Real-time prosthetic hand control using an ECoG BMI
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Fie. 2. Power spectrum of the ECoG signals during movement.
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A: Reconstructed MR image of the patient’s brain with

superimposed red circles indicating the position of the 60-channel grid electrodes. The yellow line indicates the location of the

central sulcus.

B: A power spectrum time locked to the external cues (Time 0 corresponds to the onset cue). The signals of

the primary motor cortex (indicated by the blue arrow in A) were obtained during the grasping task. The horizontal black line
shows the normalization period. ~ C: Contour map of the mean frequency power bands. For each frequency band and each type
of movement, the normalized power at 1 second after the onset of movement was averaged and shown on the location of the
electrodes. The alignment of the electrode is the same as in panel A.

tween the inferred onset and the actual onset of move-
ment was 0.37 + 0.29 msec (+ SD). The majority of the
patient’s hand movements were detected before the actual
onset of movement (Fig. 5 left). However, the actual onset
of movement of the prosthetic hand was delayed from the
inferred onset timing due to the processing time (Video
D.

VmEo 1. A prosthetic hand (with a white glove) mimicking
the patient’s hand movements. The markers on the patient’s
arm were not used in the present study. Click here to view with
Windows Media Player. Click here to view with Quicktime.

At the detected time, the type of movement was correctly
decoded with an accuracy of 69.2%. The patient’s hand
movements inferred by the 2 decoders were performed
by a prosthetic hand in real time (Fig. 5 right). Notably,
the patient was not trained to control the prosthetic hand.
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The prosthetic hand was successfully controlled to faith-
fully mimic the patient’s hand movements using only the
ECoG signals without any external cues.

Discussion

We have demonstrated that a BMI system using
ECoG signals can accurately reproduce a patient’s hand
movements without training the patient. The system
learned the features of the ECoG signals, while the post-
stroke patient moved his hand naturally following sound
cues. The real-time decoding of ECoG signals was then
successfully performed for movements without any ex-
ternal cues. This is the first report describing the con-
trol of a prosthetic hand in real-time using a BMI system
with ECoG signals. These successful results with a post-
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Fie. 3. Classification accuracy of the calibration period. The classification accuracy of the movement state (left) and the
movement type (right) in the calibration period. The accuracy of the 3 frequency bands (all) and each single frequency band (1-8,
25-40, and 80-150 Hz) were compared. The horizontal lines show the chance level for each classification.

stroke patient indicate the feasibility of the clinical use of
ECoG-based BMI.

Control of Prosthetic Hand by Classifying Simple
Movements

Although the movement tasks performed in this
study were simple compared with those in previous stud-
ies,'®?¢ the success of our approach suggests a new way
to restore the motor function of paralyzed patients. The
combination of simple movements generated by the pros-
thetic hand is useful for activities of daily living.** For
example, by classifying some simple hand movements
with EMG signals, an amputee was able to use a pros-
thetic hand to improve her quality of life. This method
of prosthetic control with simple movements may also
be useful for controlling the prosthetic hand with ECoG
signals. In addition, it has been shown that most variance
in human hand postures can be accounted for by a small
number of combined joint movements.?® This means that,
by combining some basic movements, a prosthetic hand
could emulate most of the natural postures of a human
hand. The control of a prosthetic device, by classifying
some simple movements, with ECoG signals will enable
a prosthetic hand to be a practical and useful device in a
patient’s day-to-day life.
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Furthermore, ECoG signals have the potential to be
decoded to infer more sophisticated movements such as
playing the piano. The ECoG signals of epilepsy patients
have been used to decode the movements of individual
fingers.'® Our method of controlling the prosthetic hand
may be improved by using ECoG signals obtained in
patients without motor dysfunction. In addition, the im-
plantation of a high-density electrode array in the central
sulcus may increase the information derived from ECoG
signals. It is necessary to improve ECoG-based BMISs not
only to adjust the control of a prosthetic device for ac-
tivities of daily living but also to improve the ability to
decode human motor representations.

Prosthetic Control by Paralyzed Patients

The clinical candidates for the BMI system are pa-
tients without muscle control of their limbs. Therefore,
our method should be applicable in patients with complete
paralysis. Previously, we showed that ECoG signals could
be neurally decoded in patients with monoplegia.’' Elec-
trocorticography signals from the sensorimotor cortex in
patients with brachial plexus avulsion were successfully
decoded when the patients only intended or attempted to
move their completely paralyzed upper limbs. The inten-
tion of movement was inferred accurately by a decoder
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Fic. 4. Left: Onset timing inferred by Decoder 1 for the calibration period. The rate of M inferred by Decoder 1 using the
1-second ECoG signals sliding by 200 msec from -2 to 2 seconds. The horizontal axis shows the middle time of the 1-s ECoG
signal (Time 0 corresponds to the onset cue). The gray bars correspond to the training data sets of Decoder 1. Right: The rate

of onset inferred by Decoder 1.
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Fic. 5. Real-time decoding and prosthetic hand control with
ECoG. A: The distribution of the actual movement onset timing from
the nearest inferred onset timing by Decoder 1 (free-run period). B:
Representative photographs of the prosthetic hand (with a white glove)
controlled by the poststroke patient’s ECoG signals in real time. A pros-
thetic hand (with a white glove) mimicked the patient’s hand movements.
The markers on the patient’s arm were not used in the present study.

trained by the same method used in the present study. By
using simple and common movements that can be easily
planned by patients, our method may be applicable to a
large number of paralyzed patients as a clinically benefi-
cial device to restore their motor functions.

Usefulness of ECoG Signals From the Gamma Band Power

Decoding analysis of the ECoG signals revealed that
the gamma band power was the most informative in in-
ferring the state and type of hand movement among the 3
frequency bands. This result was consistent with previous
studies in which human movements were inferred using
ECoGs."®2! Moreover, the power increase of the gamma
band correlates with the firing activities of neurons rep-
resenting neural information.®?° Thus, the information
contained within the gamma band facilitates the use of
ECoG signals in a clinically applicable BMI system.

Among the currently available signal platforms for
BMLI, intracortical recordings have been shown to provide
the largest amount of information to decode movements
by using the firing activities of neurons.?*** However, this
method is associated with difficulties in maintaining sta-
ble long-term signals and substantial technical difficulties
in recording the signals. Therefore, clinical application of
these signals is impeded.” Electrocorticography signals
are superior to intracortical signals with respect to sta-
bility and durability, as demonstrated in monkeys over a
1-year period.* On the other hand, with noninvasive signal
platforms, such as EEG and MEG, it is difficult to record
the gamma band power on a trial-by-trial basis.?’” With
ECoG, the gamma band power is consistently available
to infer movements on a trial-by-trial basis and may be
recorded for a much longer time than intracortical record-
ings. Therefore, although ECoG is an invasive recording
technique, it provides a promising signal that could be
used for a BMI in the clinical setting.
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Conclusions

The real-time decoding of the ECoG signal using the
gamma band power was applied successfully to allow a
paralyzed patient to control a prosthetic hand. This suc-
cess may lead to the development of a clinically feasible
BMI system that uses the safe and stable ECoG signals.
Our method of using the combination of simple move-
ments paves the way for the restoration of motor function
in paralyzed patients using a prosthetic arm controlled by
a BMI through ECoG signals.
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Appendix

Construction of the Decoders

The decoder is a mathematical algorithm used to calculate a
linearly weighted sum of the features x = (x,, X,, -, Xy) plus a bias
for each class of movement (“linear detector function,” g,,..(x)). In
the equation, x; corresponds to the i-th feature of N features, w, . is
the weight of the i-th feature, and w, ., is the bias. Here, each feature
corresponds to a certain frequency band power for each electrode.
That is, 3 (frequency bands) x 60 (electrodes) = 180 features that
were used for this calculation. The weights wy . and w,, were
determined for each class of movement such as grasping, opening,
and scissor-shape hands.

= W+ 205
gcluss(x) - w(),class + i=1 wi.cluss % xi

The class with the maximum value of g, (x) was chosen as
the predicted movement class.''?' In the case of Decoder 1, the class
corresponds to 1 of 2 states: R or M. For Decoder 2, the class corre-
sponds to 1 of 3 types of movement: grasping, opening, and scissor-
shape hand movements. The selected class indicated the predicted
movement state or movement type.

Individual weights and biases for each class were determined
using the linear SVM applied to a training data set.?® First, the SVM
algorithm was applied to each pair of class. The discriminant func-
tion, g;(x) for the discrimination of Class i and j, is expressed by a
weighted sum of the features plus the bias. Using a training data set,
a linear SVM finds the optimal weight and bias for the discriminant
function. The pairwise discriminant functions comparing Class i
and the other classes were simply added to yield the linear detector
function:

g00=2 . 8, (0
The SVM algorithm was implemented using Matlab 2007b.
Fivefold Cross-Validation

To test the generalization of the decoders, we used 5-fold
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cross-validation as a performance measure.>* We randomly divided
the trials into 5 blocks, using 4 for training and 1 for testing. We
then used all of the training data to train the classifier and evaluated
its performance on the test data. This routine was repeated 5 times,
and the averaged correct percentage over all runs is presented as a
measure of decoder performance.
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We read with great interest the manuscript of Bonilla et al.
entitled “Pain and brachial plexus lesions: evaluation of
initial outcomes after reconstructive microsurgery and
validation of a new pain severity scale” [3]. The authors
described a new pain scoring scale to quantify pain after
brachial plexus injuries and used it to assess patients' pain
before and after reconstructive surgery. Within this scale,
[3] the authors integrated pain intensity scale (measured on
a scale ranging from 0 to 10), with other parameters like the
disability in daily activities and sleep, pain frequency, use
of pain medication, and the number of zones affected by
pain.

We agree with the authors that the use of such a multi-
dimensional pain scale would be useful as a standard
outcome measure across studies for BPA pain that would
greatly enhance the comparability, validity, and clinical
applicability of these studies. Whereas most of the available
reports used pain intensity scales, such as the visual
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analogue scale as the sole outcome measure, the new pain
scale integrated factors beyond changes in pain intensity
which may be more objective and of more relevance to the
patient outcome.

One limitation of the above-mentioned pain scale is that
it did not distinguish between the different patterns of BPA
pain. It is well known that BPA pain has two patterns which
are quite distinct from each other in terms of frequency and
pain quality [5, 6]. Continuous background pain is usually
described as burning, throbbing, and/or aching sensations
and continues for a long duration, whereas paroxysmal pain
is usually described as “electrical shock™ or “shooting”
paroxysms and usually lasts only for a few seconds [3, 6].
Although the authors included pain frequency [3], described
as no pain to continuous pain, in their pain scale, this may
not be sufficient to allow distinction between the two types
of pain. Instead, we suggest that pain character (burning vs
shooting) be also included during evaluation [I, 4]. Each
type of pain should be quantified separately using visual
analogue scale [1, 4]. Separate rating for the two patterns of
pain will be particularly useful in evaluating the outcome of
neurosurgical procedures for BPA pain [1, 6], thereby
allowing clinicians to study the differential effects of the
procedures on pain. Sindou et al. reported that DREZotomy
was more effective for paroxysmal than continuous pain [6].
They explained the differential effects of DREZotomy based
on the distinct pain origin for each type of pain [6].
Paroxysmal pain is said to originate from hyperactive
neurons in the dorsal horn, whereas continuous pain
extend beyond the dorsal horn up to the thalamus [6].
Also recently, our group reported that electrical motor
cortex stimulation was more effective for continuous than
paroxysmal pain [1]. Therefore, it can be said that pain
classification is important to appropriately select patients
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for treatment and to better understand the underlying 2
mechanisms of pain as well [1, 4]. Finally, such distinction

goes in line with several previous reports which have
emphathized that classifying neuropathic pain, according 3.
to their different components, will help to develop a
mechanism-based treatment [2].
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RESEARCH—HUMAN-—CLINICAL STUDIES

Differential Efficacy of Electric Motor Cortex
Stimulation and Lesioning of the Dorsal Root Entry
Zone for Continuous vs Paroxysmal Pain After

Brachial Plexus Avulsion

BACKGROUND: Pain after traumatic brachial plexus avulsion (BPA) has 2 distinct pat-
terns: continuous burning pain and paroxysmal shooting pain. Lesioning of the dorsal
root entry zone (DREZotomy) is more effective for paroxysmal than continuous pain. It is
unknown, however, whether electric motor cortex stimulation (EMCS) has a differential
effect on continuous vs paroxysmal BPA pain.

OBJECTIVE: To analyze the differential effect of EMCS and DREZotomy on continuous vs
paroxysmal BPA pain in a series of 15 patients.

METHODS: Fifteen patients with intractable BPA pain underwent DREZotomy alone
(n = 7), EMCS alone (n = 4), or both procedures (n = 4). Pain intensity was evaluated with
the Visual Analog Scale, and separate ratings were recorded for paroxysmal and con-
tinuous pain. Pain relief was categorized as excellent (> 75% pain relief), good (50%-
75%), or poor (< 50%). Favorable outcome was defined as good or better pain relief.
RESULTS: Eight patients had EMCS; 7 were followed up for an average of 47 months. Of
those 7 patients, 3 (42%) with continuous pain had favorable outcomes compared with
no patients with paroxysmal pain. Eleven patients had DREZotomy; 10 were followed up
for an average of 31 months. Of those 10 patients, 7 (70%) with paroxysmal pain had
favorable outcomes compared with 2 (20%) with continuous pain.

CONCLUSION: EMCS was ineffective for paroxysmal pain but moderately effective for
continuous pain. DREZotomy was highly effective for paroxysmal pain but moderately
effective for continuous pain. It may be prudent to use EMCS for residual continuous
pain after DREZotomy.

KEY WORDS: Brachial plexus avulsion pain, Continuous pain, Differential efficacy, DREZotomy, Motor cortex
stimulation, Paroxysmal pain

Neurosurgery 68:1252-1258, 2011 DOI: 10.1227/NEU.0b013€31820c04a9 www.neurosurgery-online.com

eafterentation pain is a major disabling
Dsymptom after traumatic brachial plexus

avulsion (BPA).! Of patients with BPA,
as many as 90% complain of significant early
pain, but only 25% continue to experience se-
vere pain 4 years after injury.' Post-BPA pain is
known to be almost constantly unbearable and
resistant to all classes of analgesic drugs.”

ABBREVIATIONS: BPA, brachial plexus avulsion;
CS, central sulcus; DREZotomy, lesioning of the
dorsal root entry zone; EMCS, electric motor cortex
stimulation; VAS, Visual Analog Scale
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Typically, post-BPA pain has 2 distinct types:
continuous  background pain described as
burning, throbbing, and/or aching sensations
and electric shootmg paroxysms lasting a few
seconds to minutes."* These 2 distinct types of
pain appear to be the clinical expression of 2
different pain generators. Paroxysmal pain is
thought to originate from hyperactive neurons in
the dorsal horn, whereas continuous pain is
thought to originate from supraspinal structures,
particularly the thalamus.**

Since the early work of Sindou et al’ and
Nashold et al® in the 1970s, lesioning of the
dorsal root entry zone (DREZotomy) has been

www.neurosurgery-online.com




the preferred procedure for treatment of intractable BPA pain.
DREZotomy is designed to destroy hyperactive neurons in the
substantia gelatinosa either by microsun}gical incision and bipolar
coagulation’ or by thermocoagulation.” The reported pain relief
rate immediately after DREZotomy is 75% to 98%, but sus-
tained benefit is observed in only two-thirds of patients after
2 years.”” The major complications of the DREZotomy are
weakness in the ipsilateral leg and sensory disturbances, which are
seen in 5% to 10% of patients.””®

During the past 2 decades, electric motor cortex stimulation
(EMCS) has been used to treat deafferentation pain, particularly
central post-stroke pain and trigeminal neuropathic pain.”"’
Recently, several groups, including ours, used EMCS as a “last
resort” treatment for patients with BPA pain who failed or refused
DREZotomy.'*"® In these small studies, EMCS yielded
a moderare success rate of 40% to 50%.'*"'® A major limitation
for the use of EMCS for BPA pain remains the lack of reliable
predictive factors for success, which is particularly important
considering the modest success rate of EMCS for BPA and the
high cost of treatment.”"!

Sindou et al” first reported that DREZotomy has a differential
effect on the 2 patterns of BPA pain by showing that DRE-
Zotomy was more effective for paroxysmal than continuous pain.
Conversely, none of the previous EMCS studies analyzed the
differential effect of EMCS on continuous vs paroxysmal BPA
pain.'*"® Such a differential effect may be important with regard
to selection of treatment for patients. We report our observations
in 15 patients with BPA pain who underwent EMCS or DRE-
Zotomy and our analysis of the differential effect of EMCS and
DREZotomy on continuous vs paroxysmal BPA pain.

PATIENTS AND METHODS

Patient Population

Between January 1997 and January 2010, 15 consecutive patients
with intractable pain after BPA were referred to our institute and un-
derwent a total of 19 procedures: DREZotomy alone (n = 7), EMCS
alone (n = 4), or both procedures (n = 4). Two patients had EMCS afier
failed DREZotomy, whereas 2 patients had DREZotomy after failed
EMCS. All patients were men. The mean age was 47 years (range, 31-72
years) for DREZotomy patients and 51 years (range, 30-67 years) for
EMCS patients. The mean duration of pain was 12.8 years (range, 2-35
years) before DREZotomy and 10 years (range, 0.8-28 years) before
EMCS. Injuries were sustained in motorcycle accident (n =13), after
a fall from a height (n =1), and by a falling tree (n =1). In the majority of
patients (n = 9), pain appeared within 1 month of injury; the longest
interval between injury and onset of pain was 2 years. All patients had
sensory and motor deficits of varying degrees (Table 1).

Patient Selection

Most patients showed pseudomeningocele on CT myelography. In all
patients, pain was severe enough to interfere with normal daily activities.
Pain was unresponsive to a wide variety of medications, including tri-
cyclic antidepressants, anticonvulsants, and narcotic analgesics, for at
least 12 months.
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TABLE 1. Patient Clinical Characteristics”

Previous
Treatments

Global

Pain
Duration, y

Level of

Age y,

VAS

Pain Quality

Pain Pattern

Pain Onset

Injury Cause of Injury  Side

Sex

Procedure

Patient
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We typically recommend DREZotomy as a primary option for in-
tractable BPA and reserve EMCS for intractable residual pain after
DREZotomy. However, in the present study, some patients declined
DREZotomy and preferred EMCS as a first choice for fear of DRE-
Zotomy-related complications such as leg weakness.

Previous Treatment Trials

Six patients (40%) had previous surgical procedures for pain treatment
without adequate relief. Four patients had undergone spinal cord
stimulation, 1 had deep brain stimulation, and 1 had both procedures.
Two patients had undergone repetitive transcranial magnetic stimulation
preoperatively to predict the efficacy of permanent EMCS.'

Pain Characteristics

Thirteen patients (86%) suffered from both continuous and parox-
ysmal pain, whereas 2 patients (14%) had isolated continuous pain. Ten
patients described the quality of continuous pain as burning, 2 as
cramping, 1 as throbbing, 1 as squeezing, and 1 as paresthesia. Twelve
patients described the quality of paroxysmal pain as electric, whereas 1
patient described it as stabbing. The frequency of paroxysmal pain was
available in 10 patients. Three patients had paroxysms at a rate of 10 to
12 per day, 1 at 2 to 3 per day, 4 at 3 to 5 per hour, 1 at 1 per hour, and
1 at 3 per minute. In most patients, pain predominated in the distal
portion of the upper limb, particularly the hand. Median Visual Analog
Scale (VAS) for pain was 8 of 10 (range, 3-10; Table 1).

Evaluation of Pain Relief

We distinguished between continuous and paroxysmal pain by their
distinct quality and duration (please see above). Using VAS, we recorded
separate ratings of pain intensity for each type of pain ranging from 0 (no
pain) to 10 (worst possible pain).'” VAS was evaluated before surgery,
immediately after surgery, and at follow-up visits every 6 months.'* The
degree of pain relief was categorized as excellent for VAS reduction > 75%,
good for VAS reduction of 50% to 75%, and poor for VAS reduction <
50%. A favorable outcome was defined as good or better pain relief.”

Surgical Procedure
EMCS

Eight patients were treated with EMCS alone or in combination with
DREZotomy (Table 1). Trial electrodes were implanted in the subdural
space over the precentral gyrus in all patients and additionally within
central sulcus (CS) in 4 patients. We restricted implantation within CS
to patients with severe persistent motor weaknesses, who therefore had
low potential for further deterioration.

The location of the CS was identified by its characteristic omega shape
on magnetic resonance surface images. Under general anesthesia, a cra-
niotomy of a 5- to 6-cm area was performed over the sensorimortor cortex
corresponding to the upper extremity. A 20-grid electrode (4-5 array,
0.3-cm electrode diameter, 0.7-cm separation; Unique Medical Co,
Tokyo, Japan) was placed subdurally. The location of the CS was then
confirmed by phase reversal of somatosensory evoked potentials.
Occasionally, somatosensory evoked potentials could not be obtained
because of complete deafferentation. In thar case, we relied solely on CS
anatomic localization by magnetic resonance imaging.

In case of CS implantation, the arachnoid membrane of the CS was
microsurgically dissected, and the vessels within that sulcus were freed to
expose the hidden lateral walls of precentral and postcentral gyri. One or
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two 4-plate electrodes were then additionally implanted within the CS"
(0.3-cm electrode diameter, 0.7-cm separation; Unique Medical Co, or
Resume; Medtronic, Inc, Minneapolis, Minnesota).

After implantation of test electrodes, electrical stimuli were delivered
to various parts of the grid electrode and the 4-plate electrode aiming to
identify the best location for pain relief. One or 2 weeks later, a second
surgery was performed under general anesthesia. The test electrodes were
replaced by a Resume electrode, and an implantable pulse generator
(I'TREL III; Medtronic, Inc.) was then placed subcutaneously in the
chest or abdomen.

The stimulation parameters used were an amplitude of 0.9 to 5 V,
frequency of 25 to 50 Hz, and pulse width of 210-350 microseconds
with bipolar configuration. Chronic stimulation was applied continu-
ously for 15 to 30 minutes on each occasion 3 to 6 times a day."*

DREZotomy

DREZotomy was performed in 11 patients (Table 1) according to
the Nahold et al® radiofrequency thermocoagulation technique. The
lesioning electrode was introduced into the intermediolateral sulcus at
the site of rootlet avulsion for a depth of 2 mm and angled 25° to 30° in
the sagittal plane. A series of radiofrequency coagulation lesions were
made along the longitudinal extent of the intermediolateral sulcus, in-
cluding 1 level above and 1 level below the injured segments. The lesions
are made at intervals of 1 mm at 70°C for 30 seconds (Model RFG-3C
Graphics RF Lesion Generator, Radionics, Burlington, Massachusetts).
Thermocoagulation was performed under monitoring of somatosensory
evoked potentials and motor evoked potentials.

Statistical Analysis

We compared the percent VAS reduction of continuous and parox-
ysmal pain for EMCS using the 2-sample ¢ test and for DREZotomy
using the paired 7 test. A value of 2 < .05 was considered statistically
significant.

Ethical Considerations

Written informed consent was given by each patient before the
procedure. Approval was obrtained from the local Echics Review Board of
Osaka University Hospital for data analysis.

RESULTS

EMCS

Eight patients had trial EMCS: 6 had both paroxysmal and
continuous pain, and 2 had isolated continuous pain. Of those
8 patients, 1 patient who had both types of pain declined per-
manent electrode implantation. The remaining 7 patients un-
derwent permanent EMCS and were followed up long term for
an average of 47 months (range, 12-112 months).

The percentage of patients with favorable outcomes (> 50%
VAS reduction) was higher for continuous than paroxysmal pain,
both during the trial and with long-term stimulation (Figure 1;
Table 2). During the trial, 4 of 8 patients (50%) with continuous
pain had favorable outcomes compared with 2 of 6 patients (33%)
with paroxysmal pain (Table 2). At the latest follow-up visit, 3 of 7
patients (42%) with continuous pain had favorable outcomes
compared with 0 of the 5 patients (0%) with paroxysmal pain
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FIGURE 1. Visual Analog Scale (VAS) reduction percent for paroxysmal and
continuous pain in 8 patients who underwent electric motor cortex stimulation
(EMCS) and had long-term follow-up. The mean VAS reduction percent tended
10 be greater for continuous pain than for paroxysmal pain (28% vs 7%; P = .11,
2-sample t test). EMCS was ineffective for paroxysmal pain but moderately
effective for continuous pain. *These 2 patients had isolated continuous pain.
tPatient 9 failed trial stimulation and had no permanent implantation.

(Figure 1), and the mean percent VAS reduction was greater for
continuous pain than for paroxysmal pain (28% vs 7%; P =11, 2-
sample ¢ test). Of the 2 patients who underwent EMCS after
DREZotomy, 1 patient had good pain relief for continuous pain,
whereas the other had poor pain relief for both types of pain.

SURGERY FOR BRACHIAL PLEXUS AVULSION PAIN

DREZotomy

All 11 patients who underwent DREZotomy suffered from
both paroxysmal and continuous pain. One patient had < 6
months of follow-up and therefore was excluded from analysis of
long-term results. The remaining 10 patients were followed up
long-term for an average of 31 months (range, 12-61 months).

The percentage of patients with favorable outcomes was higher
for those with paroxysmal than for those with continuous pain in
both initial and long-term results (Figure 2 and Table 2). Im-
mediately after surgery, 10 of 11 patients (91%) with paroxysmal
pain had favorable outcomes compared with 8 of 11 patients
(72%) with continuous pain (Table 2). At the latest follow-up, 7
of 10 patients (70%) with paroxysmal pain had favorable out-
comes compared with 2 of 10 patients (20%) with continuous
pain (Figure 2), and the mean percent VAS reduction was greater
for paroxysmal pain than continuous pain (63% vs 26%; P = .01,
paired # test).

Complications

There was no perioperative mortality for either procedure.

EMCS

One patient (Patient 13; 12%) had local infection 9 months
after implantation. This diabetic patient presented with a deep
wound infection and dehiscence but no Tmeningeal irritation

TABLE 2. Results of 15 Patients With Electrical Motor Cortex Stimulation or Dorsal Root Entry Zone Lesioning for Brachial Plexus Avulsion Pain?
VAS Reduction, %
Age, y/Sex Paroxysmal Pain Continuous Pain S — Compligsiions ue
Patient Initial Pain Pattern  Procedure Long-term Initial Long-term mo Comments
1 40/M Con + Paroxy DREZ 100 100 0 33 61 No
2 72/M Con + Paroxy  DREZ 88 57 66 0 28 No
3 35/M Con + Paroxy DREZ 100 66 80 0 15 No
4 43/M Con + Paroxy  DREZ 100 0 0 0 24 No
5 52/M Con + Paroxy DREZ 100 100 100 100 17 No
6 47/M Con + Paroxy DREZ 88 100 86 14 12 Sensory disturbances and
transient leg weakness
7 35/M Con + Paroxy  DREZ 100 100 100 100 9 Sensory disturbances
8 64/M Con EMCS NA NA 90 80 36 Death after 36 mo (ICH)
9 67/M Con + Paroxy  EMCS 0 0 25 0 0 No permanent implantation
10 55/M Con EMCS NA NA 25 25 76 Removal after 76 mo
1" 30/M Con +Paroxy EMCS 88 0 84 50 50 No
12 56/M Con + Paroxy  DREZ 0 0 0 0 24 No
EMCS 56 22 76 10 112 No
13 59/M Con + Paroxy  EMCS 0 0 30 0 9 Removed after 9 mo owing
to infection
DREZ 100 100 75 14 53 No
14 31/M Con + Paroxy  DREZ 100 1 57 0 60 No
EMCS 33 20 71 57 19 No
15 49/M Con + Paroxy  EMCS 0 0 33 0 24 No
DREZ 100 NA 100 NA 6 Follow-up < 6 mo

“Con, continuous; DREZ, dorsal root entry zone lesioning; ICH, intracerebral hematoma; EMCS, electrical motor cortex stimulation; Paroxy, paroxysmal; VAS, Visual Analog Scale.
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FIGURE 2. Visual Analog Scale (VAS) reduction percent for paroxysmal and
continuous pain in 10 patients who underwent lesioning of the dorsal root entry
zone (DREZotomy) and had long-term follow-up. The mean percent VAS re-
duction was greater for paroxysmal pain than continuous pain (63% vs 26%; P =
.01; paired ¢t test). DREZotomy was highly effective for paroxysmal pain but
moderately effective for continuous pain.

signs. The infection was cured after removal of the EMCS device
and bone flap and antibiotic therapy. At operation, the infection
was limited to the subgaleal space and did not extend to epidural
or subdural space. No electrode dislocation, cerebrospinal fluid
leak, new neurological deficit, or any other complications were
recorded in our patients. One patient died 3 years after
implantation of a cause unrelated to the surgical procedure (in-
tracerebral hemorrhage).

DREZotomy

Two patients had postoperative neurological complications
(18%). Patient 6 had paresthesia and mild weakness of the ipsi-
lateral leg along with diminished pain sensation in the left hemi-
body. Both sensory disturbances and weakness improved on further
follow-up. Patient 7 showed postoperative diminished sensations in
the right hemibody, which improved on later follow-up.

DISCUSSION

DREZotomy has been reported to be more effective for par-
oxysmal than continuous BPA pain.® Conversely, there is no
report describing a differential effect of EMCS on these 2 types of
BPA pain.'*'® The main finding of this study is that EMCS also
had a differential effect. We found that EMCS was ineffective for
paroxysmal pain but moderately effective for continuous pain.
We also found that DREZotomy was effective for both types
of pain but was more effective for paroxysmal pain. Wicth EMCS,
3 of 7 patients with continuous pain (42%) had a long-term
favorable outcome, whereas no patients reported improvement
of paroxysmal pain. With DREZotomy, 7 of 10 patients with
paroxysmal pain (70%) had a long-term favorable outcome
compared with 2 of 10 patients (20%) with continuous pain.

Our finding that DREZotomy was more effective for parox-
ysmal pain than continuous pain is consistent with a previous
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report.” To the best of our knowledge, this is the first study to
show that EMCS is effective only for continuous BPA pain.'*'®
Before our investigation, only 10 patients have been reported in
the literature to receive EMCS for BPA pain. The overall success
rate of EMCS for BPA pain in our study was 42% (3 of 7
patients), which is comparable to the 50% (5 of 10 patients)
reported in these previous studies.'™'”'>'® However, each of
these studies evaluated only a single global rating for BPA pain
and did not distinguish between continuous and paroxysmal
pain.'*"'® Increasingly, the distinction between different patterns
of neuropathic pain is thought to be important to better un-
derstand the underlying mechanisms for each pattern of pain and
to study the differential effects of treatment."”

From a practical point of view, the differential effect of
DREZotomy and EMCS on the 2 types of BPA pain may be
helpful in setting the indication for treatment. The efficacy of
DREZotomy for both types of BPA pain makes it the procedure
of first choice. On the other hand, EMCS was moderately ef-
fective only for continuous pain; therefore, EMCS may be most
appropriate for isolated continuous pain or residual continuous
pain after DREZotomy. For isolated continuous pain, we had
a 50% success rate (1 of 2 patients) after EMCS in our series,
which is identical to the 50% success rate (5 of 10 patients) after
DREZotomy in the previous report.” For residual pain after
DREZotomy, EMCS represents one of the few viable therapeutic
options.”'® Spinal cord stimulation is another option but is
associated, in our exgerience and in that of others, with in-
consistent results.'®'” In our study, some patients preferred
EMCS over DREZotomy as a primary option because they
wished to avoid the surgical risks associated with DREZotomy
such as leg weakness and sensory dysfunction.”® This reflects the
most attractive aspects of EMCS, which are its reversible and less
invasive nature. Overall, the evidence regarding EMCS for BPA
pain is still very limited, long-term follow-up is unavailable, and
the cost of treatment is high.

The mechanism by which BPA pain is generated is still not
completely understood.® Both animal and human studies sug-
gested that neuronal hyperactivity from deafferented dorsal horn
neurons is the main generator of BPA pain.”*”*' However,
neuronal hyperactivity has been also detected in thalamic nuclei,
suggesting that supraspinal mechanisms contribute to pain
generation.* Sindou et al® first reported thart DREZotomy was
more effective for paroxysmal than continuous pain. A possible
explanation of this differential effect is that paroxysmal pain
originates from hyperactive neurons in the dorsal horn, whereas
continuous pain originates from supraspinal structures, particu-
larly the thalamus.”**>*' Knowing that EMCS is able to
modulate the activity of supraspinal structures, particularly the
sensory thalamus and cingulate gyrus, may explain its efficacy for
continuous pain.”*** The failure of EMCS to relieve paroxysmal
pain is more difficult to explain. It was reported that EMCS exerts
a descending inhibitory effect on the dorsal horn neuronal ac-
tivity™*; however, that effect may be interrupted as a result of
deafferentiation.”® Tt seems that each procedure acted through
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a distinct mechanism related to a particular type of pain:
DREZotomy eliminated hyperactive neurons responsible for
paroxysmal pain, whereas EMCS modulated the activity of su-
praspinal structures responsible for continuous pain.

Limitations

The main limitations of this study are the small sample size,
particularly for subgroup analysis and retrospective design. Al-
though the number of patients is small, it represents the largest
population of patients receiving EMCS for BPA in a single center.
However, our results are preliminary and should be reproduced in
a larger patient population.

In 4 patients who underwent both EMCS and DREZotomy
procedures, a residual effect after the first surgery, a “carryover”
effect, may be argued. However, such a carryover effect is unlikely
to occur after EMCS because its effects are reversible on discon-
tinuation of trearment. Moreover, the negligible pain relief effects
of the first procedure (either DREZotomy or EMCS) in those
patients (Table 2) argue against such a carryover effect. However,
because DREZotomy causes irreversible changes in dorsal horn,
a residual effect after DREZotomy cannot be completely ruled out
and remains a limitation of the present study.

Despite these limitations, our findings are of interest as the only
study to describe a differential effect of EMCS on BPA pain and
suggest that treatment and study of BPA pain in the future should
carefully distinguish between continuous and paroxysmal pain.

CONCLUSION

We analyzed the differential effect of EMCS and DREZotomy
for different types of BPA pain. EMCS was ineffective for par-
oxysmal pain but moderately effective for continuous pain.
DREZotomy was highly effective for paroxysmal pain but
moderately effective for continuous pain. It may be prudent to

use EMCS for patients who continue to have intractable pain
after DREZotomy.
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COMMENT

Brachial plexus injuries are classically considered a homogeneous
traumatic entity, and consecutive pain is thought to be a clinical
replica of experimental peripheral deafferentation. In fact, the so-called
brachial plexus avulsion (BPA) syndrome has some heterogeneous aspects.

BPA is followed by chronic pain in the deafferented area in 60% of the
cases on average (30% to 90% according to the published series). In-
cidence is quite different in relation to location of the disruptive lesion:
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< 33% for postganglionic location, ie, distal to the dorsal root ganglion,
as opposed to 90% for predominantly preganglionic locations.'**

Classically, pain after BPA appears in a standard clinical manner:
a continuous background of pain described as burning, throbbing, and/
or aching sensations or pain with electric shooting-like violent parox-
ysms. These 2 components may coexist with equal intensity; 1 type may
predominate over the other; or, rarely, 1 of the 2 may exist in isolation.

In a previous article devoted to outcome after dorsal root entry zone
microsurgical lesioning (DREZotomy) for pain resulting from BPA,” we
suggested that the 2 distinct types of pain be considered the clinical
expression of 2 different mechanisms. There are strong arguments that
paroxysmal pain arises from deafferented hyperactive neurons in the dorsal
horn.*"" Continuous pain might rather be in relation to supraspinal
generators, particularly at the thalamus, as the consequence of destruction
of the neurons at origin of the ascending spinoreticulothalamic pathways."!

So, as pointed out by the Japanese team, to study independently the
effects of surgery on the 2 components of pain is wise and of practical
importance. We have shown that microsurgical DREZotomy, although
effective on both components, had better effectiveness on the paroxysmal
component. Pain relief was obtained, in all the patients with paroxysms
only, in 75% of the patients suffering from both pain components and in
50 % of the patients who had continuous background only (7 = .04).”

Like us, the authors of the present article found a differential effect by
the DREZ procedure: 70% of the patients with paroxysmal pain had
favorable outcomes compared with 20% with continuous pain. In ad-
dition, they carried out motor cortex stimulation and compared the
results; 42% with continuous pain had favorable outcomes compared
with no patients with paroxysmal pain. Our experience with motor
cortex stimulation for pain after BPA is quite similar.

Because the pain after BPA is almost constantly unbearable and is
resistant to all classes of analgesic agents (including opioids), anti-
convulsants, and antidepressants, neurosurgery is the only recourse.
When patients are referred to the neurosurgeon, the majority have al-
ready undergone attempts to nerve repair. According to literature and
our experience, spinal cord stimulation is not particularly effective, es-
pecially when preganglionic lesions predominate. The reason is that most
of the fibers targeted by stimulation underwent degeneration up to the
brainstem. Lack of corresponding valid fibers in the dorsal column can be
ascertained by somatosensory evoked potentials. It has been shown that
impairment in central conduction time, ie, between dorsal root ganglion
cells and brain: N13 to N20 for upper limb and N22 to P39 for lower
limb, is a valuable predictor of failure of SCS."” Thalamic deep brain
stimulation, although quite logical from an anatomical/physiological
point of view, has not been confirmed as effective on pain after BPA. As
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proposed by the Japanese authors, DREZotomy has to be considered the
first option, at least when paroxysmal pain predominates; motor cortex
stimulation™ may be proposed when the continuous pain component
persists after completion of DREZ-lesioning surgery.

The authors have to be acknowledged for adding useful insights to
pain surgery. This article shows how surgery for neuropathic pain can be
effective if the neurosurgical method precisely targets the appropriate
anatomical site(s) and accurately corrects the various pathophysiological
mechanisms (and therefore components) of the pain.

Marc Sindou
Lyon, France
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FRERSMEARE (SCS) R BTEMEREEREBORBICEDTH B,
PR T 5 BIEPEERICH L TOESRIIRI STV, bt
NORRETO 30 FEB D BEHRPEHEPRIBIZHT 5 SCS DBBRE H<5. ¥
NTOEMIC SCSABRMEHITL, —BRREELT, BEIFETLE
SCS ZHAATE. FROBEE, EBRE (VAS) & patient global impres-
sion of change (PGIC) T47-7z. SCSREXFIB Tix 9EM (30%) T good
(50% < VASKF), 64EH (20%) T fair (30~49%), 15%# (50%) T poor
(30% >) ¥ E N, 10EFIEDAAEFLEL, 9 b IEFFEY (mean
28AR, 6~62H0) 7ru—&h, 35 7ENTCEERERBRSELN
(5 JEPIAS good, 2 FEBIA: fair). PGIC Tid, =D 7 el 6 5445 rank 2
(much improved), 1#E#i7% rank 3 (minimally improved) & ¥ %h, B
Y @ 2 fEPE rank 4 (no change), rank 5 (minimally worse) &M% Sh7e.
9AEHID VAS EfE R 86 mm 2*5 45 mm (ZHBITET L (p=0007). B
LILEPHER Lo SCSKE, WHEBMENBERO—BIZBVT, B
WRAEMT Y PU—VRRBT A LRSI, Bl L LT OTEBREIGER

shi-.

(R4 ¥ 2y =22 31:165-172, 2010)

¥—=T—F  BAERRER FHESNBRE

FUBHIC

AR R, AR LR O T
b, HICHIRTHY, BEPO1~8% ICRHE
T AN, R TEE SRR IC—B L
ZZAIERE LAESERTICE ALY, —H,
RIEVELS LRI s THEAELRL
RETIELY. BEBBLLTTI MY 75
U2, HNRYF VR, @8 E—BIREZBE
BIVEATE O &I 2 22 R E R St
AR OOEDH O, KF—KEBHHE
SRS (MCS) 258 50% B TH 598,
BHEERTHY, HENELELT27Y,

—J, SCS i failed back surgery syndrome
(FBSS), CRPS, kMR mMEEB, HRE
BRER, FHBHHRLEICHL, ToaME
PEESNTVEDY, BEPBAFBICELT
BEEEoHBEHEILWY. bhvbholEgT
1, HREEH BRI L ORI BT SN
BORBARE 1T o T, AR RER 05
BOHDARE TRIOTWE. F2T, TOH
BEEOVTHEL 2w,

1. fEH (Table 1) &FE

KBCKZE R ESF T, 200245 H 6
2009 4£ 7 B % TIT, 87 4 B 0 I Fp AR i R
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Wl R AT L7 (R — SR B B 10 4 by
13 ER, AR B 3 e SO e i« 59 KE I,
SCS : 30 EF, —EOEMITF —13—F v ).
SCS 30 FEBNT B 21 fEH1, otk 9w, T
i 648+74 (R +SD), FH&mERmLTH
2 448+3B5 A H TH 5. WEPFHBEN OB
1) BRI ERIE, i) Mgk
FCHE D MEREE, i) MEEESRAICANA
b, iv) BEMEF 23K EERE E M
L EOREFHIRTE S, D4HENZS5T
WBZEREMFE LY. T LEEERR
BHAFED H HRER], BNA R O FERRIIR
HL7:. 2EFID6 7 B U ECb 2 & BRI
Wd b, BRMIMATO RS, BRRHIM 12 FEH),
fbTHh % (Table 1, Figure 1). T XTHERE
PEZOWATHRZL, —HrbEs, 24FC
¥4 Tdh 5. Allodynia 2% 18 FEHFI (60%), I
RBBA1LES (37%) AL BED
BEREND LRI 20 FEF, PEENIE
BITH o 7z

FERARZ CEM AR MBEH L ¢, FHERENEL S
LT, 4B (Medtronic #t, PISCES-
Quad®) AL T, BEL AP LEBBIIC
BRAMNBRSBEHICEELY, H2HEHR
BRIB ATV, "5 A—-9 L2 TCHRESDRY
HELZ:% HROFECEDLLT—-HHEEL
Twa, EEBOBAIECL,ICEEBL, T
HWOBERE Ton CHB LA HELLBE B
BORERHNE, BE, BEZEHRENE
CHALT, 24275 —%8HK BETICERL
T, REBRRIRE AT L THEMEARED S hhid,
R H%EE (Medtronic #, ITREL II® £ 7213
SYNERGY®) % AjMg#f A& ICB b AA T
w5,

EIEDEHiix VAS (visual analogue scale)
TITv, BRFEAI R excellent (VAS TOE A
DETHE 0% LU L), good (VAS TOREHAD
B TFE50~79%), fair (VAS COBADET

................................................................................

% 30~49%), poor (VAS TD¥§H DK TH
30% ki) WAL, 6 BT EICEMEL .
Patient global impression of change (PGIC)
ERAET7AU—7 v 7RI L. Rank 1:
very much improved, 2 : much improved,
3 minimally improved, 4 : no change, 5:
minimally worse, 6 : much worse, 7 : very
much worse. Rank 1, 2 I3BRIRMICHEZE R
=LA

AREBRH OB OERIE T OREL 2 BI5T
TN L7z, “good” & “fair” 2 1BICT &0,
‘poor” b 1HELLL BREFTHLE
Wi, VERN, FOMEML (LB, FRBD, ZEmEIm,
WP ORRE, ME#BE 721X allodynia DF
Mg, EBPTEORRE & AP OBROEFEED
2HEREL.

2. & ® (Table 1)

1) BRI

REHH T, TRCOEFTLEDY —F
BORAY CAEAITRBOBREO,D
DRHEL Y, 6 FlE EBBO -0 GMEL X
V). 7R MRIBKT, good & &FMfi L Z-EEBIZ O
FEBI (30%), fair & 34l L 72 42 Bl 12 6 4 Bl
(20%), poor & EFAifi L 7-fE®IA% 15 £E61 (50%)
FAEL 7. VAS HRER 80mm 25 60mm |2
ARIET LA (p<0001).

B E 27 30 EFD S B, 20 EBIZ
WOAHEHLET, 105EBIDRAEDIAH
EHLEL:. 2EMIZ2BOEM (1 E%SEH,
18MHE) ZHEOAK L7 (No 24, 30). 4k
ABDHAH L7210 B O BRER 2 ¥ # % Ta-
ble 2i2F L7,

KAEDAAR L7 10ERAD S 5, RERH
T, THEBIX good, 2 fERNIT fair, 1 JEMIE
poor & ¥J5E L7z, EERAIHT poor LEFi & h
7o LRI AABDAAZFEL. (No. 2
Table 2), #DBREIZ VAS T255%DBREFIR
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Figure 1. lilustrated case (No. 16)
MRI T2 W@ % T AHRICHIB ORI Mz Bo 5 (a). KEEOEREOT CIREROR AN
ROMP-72DT, ROFIRIC paresthesia 7°¢ 5 & 5 (ol L~V BB E LB L (b)

Table 2. Patients characteristics and long-term follow-up for ten patients with permanent implantation

Pai Painful Sensory %VAS Latest

B =

' (months) treated Allod Hyperp  trig) ré)i:cﬁfn PGIC i
2 54F 12 Lithahem  RUL  Mid  + 4 2 205 16
3 59F 97  Reputhem  LtLL Mild -+ 50 50 2 62
4 65 M 30 Rtthalbem  LtLL - - - 56 50 2 60
6 64F 68 Ltputhem  RtLL Mild |+ - 30 D 36

8 75F 24 Ltthalhem  RtLL Mild - - e 57 2 a
11 66F 32  Rtpurhem  LtLL Mild o+ - 57 57 2 24
15  6.M 33 Lithalinf  RtUL  Mid - - 23 3 2 2
16 48M 11 Rtputhem  LtLL Mld  + - e 19 4 12
24 5LF 46  Rtputhem LtLL& UL' Mid  + - 57 57 2 12
30 7LM 82  Rtthalhem  LtLL Mild  + + 77 ND* ND®  NDb

*This patient had less than 6 N months follow-up at the time of latest follow-up and was therefore excluded from long-term-~
follow-up analysis,

*This patient had two electrodes implanted, but only results for the thoracic electrode are included in statistical analysis.

For PGIC : 2 = much improved ; 4 = no change : 5 = minimally worse,

VAS - visual analogue scale, PGIC : patient global impression of change, M : male, F : female, Rt : right, Lt left, put:
putaminal, thal : thalamic, hem : hemorrhage, inf: infarction, LL : lower limb, UL : upper limb, ND : not determined
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Figure 2. VAS pain scores for ten permanently implanted patients
No. 0DBEE 7+ 0 =T v 7B 6 H Il w0 T, Ef7+u—BREORK»SBA L. BFO
T7AB—T v TIB B VAS OPEEIR 86 25 45 ICHEIZET L7 (p = 0007).
Baseline : FI#FI D VAS, Trial : SEREIEEFD VAS, After 1y:SCSHEBHAA I EHD 7+ 0~T v 7

o VAS

PELN, BRHEHREIEN TRV KAIEDIA
AEHEL.

2) BFO7+0-7v7EE (Figure 2)

BHO7+0—7 v 7T, 1R (No
30) E6HFILT+u—T v I VDT
Bl 7+ o—FErHEBALE. BYD9E
BixFH28H»8 (12~62H8) o7+ 00—
Ty THMTHo7z. BT +0—7 v THIC
X 7B VASTEELRMHR (5 EH
good, Z2¥EH fair) 2% SN 7z. PGIC scale T
i3 6 FEFIAS rank 2 (much improved), 1 fEHI
#3rank 3 (minimally improved) T® - 7-.
7 EFIERERD 1 B 2~10 Blof# s EH L
W7z, Poor LEFHliS N2 MDD B, 14
#li& rank 4 (no change), b % 1L rank
5 (minimally worse) T& - 7. G EH »

VAS O & B {12 86mm (70~ 100mm) #»* 5
45mm (30~80mm) (p=0007) (Z{&T L 7.
9HEFI DI VAS I THRIZ 415% (19~57%)
Thol:. TEFOER7 + u-—-CRIFLBHE
BREOLNTWAIETE, FHVASEKTER
465% (30~57%) THo7-.

Poor L FFfli L7z 2 EH DS H, 1IEM TR
Bi#E X 0wz, LLBRSRSA LN
72 (No. 2). BE#l 74+ u—did, HIEICHES
paresthesia # AR EBEC T, BRBHRESEDS
hiadol b9 1LADEE (No. 16) xR
B L URMIC X good & BEM X iz A,
%412 SCS OEIRASHEE L7z,

HH L@ D/ T X —%—1315~60V,
2V A g 210 psec, JE i Bi 31Hz (10~
50Hz) DAL R—F—HIFTH5.
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3) & B &

2P TEBOMBEAD THIT CEHEAELIA)
FTHAN, BRICIIES o7 71—
7 v 7RI 1ES (No. 4) #5SCS & 13 ER 4%
ZEETRERC L.

4) HBRTBOBREDR EEFRMVEOBE

FICABRBOBRERR & BRSOz
EELHBEIRCHE 2o, EEIBMS
AMEBBTHADZ LA poor BIZBWT, good
Fhidfair HE Y BB VEE D L0, BEE
37 (p=0074).

3. % ¥

SCSi, ChIETREPBRERICH LTI
WEBPDRL, BREFEVEEZLNTE
729, AR, WIS OB B ERE O
BEICBWT, SCSPBREDREEZRTIER
WELARAOMETH 2, RBEHICBVT
B, RFEBOBEIERLBRBEHREERL
(Table 1). & 5129 fERIF 7 EBOEH TF
¥228AR 6~62HH) O7xu—7 v SH
MR CAEZBREBSHRIE ON (Table 2).
Z D 7 FEFIPR, 6 FERIE rank 2 (much improved),
1 FEBNZ rank 3 (minimally improved) & PGIC
scale TEHMliz, FHD VASEK T 465% T
Holz.

BEOHEE TIX, FBSS BED 80%7%, B
B T50% L LOEBRBEIBOLL L SR
Tw3. SEORMEPEERICHT 5 SCS T
iX, 50%DBEI 0% LOBRERERL,
0% HB0%LLLOBREHREERL, BED
FBSS BE I T 2 BRI ROMEL V3% 5
FRERo L L, WRETBEEIIMBICHE
BESL R, BEREHHET, BErELLE
EREZDHE, TOREOWHEMRCTCHIEET
HbLEZOLNS,

bhbhOMasRY, BED 2 DOHEHR

................................................................................

ERBAERBICHTLSCSHEZHEL T
55, BRAOHFEIbLLROGRIGEL, 10
FEGIR 3R T, BEPEAREIRER TS
A, 28 H OHE L, 45 EH P 3ER O M
T60% U EDBMAMBRPRIICHE SN,
bbb N ORFIETIE, 30% DB EL
DBELLTEBY, 04uEHF6ERNT (FH
VASE TS 515%) ED W  BERE &
HE I ZO6%E H i PGIC scale T
much improved Z#K L7z, bhbhofi

& Katayama 5 O iZ, good L HIZET 5
BMEDBENICEZLDTH S, BUENHEHRD
BIFLHIET HAEHEICMT S a v RI3H
EL2WE, L OMRITBVT 0% DRHE
PEBLRBRINEHEL LTCHESITWAD,
50% DBRIERIROEZRIIPLPHLVEDLEL S
ha, #hwz, @FEOHETIEIABD 2K
DHERKE D%, SCS D RZE h & E I
THHEMELZ BPEEL TCW D Thnh b
ZAbhab,

EYPEIHE OB R BRI OREL T a v
BRELNTWES. MCSIZHS0%IZERTH S
EHEINTWAT, LA L, MCS ZRE
BTRHRLBERICBONS, —F, SCSEH
BN T, BEERT, HMESRE, &
ENREOBEHEMIET T, KBRE,
RAYZYZy ZJIETHRATTE A, fhof
RERIBF BT, B8 SCS AR 8
BEVZITANR T, REMBMAAR) & H b
SN THOEMIIMBICHETHZLITE
5. bhvbhofigkcix, MEE 25280 ER
FDOT Wi,

2 P B BT DL DA 1Bk 4 Th B
¥, BOIZVOIRFFEEIREERNT, K
FREOKMUCHRIELZ LHEBHTH
59, FEREEM 2% BB D paresthesia TH
N—F5Z LD, SCSHERDOLESLET
HBOT, SCSOIY—4 vy b LLTBRESN
TEREBMNTH LI ERET LW, SEOK
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T, BRHBIMIC L 2 ROEEARDSE L,
ASBEHO—BE St lRHL AR ICRES 2
OCEVWERFEZREITHEARAOLZ®, /7
FRITRVRERFHREREASCSIZELTWAS &
FExbhi: FOBEELT, FHLD D
DEFBEEZEHRLEEOT IS RN LR
BFohaY. M2 T, ROEEKIXMCSOE
BELTRELTBLY, —REHHFORDHE
BACERERIZEICHFET S0, FREET
RMTHLIRBETHL:DTHHD,

RER BT 5 BUSER FHll+ 5 lBREF
DFFT T, EHPAMERR I E TS
B, HEE TN T SCS FUSHEA & £
LT IiEIEOR: ZoHmRitEED
WET, SCSIHERMI D DFERE IR
Dhunin ) MREEMFITTVWEY, AR
DEEE, IABDAARBEOKRSE TR
REBE L 72, SCS BRI BIE, ARAMDALE
OESHHEOFER L LT, BEBRTEROD
A2b0LEZ NS,

SE ORI T, EABSZVEIWEL 2N
Trll, BARNMETHL I LAMELE
AoN5, BEPFBEROBEHEITEL, R
BIEINTWBEILIBNWEEZ LAY, 10O
DHETEBEMN BN T L IR%ETH
5. ) 1Oo0MBEAL LT, MBENRZN
ENBFOLNL. SCSIRRIMBENHLDT,
2EEBRRBRTY vy AR EAsESZELH
HThHAHY RFWBLHBLLCRETLO
LB LIZWR R, FRERRWIELD,
SCSOEMUOPIZEBEIBRER LD
PEENTWBEEZLANLWED S Lk
A, RO R EAMEREL, B
TAHDEHTHAY. ThbOBENEOBR
XD, BEERERBEERO—HOBE TR
SCS AR ZEEa Y bu—V2REET 2 &
DO EZ TS, LYVBAGIEFYX
135101, BBER TORHFRMFESLE
ThhrtEIOLNA.
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T OBIFEIE SCS SR BT o B B v K
BO—BOBRFREIY Po—LEbl-oT
TEERMELARDORETH L. WMEPHBE
FEIrtd 5 SCS ORI R, RIED BFOR
ELBVbO TR, L, BEFE
I 2 257, HRESRTH Y, ok
BEFLVWS ER D, COBREORBYRTD
BEETHLLEEZONE. 44, HHFENHR
REBEB T LT, SCSHEBICRBT
HREREPBETHIENET LW,
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