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Abstract

Carpal tunnel syndrome (CTS) is a neuropathy caused by entrapment and
compression of the median nerve as it passes through the carpal tunnel in the wrist,
leading to a decrease in nerve transmission to and from the hand. Symptoms include
pain, numbness, tingling, aching, and loss of motor and sensory function in the first
three digits of the hand. These symptoms are typically worse at night and can awaken
the individual. CTS is more common in women than men, and is a common occurrence
in occupations involving repetitive motions of the upper extremity. A vitamin B6 deficiency
has been found in many patients with CTS, and treatment with B6 or its bioactive form,
pyridoxal 5’ phosphate, is helpful in the majority of cases. Addressing the individual's
occupational biomechanical and/or ergonomic factors, in addition to manual manipulation
and the therapeutic use of anti-inflammatory substances such as bromelain can be of
significant benefit and may decrease the need for carpal tunnel release surgery.
(Alt Med Rev 1997;2(1):26-35)

Introduction

Carpal tunnel syndrome (CTS) has been defined as an entrapment neuropathy of the
median nerve as it passes through the space created by the carpal bones of the wrist and the
transverse carpal ligament (flexor retinaculum), often resulting in a loss of sensory and motor
nerve function. Any process which can occupy space may cause compression and malfunction
of the nerve, including edema, fibrosis, tuberculosis, acromegaly, rheumatoid and osteoarthri-
tis, sarcoidosis, amyloidosis, tumors, recent or poorly healed fractures, and multiple myeloma.
Endocrinological problems such as diabetes mellitus and hypo- and hyperthyroidism may also
cause CTS symptoms. However, idiopathic localized tenosynovitis is considered to be the most
common cause, especially in middle-aged females. Of increasing concern in recent years is
occupational carpal tunnel syndrome (OCTS), usually related to repetitive movements of the
upper extremity, especially those involving flexion or extension of the wrist. (See Figure 1)

Diagnosis

A complete history of the patient’'s symptomatology, work habits, and other potential
etiological factors should point the practitioner to the etiology. However, due to the numerous
potential causes of CTS it may be necessary to rule out the above-mentioned compressive,
inflammatory, and endocrinological factors. Typically, the patient presents with pain and
paresthesias in the distribution of the median nerve, either unilaterally or bilaterally. Often, the
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patient’s chief complaint is awakening at nigh A study of 994 patients diagnosed with
with paresthesias in the hand. They may also CTS revealed that 395 (38%) associated thejr
complain of “clumsiness” during activities symptoms to their job. In patients treated
requiring fine motor skills, such as buttoning,  allopathically, only 14.3% had satisfactory al-
writing or sewing. CTS can be differentiated leviation of symptoms using combinations of
from thoracic outlet syndrome, in which the|  splinting, NSAIDs, job/activity change, and
entire hand, or perhaps the ulnar portion of steroid injections. Carpal tunnel release sur
the hand, is more likely to be involved. Inle-  gery occurred in 20%. In 494 patients subse
sions involving the nerve root, the patient quently treated with B6 (pyridoxine 100 mg.
rarely is awakened at night with paresthesias, bid) alone or in combination with splints and/
and use of the hand does not bring on symp- or a job change, 68% had complete or satis
toms. factory alleviation of symptoms. The authors
Neurological tests such as Tinel’s (tap suggest that those who suffer from occupation
ping the palmar surface of the wrist in hyper:  ally-induced CTS have a predisposition to carr
extension causing tingling into the media pal tunnel syndrome which is aggravated by
nerve distribution of the hand) and Phalen’s their occupational activities. It is interesting
(sustained flexion of the wrist for 60 second to note that 42.5% of these patients had un
or less causing CTS symptoms) can be help- dergone hysterectomy or oophorectomy
ful in diagnosing CTS. Electromyographic| which may be a factér.
(EMG) studies may also be utilized to differ-
entially diagnose CTS, with decreased ner FIGURE 1. Nerve Distribution of the Hand

conduction velocities and increased dist Note - The median nerve passes beneath the flexor
motor latencies in the median nerve frequen retinaculum, but the ulnar nerve does not.
seen.

Conservative allopathic treatment co
sists of splinting the wrist, non-steroidal an
inflammatory drugs, and steroid injection
Surgical decompression of the carpal tuni
is often effective in advanced cases.

CTS is more common in womer
especially those who are pregnant or taki
oral contraceptives, conditions which ha
been associated with an increased need
vitamin B6.1 In patients with CTS, vitamit
B6 deficiency is often foun&’ and many
clinical and double-blind studies hayv
demonstrated that vitamin B6 supplementati
can alleviate the symptoms of CTS;13even
in those patients without laboratory eviden Median Nerve
of a vitamin B6 deficienc}? A few studies
have shown no clinical benefit from B
supplementatiof?-16

Ulnar Nerve
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phy of the thenar muscles a 12-week trial o
B6 (100-200 mg/day) is warranted. If the CT
has progressed to thenar atrophy, the patient
should still be put on B6 long-term; however,
a surgical consult may be necessaty.

Pyridoxal 5' Phosphate,
The Bioactive B6

Vitamin B6, a nutrient essential in
amino acid metabolism, neurotransmitter syn
thesis and glycogen breakdown, is widespread
in nature, but is found only in small amounts
While pyridoxine HCI has been the standar
B6 supplement, pyridoxal 5' phosphate (PLP
is the active, coenzyme form of B6 and is th
only form which can be used by the enzyme
involved in biochemical processes associate
with nitrogen and protein metabolism and
heme synthesis. PLP is the coenzyme for
aspartate aminotransferase (AST, also known
as SGOT), the enzyme which catalyzes tran-
samination of aspartate to glutamate, and ala-
nine aminotransferase (ALT, also known a
SGPT). Assays for these enzymes, which are
thought to leak from hepatocytes during live
injury, are among the most frequently per
formed laboratory tests, and are used to as-
sess hepatocellular damal§af PLP status is
compromised, however, AST and ALT levels
may be abnormally low. In addition, PLP is
required in enzymatic processes responsible
for the deamination and transamination o
amino acids, deamination of hydroxy-amino
acids and cysteine, conversion of tryptopha
to niacin, synthesis of picolinic acid, and me-
tabolism of most fatty acids.

Although the enzymes necessary t
transform the various dietary forms of B6 into
active PLP have been found in the brain
erythrocytes, spleen and kidney?s?0 the
majority of the enzymatic conversion to PLP
occurs in the liveel An abundance of
pyridoxine phosphate oxidase in the liver, an

a unique transport mechanism also point to the
liver as the main source of PLP. Therefore,
patients with impaired liver function are at
greatest risk for functional vitamin B6
deficiency, unless supplemented with the
active form.

The Effect of Liver Function on

Pyridoxal 5' Phosphate Formation
Several studies using subjects with
compromised livers have supported the theory
that the liver is the primary site of PLP forma-
tion. Up to 90% of those with severe cirrhosis
suffer from B6 deficiency8 Acute episodes
of excessive alcohol intakéand chronic al-
cohol abuse have been shown to depress
plasma levels of PL¥: presumably by alter-
ing hepatic phosphorylation of pyridoxal. One
study compared the effect of administration
of pyridoxine HCI versus PLP in three alco-
holic subjects, two of which suffered from
hyperferremia and bone-marrow sideroblasti
changes. Serum iron decreased significantl
and sideroblastic abnormalities reverted tc
normal when PLP was administered, but ng
with pyridoxine HCI23 In another investiga-
tion using eight vitamin B6-deficient cirrhotic
patients, pyridoxine HCI (50 mg twice a day)
increased plasma PLP levels in only four of
the subjects on average from 2.4 to 18.5 ng/
ml. PLP (50 mg twice daily), on the other hand
was effective in all eight subjects, increasing
plasma PLP levels on average from 3.3t0 27.0
ng/ml18 Labadarios et al found that pyridox-
ine HCl increased plasma PLP in only 33% of
those with liver disease, while all patients re:
sponded to PLP supplementatin.

- O < O

Riboflavin and CTS

Folkers, et al found that a deficiency
of riboflavin (vitamin B2) may affect the uti-
lization of B6. He found “many patients with

Page 28

Alternative Medicine ReviewVolume 2, Number 11 1997
Copyright©2001 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



CTS” who demonstrated deficiencies of B2

and B6. CTS patients were tested for riboflar

vin deficiency by measuring the activity of the
riboflavin-dependent enzyme erythrocyte glu-

tathione reductase (EGR) and B6 deficiency

by testing the activity of erythrocyte glutamic-
oxaloacetic transaminase (EGOT). In a single
case study, after five months’ treatment with
50 mg riboflavin, the patient subjectively im-
proved to the point of having only mild, inter-
mittent CTS symptoms. The patient’s objec:
tive evaluation (pinch strength) also improved
significantly (p <0.001). EGR activity in-
creased during this time period, indicative of
a positive outcome of treatment for the ribo-
flavin deficiency. The addition of 500 mg py-

ridoxine HCI for three months increased the

activity of EGOT, as well as the activity of
EGR. The patient was symptom-free after thi
combined therap§.The positive response in

this patient may be due to the dependence on

riboflavin for the bioconversion of pyridox-
ine to the phosphorylated, active form of vita-
min B6, pyridoxal-5’ phosphate; thus a ribo-
flavin deficiency can cause a functional PLP
deficiency$:25.26This dependence on ribofla-

vin for B6 conversion provides an argument

for supplementing riboflavin when using py-
ridoxine in CTS. Moreover, it provides a ra-
tionale for the use of PLP in carpal tunnel syn
drome, as PLP is the active form and does n
need to be converted.

Pyridoxine “Toxicity”

Supplementation with high doses of
pyridoxine can cause a peripheral neuropath
possibly by overloading the liver’'s capacity
to phosphorylate pyridoxine to PLP. Thus,
pyridoxine may compete with PLP for binding
sites, effectively shutting off PLP from
exerting its effects and causing a relative PLI
deficiency?’” There have been no published
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reports of peripheral neuropathy with
supplementation of PLP.

Bromelain: Effective

Anti-Inflammatory
Bromelain, the enzyme fraction ob-
tained from the pineapple plant, has also bee

used clinically with success in the treatment

of CTS. Initially introduced as a therapeutic
agent in 1957, bromelain is usually derived

from the stem of the plant, and is a mixture of

several proteases and small amounts of no
proteolytic enzymes. Physiologic actions of
bromelain include: anti-inflammatory action,
smooth muscle relaxation, inhibition of blood
platelet aggregation, improved wound healing

and when taken with meals, enhanced diges-

tion.28-38

Several mechanisms may account for

bromelain’s widely utilized anti-inflammatory

effects: 1) enhanced proteolytic activity at sites

of inflammation; 2) fibrinolysis activity via the

plasminogen-plasmin system; 3) depletion of

kininogen; and 4) inhibition of biosynthesis
of pro-inflammatory prostaglandins and induc-
tion of PGE-1 accumulatio#?.31.32.38While
bromelain has been demonstrated to be a
sorbed intact (up to 40% of ingested amount
the proteolytic actions are inhibited by serum
factors31.32 suggesting that the first mecha-
nism has only limited effect under normal cir-
cumstances. The latter three mechanisms a
closely interrelated, since after tissue injury
the kinin, complement, fibrinolytic and clot-
ting systems are all activated.

Fibrin’s role in promotion of the
inflammatory response is to form a matrix that
walls off the area of inflammation resulting in
blockage of blood vessels and inadequat
tissue drainage, while the kinin system cascad
results in the production of kinins (e.g.,
bradykinin and kallidin) which increase
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vascular permeability causing edema as we
as evoking pain. The potent ability of
bromelain to deplete plasma kininogen (the
kinin precursor) and activate fibrinolysis by
stimulating plasmin production via
plasminogen activation, results in
depolymerization of fibrin, thereby preventing
fibrin clogged venous stasis and edefha

Perhaps more importantly, plasmin has been

shown to block the mobilization of arachidonic
acid by phospholipases, reducing the
production of pro-inflammatory prosta-
glandins and leukotrienés.

The effect of orally administered bro-
melain on the reduction of edema, bruising
healing time and pain following various sur-

gical procedures has been demonstrated |n

many clinical studie8-30.34,36.3k\alker et al
demonstrated that bromelain administered
orally following trauma significantly reduced
the development of injury in skeletal muséde.
Bromelain is also used in treating a
wide variety of trauma-related injuries, espe-
cially sports-related injury. In a study involv-
ing boxers, bromelain cleared all signs of
bruising within 4 days in 78% of the boxers,
the remainder clearing completely in 8 to 10
days. In comparison, the control group had
only 14% clearance after 4 da3fs.
Bromelain is virtually non-toxic (no
LDsg exists up to 10 g/kg), and long-term use
appears to be well toleraté@d Although no
significant side effects have been noted,
allergic reactions may occur in sensitive

individuals, and use should cease immediately

if sensitivity manifests (urticaria or skin rash
has been noted). Unless bromelain is being
used as a digestive aid, administration is
usually recommended on an empty stomach
(at least one hour prior to, and no less than
two hours after eating). In carpal tunnel
syndrome, 1000 mg of a bromelain with at
least 3000 m.c.u./ gram potency is typically

dosed three times a day, between meal
Several practitioners report that the
combination of bromelain with pyridoxal 5'

phosphate in the treatment of CTS yields

results superior to the use of pyridoxine HC

alone (see accompanying practitioner

interviews).

Manipulative Treatment of CTS

Manipulation of the carpal bones has
been shown to be helpful in the treatment o
CTS. In a study of 20 abnormal wrists, all were

found to be at least moderately restricted ir
their range of motion, compared to mild or no
restriction in control wrists. Doctor manipu-

lation and patient-initiated stretching resulted
in an increased range of motion of the carpa

bones into the normal range, followed by im-
provement in nerve conduction studies withir
1 to 3 months?

Treatment of four patients with

myofascial release manipulation and self:

stretching resulted in improved distal laten-
cies and motor neuron amplitudes, along witt
an MRI-documented increase in AP and trans
verse dimensions of the carpal tunffel.

Wong and colleagues, in a study of 35

female office workers diagnosed with CTS due

to a repetitive stress injury, found that these
individuals had pain and tenderness to palpa
tion at the spinous processes of C5-T1 and

the medial angle of the scapula. Low level la-
ser (100 mW) was used to treat the pain at the
spinous processes, with subsequent resolution

of pain and paresthesias in the arms and hanc
and a reduction in pain at the spinous pro
cesses. It was theorized that because of po
posture, with the head and neck forward an
shoulders rounded, these workers develop
cervical spine radicular dysfunction resulting
in CTS symptomatologit
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Conclusion
The symptoms and life impact of car-
pal tunnel syndrome can range from a bothe

some nuisance to a chronic, disabling disease

process. Researchers have found a direct c¢
relation between CTS and a deficiency in the
bioactive form of vitamin B6, pyridoxal 5’
phosphate (PLP) and have found that treatme
with 100-200 mg/day of pyridoxine for at least|
12 weeks is highly beneficial in reducing the
symptomatology and B6 deficiency associate
with CTS.

Carpal tunnel syndrome is very preva-

lent in workers whose occupation requires

them to perform forceful, repetitive motions

with the upper extremities. Some researcher

suggest that these individuals have a biochem
cal predisposition to developing CTS which
is uncovered by their repetitive physical stress
Combinations of vitamin B6, splinting and job
change have been shown to be significantl
effective in treating CTS, and more effective
than B6 supplementation alone. The additio
of the anti-inflammatory bromelain and
manual manipulation of the wrist can be of
further benefit, along with postural education
in the conservative treatment of CTS.
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Practitioner Interviews on
Carpal Tunnel Syndrome

Question - What are your general thoughts
regarding the Carpal Tunnel Syndrome
(CTS) patient?

Dr. Cox - “I've seen quite a few patients who
have not presented with classic CTS symptom

but rather have identified upper back pain, etc.

as their chief complaint, with only a passing
reference to arm or hand pain, numbness

weakness or paresthesias. To make a long di
agnostic story short, eventually CTS is diagr
nosed with the aid of an EMG study. So, | now
start thinking CTS whenever a patient's comr
plaints include any of the classic signs and

symptoms, even if they are de-emphasized
the patient.”

Dr. Martinez - “I think that the main thing is

that the more overt the syndrome, the less like
it is that the patient is going to respond favor-
ably, so you focus your differential on the se

verity of the symptoms. For example, are they
)

awakened by it every night, or is it something
that just bothers them when they are using th
extremity?

That makes it more of a practical ap-

plication. | see a few groups of patients: the
subclinical patients, where they are bothered

occasionally, only with activity; others are
bothered just by their occupation, that is
regularly; and then the truly symptomatic
group, with mild to severe disability.”

Dr. Tyler - “Because of the extensive research
connecting vitamin B6 deficiency to CTS,

want to examine the patient’s diet for adequat
B6 intake, but more importantly looking for
B6 antagonists, such as yellow dye #5, an
drugs like hydralazine, dopamine,

y

19%

penicillamine, oral contraceptives, and even

excessive protein intake. These can all rende

the patient functionally B6 deficient. A word

of caution - megadoses of pyridoxine HCI can

be toxic and may even cause nerve damage

taken in massive doses over a long period of

time. For this reason, | prefer the activated
form of B6, pyridoxal 5' phosphate.”

Question- What are some of the biomechani-
cal issues that you see in these patients?

Dr. Cox - “In many of these patients it is criti-
cal to get them to change their sleeping
posture. So often they are sleeping on thei
stomachs, resulting in significant spinal
rotation, especially at the cervical-dorsal junc-
tion. A wrist splint is very helpful, since it pre-
vents both hyperflexion and hyperextension g
the wrist. Wearing the splint at night will pre-
vent the unconscious hyperflexion which

causes so much of the night-waking with

paresthesias. | also recommend exercises bo
to stretch the muscles of the chest (pectorali

major and minor, subclavius) and to strengthen

the muscles of the upper back (levator scapu
lae, rhomboids, upper and lower trapezius). |

want them to limit their use of weight machines

which build up the pectoral muscles, and row;

ing machines, which dont work the shoulders

far enough posteriorly.”

Dr. Martinez - “Resolution of some of the
biomechanical factors can really help to take
the stress off of the median nerve. When peop
are sitting, they may do toe pointing, that is,
sitting with their feet pulled back and their toes
pointed. This contracts gastroc/soleus, which
pitches the head forward and can be a
perpetuating factor in CTS. If they have to hold
their shoulders up, because the chair isn't high
enough when working at a table or countertop
then wrist rests are helpful. If there are
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repetitive actions involved in their occupation,
then it is important for them to figure out how
to vary the activity so that they don't

chronically use just one set of muscles. | also

find it important to have patients do stretching
exercises aimed at the pectoral group and th
scalenes.”

Dr. Tyler - “From a therapeutic standpoint
you may wish to look for a subluxation of the
spine at C-6 through T-1 levels affecting part
of the brachial plexus and thus contributing
to its hypersensitivity. Using wrist splints is
helpful in trying to avoid excessive flexion and

extension movements of the joint. Even afte
recovery, | recommend that the splint be worn

if the patient is going to engage in activity
which could reactivate the condition, e.g., op-
erating a computer or typing for long periods
of time. Gentle lateral bending of the wrist is

sometimes helpful in retaining the patency of

the carpal tunnel.”

Question - Other than dealing with biome-
chanical issues and exercise, what is your ge
eral therapeutic approach to the CTS patient

Dr. Cox - “I give 2 capsules of a 500 mg, 3000+
5000 m.c.u./gram bromelain 3 times a day

always between meals. | also have the patient
take 100 mg of pyridoxal 5' phosphate twice
daily. My experience in the past has been that

using regular pyridoxine hydrochloride alone
gave mixed to poor results.”

Dr. Tyler - “I have used galvanic iontophore-
sis of bromelain with some success. Dissolv
6 capsules of pure bromelain in 3 ounces g
warm water, and apply the solution to the posi-

tive pad and lace it over the area of the trans:

verse ligament, with the negative pad on thg
opposite side of the wrist. Apply only mild
galvanic current for a period of 5 minutes,
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being careful to watch the skin for irritation.
While some patients’skin is more sensitive than
others, it is typical to have some amount (1
redness following this treatment. After the
treatment, apply a soothing lotion to the skin
This modality is normally used once or twice
a week.

Like Dr. Cox, | also prescribe high
potency bromelain and pyridoxal 5' phosphate
orally, or use a B-Complex vitamin which
contains high levels of pyridoxal 5' phosphate,
Bromelain helps significantly in reducing the
inflammation of tendinitis, which usually
accompanies CTS, and of course, may also be
used in the treatment of tendinitis which occurs
elsewhere in the body

Dr. Martinez - “Internally, one of the most
effective things is to change them to a veqg
etarian diet, or a “natural hygiene” diet, simi-
lar to the Fit For Life approach. | use pyri-
doxal 5' phosphate (50 mg 2-3 times a day)
and calcium-magnesium citrate.

| have also found about a 50% re-
sponse to a 5-day therapeutic trial of unde-
cylenic acid (10-undecenoic acid) as an anti-
fungal agent, 200 mg three times a day, esp¢
cially if their fingers are a little bit stiff in the
morning, and their rings fit tightly. In the pa-
tients that respond, | suspect that there is a
concurrent intestinal or systemic yeast infecr:
tion present. Usually, these patients need to
be treated for a period of 6-12 weeks to tor
tally eliminate this Candida infection. | also
may add digestive enzymes and an intestinal
bulking agent. | also consider food allergies
to be a strong component of CTS. Nutrition-
ally, I usually find that there is the yeast syn-
drome, food sensitivities or a torpid liver.

If they respond partially to the unde-
cylenic acid, but not totally, then | start think-
ing that hepatic-centered auto-toxicity may be
present, in which case | use a silymarin (milk
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thistle seed) extract to help clear out the liver,
along with an herbal intestinal bulking for-
mula, with psyllium and bentonite. If the pa-
tient presents with constipation or liver symp-
toms, then | am more likely to take this ap-:
proach from the outset.”

David Cox, DC,a 1982 graduate of
Los Angeles Chiropractic College, has
practiced for fourteen years in both
California and Idaho.

Robert M. Martinez, DC, ND,

FACO graduated from Western States
Chiropractic College in 1981 and John
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State.

Allen N. Tyler, MD, DC, ND,
obtained his medical degree from La
Universidad LibreMexicano, his chiropractic
degree from Canadian Memorial
Chiropractic College and his naturopathic
degree from Philadelphia College of
Naturopathy. After years in private practice,
he returned to academia in 1971, completing
a three-year residency in Rehabilitation
Medicine at the University of Washington
Medical School. From 1974 through 1976,
he served as Medical Director for the State
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Program, before returning to clinical
practice in British Columbia, where he
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