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ABSTRACT

Objective: Outcome for carpal tunnel syndrome (CTS) patients (who previously failed stan-
dard medical/surgical treatments) treated primarily with a painless, noninvasive technique
utilizing red-beam, low-level laser acupuncture and microamps transcutaneous electrical
nerve stimulation (TENS) on the affected hand; secondarily, with other alternative therapies.

Design: Open treatment protocol, patients diagnosed with CTS by their physicians.

Setting: Treatments performed by licensed acupuncturist in a private practice office.

Subjects: Total of 36 hands (from 22 women, 9 men), ages 24-84 years, median pain dura-
tion, 24 months. Fourteen hands failed 1-2 surgical release procedures.

Intervention/Treatment: Primary treatment: red-beam, 670 nm, continuous wave, 5 mW,
diode laser pointer (1-7 J per point), and microamps TENS (<900 #A) on affected hands. Sec-
ondary treatment: infrared low-level laser (904 nm, pulsed, 10 W) and/or needle acupuncture
on deeper acupuncture points; Chinese herbal medicine formulas and supplements, on case-
by-case basis. Three treatments per week, 4-5 weeks.

Outcome Measures: Pre- and posttreatment Melzack pain scores; profession and employ-
ment status recorded.

Results: Posttreatment, pain significantly reduced (p < .0001), and 33 of 36 hands (91.6%)
no pain, or pain reduced by more than 50%. The 14 hands that failed surgical release, suc-
cessfully treated. Patients remained employed, if not retired. Follow-up after 1-2 years with
cases less than age 60, only 2 of 23 hands (8.3%) pain returned, but successfully re-treated
within a few weeks.

Conclusions: Possible mechanisms for effectiveness include increased adenosine triphos-
phate (ATP) on cellular level, decreased inflammation, temporary increase in serotonin. There
are potential cost-savings with this treatment (current estimated cost per case, $12,000; this
treatment, $1,000). Safe when applied by licensed acupuncturist trained in laser acupuncture;
supplemental home treatments may be performed by patient under supervision of acupunc-
turist.

tAcupuncture Healthcare Services, Westport, Massachusetts.
2Department of Neurology, Boston University School of Medicine and Department of Veterans Affairs Medical
Center, Boston, Massachusetts.



INTRODUCTION

arpal Tunnel Syndrome (CTS) is an en-

trapment neuropathy of the median nerve
at the wrist, due to compression of the median
nerve as it passes from the forearm to the
palm, beneath the transverse carpal ligament
(Stevens, 1997). A consensus on diagnostic cri-
teria for CTS is lacking (Dawson, 1993;
Stevens, 1997). However, there are specific
signs and symptoms associated with CTS, in-
cluding paresthesias, numbness and tingling
in the sensory distribution of the median nerve
for thumb, index, middle, and radial side of
ring finger, Tinel sign, Phalen sign, hypoes-
thesia, nocturnal awakening, specific pain di-
agrams for the hand, and sometimes hand
weakness (Matte et al., 1989; Katz et al., 1990;
Dawson, 1993; Hennessey and Kuhlman,
1997). Nerve conduction studies (NCSs) are
the primary definitive test, although test re-
sults considered to be compatible with CTS
vary somewhat across studies (Stevens, 1987;
Feldman et al., 1987, AAEM Quality Assur-
ance Committee, Jablecki et al., 1993; Stevens,
1997; Vennix et al., 1998).

The etiology is unknown, however, CTS oc-
curs more commonly in workers whose tasks
involve repetitive hand movements, such as
computer keyboard typing, operating machin-
ery, and assembly line work. Overuse syn-
drome (cumulative trauma syndrome, repeti-
tive strain injury [RSI]) has accounted for more
than 50% of all occupational illnesses in the
United States (Rempel et al., 1992); it may be a
result of concentration of the workload on a
few smaller groups of muscles (Dawson, 1993).
CTS may be a minority of the cases of overuse
syndrome, however, “collection of relevant
data has been hampered by the lack of con-
sensus among researchers in the field.” (Daw-
son, 1993, Stock, 1991).

Current standard treatments for work-re-
lated CTS include, initially, conservative treat-
ments and later, if necessary, surgical release
of the transverse carpal ligament. Conservative
treatments include adjusting the work envi-
ronment, and using wrist splints and non-
steroidal anti-inflammatories (NSAIDs) (Feld-
man et al., 1987; Mackinnon and Novak, 1994).
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Direct injection of steroids into the carpal tun-
nel may provide relief for only 2-4 months
(Slater and Bynum, 1993); and at 18 months
only 22% of patients may be free of symptoms
(Gelberman et al., 1980).

Surgical release of the transverse carpal lig-
ament is performed in approximately 40% of
CTS cases, with estimates of more than 460,000
procedures performed each year, and a direct
medical cost of over $1.9 billion (Levine et al.,
1993; Palmer and Hanrahan, 1995). Good-to-ex-
cellent results for pain relief are observed in
80% of these cases, however, only 40% regain
normal function; 5% worsen (Cseuz et al., 1966;
Armstrong and Villalobos, 1997). Office work-
ers return to work in a few weeks; those work-
ing in heavier labor require 4-6 months of re-
habilitation.

CTS requires, on average, the longest recu-
peration period of all injuries or illnesses that
require days away from work (Brogmus and
Marko, 1990). In 1995, half of all workers af-
flicted with CTS missed 30 days or more of
work (BLS Reports, 1995). According to data
from one state (Washington State Department
of Labor & Industries) in 1992-1994, occupa-
tional CTS averaged 2.9 per 1000 workers per
year (Daniell et al., 1998). “Two-thirds (67%) re-
ceived compensation for . . . median, 119 lost
work days . . . and 27% for permanent partial
disability. Cumulative medical and disability
compensation costs during 1986-1994 (in
Washington state) were $158- and $225 million
dollars.” (Daniell et al., 1998).

In 1996, the estimated incidence in the United
States was 2 million cases (Brody, 1996). The
National Council of Compensation Insurance
finds the average claim for CTS to be $29,000,
with the full cost being $100,000 if lost pro-
ductivity is taken into account (BLS Reports,
1995). In 1993, the cost to treat one case of CTS
without surgery in California was $5,246, and
with surgery, $20,925 (CTDNEWS, 1995). The
average cost to treat one case of CTS nation-
wide is about $12,000 (Clairmont, 1997); the to-
tal cost in 1 year could be as high as $12 to $24
billion.

There is need for new, less expensive and
more cost-effective, conservative treatments for
CTS/RSI. This article presents clinical outcome
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data for CTS cases treated with a new, alter-
native treatment program using primarily two,
noninvasive, painless, treatment modalities,
eg, red-beam laser and microamps transcuta-
neous electrical nerve stimulation (TENS), to
stimulate acupuncture points on the affected
hands (Naeser and Wei, 1994; Naeser, Hahn
and Lieberman, 1996; Naeser et al., 1997). In
addition, other secondary, Oriental medicine
treatment modalities were used, including
stimulation of deeper acupuncture points on
the posterior neck, shoulder, and elbow area
with infrared-beam laser and/or needle
acupuncture, moxibustion, Chinese herbal
medicine formulas and/or supplements. As is
common practice in traditional Chinese med-
icine (TCM), each patient was treated with an
individually determined treatment protocol.
The single common treatment that every pa-
tient received was the stimulation of hand
acupuncture points with red-beam laser and
microamps TENS. The other secondary, Ori-
ental medicine therapies varied from case to
case, as determined by TCM diagnosis (utiliz-
ing palpation, pulse diagnosis, tongue diag-
nosis, and patient history). This article pre-
sents information on how low-level laser
acupuncture, microamps TENS, and other al-
ternative treatment modalities were used to
treat a series of CTS patients who had failed
to obtain pain relief after standard med-
ical/surgical treatments for CTS.

REVIEW OF NEEDLE ACUPUNCTURE TO
TREAT CTS PAIN

There are two uncontrolled, anecdotal clini-
cal studies with needle acupuncture to treat
CTS. Chen (1990) observed a success rate of
97.2% where 35 of 36 cases had good-to-excel-
lent outcome after 4-29 treatments (2-8 weeks).
Fourteen cases had failed surgery; the duration
of pain prior to acupuncture ranged from 2
months to 10 years. Follow-up at a mean of 5.1
years showed 24 of 29 cases (82.8%) to be pain-
free. Wolfe (1995) observed a success rate of
87.5% for 14 of 16 CTS cases who were treated
with needle and electroacupuncture, moxibus-
tion, and Chinese herbs.

RATIONALE FOR LOW-LEVEL LASER
ACUPUNCTURE TO TREAT CTS PAIN

Since the early 1980s, low-level lasers have
been used anecdotally to stimulate acupunc-
ture points (instead of needles) to help treat
pain (Kleinkort and Foley, 1984). Low-level
laser acupuncture also has been used to help
treat paralysis and spasticity in adult stroke pa-
tients (Naeser et al., 1995), and cerebral palsy
in babies and children (Lidicka and Hegyi,
1994; Asagai et al., 1994); its wide variety of
uses is reviewed by Naeser and Wei (1994). The
use of low-level laser to promote wound heal-
ing and treat a variety of pain disorders has
produced variable results (there are no defini-
tive guidelines yet determined for ideal wave-
length of the laser beam, power of the laser out-
put, number of joules, frequency of treatments,
etc.); these topics have been reviewed by Bas-
ford (1989; 1993).

Low-level laser stimulation is noninvasive,
and it produces no feeling when applied to the
skin—no heat, no cold, no pain. The high-level,
cutting lasers used in surgery are around 300
W. Low-level lasers in the range of 5-500 mW
are classified by the Food and Drug Adminis-
tration (FDA) as class IIIb lasers (U.S. Depart-
ment HHS, 1985). When used within FDA
safety guidelines (not shown directly into the
eyes), and approved by an Institutional Review
Board, low-level laser studies are considered to
be “Nonsignificant Risk Device Studies” (FDA,
1986, p. 7-96).

EFFECT OF LOW-LEVEL LASER ON THE
CELLULAR LEVEL

While the mechanisms through which laser
stimulation affects cells are not completely un-
derstood, research on this has been underway
with low-level, red-beam, helium neon (HeNe)
laser since the 1960s (Mester et al., 1967; Gama-
leya, 1977; Mester et al., 1982; Mester et al,,
1985; Karu, 1987), and reviewed by Basford
(1989; 1993). There is an optical window be-
tween 600 and 1300 nm wavelength (red-beam
to near-infrared), for laser penetration into hu-
man skin (Anderson and Parrish, 1981). Red-
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beam laser light appears to have a shallow pen-
etration, 0.8-mm direct energy (Seitz and
Kleinkort, 1986), whereas lasers in the infrared
range have a deeper penetration, up to 1.5
inches (Seitz and Kleinkort, 1986; Hudson,
1997). As the laser beam passes through tissue,
however, it is rapidly reduced in its incident
intensity. For example, with red-beam laser, the
incident intensity may be only 37%, within only
a few millimeters. However,with infrared laser,
the penetration may be several millimeters
more (Basford, 1993; Kolari, 1985; Anderson
and Parrish, 1981). Hudson (1997) has observed
a 904-nm infrared laser beam to be detectable
at greater than 50% output power, at 1-inch
depth penetration in bovine muscle tissue (10
W, pulsed at 3500 pulses per second (pps); Re-
spond Systems model 2400, Branford, CT). The
low-level laser effects are not based on thermal
mechanisms; there is perhaps no more than a
0.1°C to 0.75°C increase (Basford, 1989; 1993;
Walsh et al., 1995).

Basic research with red-beam, low-level laser
has observed the following effects on the cel-
lular level in rat liver mitochondria (Passarella,
1989): (1) The optical properties of mitochon-
dria are influenced by HeNe laser irradiation
(Passarella et al., 1983). (2) Adenosine triphos-
phate (ATP) extrasynthesis occurs in mito-
chondria after HeNe laser irradiation (Pas-
sarella et al., 1984; Passarella et al., 1987). (3)
Laser irradiation generates new mitochondrial
conformations as revealed by electron mi-
croscopy studies (Passarella et al., 1988). (4)
Oxygen consumption has been observed to sig-
nificantly increase with a 660-nm laser, 10
mW /cm? output (at 0.6 J/cm? and 1.2 J/em?)
(Yu et al, 1997). Other significant cellular
changes were also observed including in-
creased phosphate potential and energy charge
(at 1.8 J/cm? and 2.4 J/cm?) in the Yu et al.
(1997) study.

OTHER POSSIBLE EFFECTS OF
LOW-LEVEL LASER

Low-level laser biostimulation may have an
anti-inflammatory effect. Goldman et al. (1980)
observed an anti-inflammatory effect in
rheumatoid arthritis; a decreased level of cir-
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culating immune complexes as measured by
platelet aggregation was observed during the
use of real (not sham) laser. Palmgren et al.
(1989), also working with rheumatoid arthritis
cases, observed real laser treatments with an
820-nm infrared diode laser on the finger joints,
as well as sham laser treatments, to signifi-
cantly decrease pain; however, only those pa-
tients receiving the real treatments also showed
a significant trend toward decrease in sedi-
mentation rate and number of leukocytes.

Walker (1983) has suggested that HeNe
laser affects serotonin metabolism, because a
large increase in urinary excretion of 5-hy-
droxyindoleacetic acid was noted after 10 red-
beam, HeNe laser treatments, in patients who
were successfully treated for chronic pain af-
ter 30 treatments, in a placebo-controlled,
double-blind study. Sham stimulation had no
effect.

Walker and Akhanjee (1985) have suggested
that because low-level laser produces no de-
tectable thermal change, it may be photochem-
ical reactions that alter neuronal activity. Pho-
tons may interact with chromophores (optically
active molecules) on nerve membrane (Ander-
son and Parrish, 1982; Regan and Parrish, 1982;
Smith, 1980). Walker and Akhanjee (1985) also
mention that alternatively, light may interact
with rhodopsin kinase or a rhodopsin kinase-
like protein that occurs in different areas of the
nervous system (Somers and Klein, 1984).

EFFECT OF LOW-LEVEL LASER ON
NERVE CONDUCTION

The effect of low-level laser irradiation on the
conduction velocity of the median or superfi-
cial radial nerve in asymptomatic human vol-
unteers has been examined with conflicting re-
sults. Snyder-Mackler and Bork (1988) reported
a significant increase in latency in the superfi-
cial radial nerve compared to placebo (p < .01)
using red-beam, HeNe laser at 19 m]/ cm?. Bas-
ford et al. (1993), however, using 830-nm (near-
infrared) at 1.2 ] per point, observed a signifi-
cant decrease (p < .016, p < .046) in motor and
sensory distal latencies (DL) respectively, rela-
tive to placebo control. Other studies with 830-
nm laser, especially at 1.5 J/cm?, have shown
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significant increases in antidromic conduction
latencies (Baxter et al., 1994; Lowe et al., 1994).

LOW-LEVEL LASER TO TREAT CTS PAIN

In an uncontrolled study with open protocol,
23 cases with CTS (30 hands) were treated with
830 nm, 30 mW laser (9 ] per point), at 5 points
along the median nerve at the wrist/hand
(Weintraub, 1997). A normalization of DL com-
pound muscle action potential (CMAP) in 11
hands and tendency to improve in 23.4% was
observed, reversing CTS in 77% of cases. Also
in a separate uncontrolled study, with 35
CTS/RSI cases, using 830 nm, 100 mW laser
(12-30 ] per point), Wong et al. (1995) success-
fully treated 91.4% of cases by treating only at
the posterior neck region (C5-T1, not the
wrist/hand) over an 8-month period (10 treat-
ments). No NCS data were included in the
Wong et al. (1995) study.

Rationale for microamps TENS to treat CTS pain

Most standard TENS devices use milliamps,
and the patient feels a tingling sensation under
the TENS pads. Milliamps TENS is believed to
reduce pain, in part, through the Gate Control
Theory (Melzack and Wall, 1965). Microamps
TENS is different and the patient feels nothing.

Effects of Microamps on the Cellular Level. Mi-
croamps stimulation has been observed to have
an effect on adenosine triphosphate (ATP) con-
centrations and protein synthesis on the cellu-
lar level in rat skin (Cheng et al., 1982). In the
Cheng study, ATP concentrations were in-
creased by as much as 300% to 500% in cells
stimulated with constant currents between 25
A and 1000 pA; the greatest stimulatory ef-
fects were obtained around 500 pA. Currents
greater than 1.5 mA can decrease the ATP con-
centrations, and decrease the protein synthesis
and transmembrane movement of metabolites
(Cheng et al., 1982). Standard TENS devices op-
erate in the 20 to 80 mA and higher ranges; lev-
els that may deplete the cell’s ATP and meta-
bolic processing capabilities. Microamps
stimulation has been used in a double-blind
study to successfully treat chronic low back
pain with 40 patients where each patient re-

ceived a total of 16 treatments (Meyer and Ne-
brensky, 1983).

Real versus sham laser acupuncture and
microamps TENS to treat CTS pain

A treatment protocol using red-beam, low-
level laser and microamps TENS to stimulate
hand acupuncture points to treat CTS pain was
developed in 1990 (Naeser and Wei, 1994, pp.
40, 94). A pilot research project has been in
progress at the Department of Veterans Affairs
Medical Center, Boston, Massachusetts, and
the Department of Neurology, Boston Univer-
sity School of Medicine, Boston, Massachusetts,
since 1994, where real versus sham laser
acupuncture and microamps TENS are used to
treat CTS/RSI pain (Naeser et al., 1996; Naeser,
1997a).

It is possible to conduct controlled research
with low-level laser and microamps TENS be-
cause each device produces no feeling—no
heat, no cold, no pain. The patient’s hand is
treated behind a hanging black curtain, and the
patient is not aware whether either device is
turned on, or off. The research protocol uses a
continuous-wave, 15-mW, 632.8-nm, red-beam
laser (HeNe; Dynatronics model 1620, Salt Lake
City, UT); a pulsed, 10 W, gallium arsenide, 904-
nm, infrared diode laser (Respond Systems
model 2400, Branford, CT); and a microamps
TENS (<900 nA, MicroStim model 100, Mi-
croStim, Tamarac, FL). The 15-mW HeNe laser
has a 2-mm diameter probe tip used to stimu-
late acupuncture points (66.6 seconds equal 1]
2.07 seconds equal 1J/cm? energy density; it is
a class IlIb laser. The pulsed, 10-W infrared
diode laser utilizes a pulse width of 180
nanosends “on” time. There are six different
pulse frequencies, ranging from 73 pps to 3500
pps. At 3500 pps, the milliwatt equivalent out-
put is only 5.92 mW. The fiberoptic cable has a
5-mm diameter probe tip used to stimulate
acupuncture points (at 3500 pps, 168.9 seconds
equal 1J; and 33.1 seconds equal 1 J/cm?. This
pulsed, 10-W laser is a class IIIb laser; it will not
burn the skin. All devices are donated on con-
signment, by the companies that produce them.

Overall, 10 cases (10 hands) have been
treated in this ongoing research (8 men, 2
women; ages 40-68 years, mean 52.7 years, SD,
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10.3). The duration of hand pain ranged from
3 to 30 months, mean, 14.6 months, SD, 10.6;
median, 15 months). The pretreatment nerve
conduction study data showed the cases to
have only mild/moderate CTS, ie, the motor
distal latencies were 6.5 ms or less, and the sen-
sory latencies were 4.4 ms or less (n = 7), or ab-
sent (n = 3). No severe CTS cases with abnor-
mal electromyogram were included.

The low-level laser acupuncture and mi-
croamps TENS treatment protocol (number of
joules and treatment times) used in the con-
trolled research is similar to the treatment pro-
tocol in the present clinical outcome report (ex-
plained below, under Treatment Method).
Briefly, the red-beam laser and microamps
TENS were used on the affected hand; and the
infrared laser was used on deeper acupuncture
points on the posterior neck, shoulder and el-
bow areas. Patients felt no stimulation during
any of the treatments (real or sham).

The shallow acupuncture points on the hand
were treated with the 15 mW red-beam laser
while the patient was seated at a table and the
hand was placed behind a hanging black cur-
tain. Most of these shallow points were treated
with 1] per point (66.6 seconds; or 33.2 J/cm?).
The deeper acupuncture points on the poste-
rior neck, shoulder and elbow were treated
with invisible infrared laser that, of course, the
patient could not see, even during the real in-
frared laser beam emission. Using the 10W
pulsed infrared laser, the deeper acupuncture
points were treated first with a higher fre-
quency pulse rate (3500 pps for 1 minute, 1.8
J/cm?), then at lower frequency pulse rates for
a few minutes (584 pps for 1 minute, 0.3 J/cm?;
and 73 pps for 1 minute, 0.04J/cm?). Treatment
times varied from case-to-case depending on
the type and location of pain. Patients were
treated three times a week (every other day);
they received about 1 month of real or sham
treatments, with a cross-over design for 1 more
month of treatments. All cases received a series
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of real and sham treatments. The persons ob-
taining the Melzack pain scores and the Nerve
Conduction Study data were blind as to which
treatment condition the patient had just com-
pleted. No additional Oriental medicine treat-
ment modalities were used with these research
subjects.

There was a significant reduction in the
Melzack pain scores after the real treatments
(p = .0048), but not after the sham. The mean
Melzack pain score, pre-real treatment was 17.5
(SD, 11.5); the mean Melzack pain score, post-
real treatment was 4.1 (SD, 6.0). The mean
Melzack pain score, pre-sham treatment was
14.6 (SD, 11.2); the post-sham mean was 11.4
(SD, 13.7).

There was a significant decrease in the me-
dian nerve, sensory latency after the real treat-
ments (p = .006), but not after the sham treat-
ments. The mean sensory latency, pre-real
treatment was 3.98 (SD, 0.72); the mean sensory
latency, postreal treatment was 3.73 (SD, 0.68).
The mean sensory latency, pre-sham treatment
was 4.09 (SD, 0.58); the postsham mean was
4.07 (SD, 0.66). There was no significant de-
crease in the median nerve, motor latency af-
ter either the real treatments or the sham treat-
ments.

All 10 patients were able to resume prior
work with less or no pain including computer
keyboard, handyman (cement laying, electrical
wiring), house painter, plumber. All cases have
remained stable in their pain reduction at 1-3
years follow-up, except for one case.l This con-
trolled research project is continuing.

METHODS

Subjects

A total of 36 hands were treated in this clin-
ical outcome report. There were 31 CTS cases
(22 females, 9 males) (Table 1). The age at en-
try ranged from 24-84 years (mean, 55.2, SD,

IThis complex case was a 59-year-old woman who had had insulin-dependent diabetes since age 21; she had sus-
tained a brain stem and left frontal lobe stroke affecting the CTS hand 2 years prior to the laser acupuncture treat-
ments. Her CTS pain returned within 1 year after completion of laser acupuncture treatments, and although some
follow-up treatments initially relieved the pain for 3 more months, these treatments became ineffective. Subsequent
steroid injection into the carpal canal also failed to provide pain relief beyond a 3-month period.






