result in erectile dysfunc-
tion in men or sexual dysfunction in female. These issues must be
discussed with patients and documented before surgery.

CONCLUSION
Ablative neurosurgery on the spinal cord still has a major role in
the treatment of widespread or regional spasticity, particularly
in situations when ITB is unavailable. Localization of precise neural
segments is crucial in the accomplishment of good outcomes.
DLM and DREZL can effectively reduce spasticity, disrupt
hyperactive pathologic reflexes, facilitate healing of pressure
ulcers and improve the ability to ambulate. Nevertheless, because
of the irreversible properties and potential neurologic complica-
tions of these surgeries, surgical candidates must be selected with
caution.
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