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Abstract— Glycine is a non-essential amino acid
and an anti-inflammatory agent that protects against
pathological states in animal models. Pain in carpal
tunnel syndrome is secondary to ischemia rather than
direct physical damage of the nerve. A patient has a
nerve compression that begins with symptoms such as
pain, dysesthesia and paresthesia. Plausibly, acute
compression causes inflammatory changes and
development of neural irritation. Nerve injury due to
acute compression increases intra-carpal canal
pressure and causes changes in the microcirculation
that leads to total ischemia. In the present study, we
tested in patients with bilateral carpal tunnel syndrome,
whether glycine administration could ameliorate the
pain intensity, carrying nerve conduction velocity at
normal levels. Nineteen patients were administered
glycine (1 g) daily for two months. Glycine significantly
diminished pain in patients with carpal tunnel
syndrome, and it had no significant effects on nerve
conduction velocity but normalized values of this. This
study provides further insight into glycine;
administered orally could be a potential therapeutic in
carpal tunnel syndrome.
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[.-INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common
entrapment neuropathy [1] and is caused by
compression of the median nerve as it passes through
the carpal tunnel [2,3]. It is more common in women,
with rates of 57% to 80% and a 7:1 ratio in relation to
men. CTS occur mainly between the fifth and sixth
decades of life [4,5]. Pain is determined by nociception
and iliness progression [6]. The Tinel’s sign is positive
in 63% of patients and Phalen at 66%,
electromyography is positive in 100% of patients, but
the final surgical decision is made based on
symptomatology [7-9]. Nerve injury due to acute
compression increases intra-carpal canal pressure and
causes changes in the microcirculation up to complete
ischemia. Thus, pain may occur by mechanical
irritation of the nerve [10].
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Glycine is a non-essential amino acid; it has the
simplest molecular structure of all. Is calculated that
human synthetize daily approximately 45 g of
endogenous glycine, and 3 — 5 g of glycine is taken up
from the diet. Endogenously synthesized glycine
functions as an inhibitory neurotransmitter in the
central nervous system via the glycine receptors
(GlyRs). In contrast, glycine also acts as a co-agonist
for the channel opening of the N-methyl-D-aspartate
subtype of ionotropic glutamate receptors (NMDARS)
[11].

Il.- MATERIAL AND METHODS

This research was approved by the Ethical
Committee of the National Institute of Rehabilitation
LGII. Mexico City. All the participants included in this
study provided their written informed consent after
receiving a clear explanation of the study procedure
and the potential risks of the study.

An analytical, longitudinal and self-controlled study
was carried out with nineteen patients diagnosed with
carpal tunnel syndrome, they were carefully selected
from the department of plastic and reconstructive
surgery of the General Hospital of Mexico (Mexico
City, Mexico) during the past two years; with age
ranging from 18 to 70 years; either gender, with both
hands affected, symptoms of classic CTS according to
the diagnostic criteria in the Katz hand diagram [12],
symptom duration of at least two months, nerve
conduction tests showing median neuropathy at the
wrist and no other abnormalities or, in the presence of
normal nerve conduction test results, they were also
diagnosed clinically and had desk studies as patients
with bilateral carpal tunnel syndrome caused by
occupational factors that lead to excessive use of their
hands, all of them candidates for surgical treatment.
We performed a detailed clinical history including age,
sex, dominant hand, and time evolution of the
symptoms (in months), predisposing factors
(occupational or pathological) and symptomatology. All
patients reported as initial symptoms numbness,
hyperesthesia and/or hypoesthesia, paresthesia, pain
(type, location and path), relief or not, with movement.
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Likewise, the reported delayed symptoms were
weakness (abduction, flexion and opposition the
thumb) and atrophy (thenar eminence).

The neurological examination of both hands
consisted of inspection and palpation of muscle mass,
areas of strength, myotatic reflexes, sensitivity and
clinical signs of Tinnel [13] and Phalen [14].

All patients were administered glycine (Sigma)
orally 1 g/day during the two months of treatment. Prior
to the administration of glycine, patients were
assessed for motor conduction velocity of the median
nerve as well as during the first- and second-month
post treatment. The trial was a prospective randomized
with 1 gr glycine oral in the carpal tunnel in patients
with moderately severe idiopathic CTS not previously
treated with steroid injection. The exclusion criteria
were: previous steroid injection for CTS in the same
wrist, severe sensory loss (two-point discrimination
exceeding 8 mm), thenar atrophy, inflammatory joint
disease, diabetes mellitus, vibration-induced
neuropathy, polyneuropathy, pregnancy, trauma to the
affected hand in the previous year, previous surgery
for CTS in the affected hand, surgery for CTS in the
contralateral hand within the past 2 months, inability to
respond to questionnaires (e.g., because of language
difficulty or cognitive impairment), severe medical
illness, and known abuse of drugs or alcohol.

Neurophysiological evaluation.

The Cadwell 5200-A was used as a tool using
contact recording electrodes and bipolar skin
stimulators; for the neurophysiological assessment, the
skin temperature was 32°C. The study of nerve
conduction velocity (NCV) of median nerve was
performed, with the recording electrode at the midpoint
of abductor muscle pollicis brevis, and the reference
electrode placed on the insertion of the abductor
muscle pollicis brevis on the joint
metacarpophalangeal of the thumb. The ground
electrode was placed in the back of the hand. The first
stimulus was applied at 8 cm from the recording
electrode, and the second stimulus was applied at 13
cm from the recording electrode [15]. Nerve

conduction data was reviewed by a neurologist from
the National Institute of Rehabilitation to ascertain
which nerves had normal/abnormal response values.

Measurement on Pain Scale.

The pain level was assessed using the Whaley &
Wong scale [16] which goes from O to 10 where 0 is no
pain, 1 to 2 is mild pain, 3 to 4 uncomfortable pain, 5 to
6 moderate pain, 7 to 8 intense pain, and 9 to 10
intolerable pain. This assessment took place while
neuropsychological evaluations were being conducted
to observe if there was improvement in pain levels of
patients secondary to treatment with glycine.

Ethics.

This study was performed according to the ethical
principles stated in Helsinki Declaration of 1975

Statistical analysis.

SPSS ver. 19.0 was used for statistical analysis.
Means were reported with their associated standard
deviations (SDs). The data was analyzed with
repeated measures of ANOVA with adjustment for
multiple comparisons: Bonferroni. Pearson Correlation
was performed. Statistical significance was set at p <
0.05 with a 95% of confidence interval.

Ill.- RESULTS

38 hands of 19 patients diagnosed with carpal
tunnel syndrome were included in this study, 73.7%
subjects were women and 26.3% were men. The age
mean was 49.89 *+ 3.46 (mean = SD); the age range
for these patients was 25 — 75 years, there was no
difference in the mean age according to sex (F=5. 77,
p=0. 22).

The average onset of median nerve conduction
velocity (MNCV) was 48.32 + 19.92 for women and
42.34 + 30.77 for men, we found no differences among
them. There was a significant correlation between
basal median nerve conduction velocity and age (r= -
0.37, p= 0.02, Figure 1A) and basal median nerve
conduction velocity and pain perception (r=0.35, p=
0.03, Figure 1B), but they were not associated with
sex.
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Figure 1. A) Correlation between Basal MNCV and age and B) correlation between basal MNCV and basal pain
measurement, both in patients with carpal tunnel syndrome. MNCV = median nerve conduction velocity.

Basal mean MNCV (46.74 + 22.96) did not have
statistical difference with first (52.99 + 22.89) and
second (74 + 108.73) measures after treatment with
glycine (p= 0.22); despite this result, we could see that
MNCV increased after 2 months of treatment with
glycine (Figure 2A).

Related to basal pain perception, we did not find
statistical differences between women and men (5.04
+ 1.99, 450 = 2.17 respective averages). Regarding
age and pain perception we could see that patients

with >50 years had increased pain perception (5.27 £
1.5) than younger ones (4.38 % 2.5), but these
differences had not statistical  significance.
Interestingly, there was a statistical difference (p=
0.001, figure 2B) between pain perception before
treatment with glycine (4.72 + 2.02) and after treatment
with glycine in both measurements (First month = 3.53
+ 1.83, second month = 1.94 + 1.42). We also found
interesting results about pain perception related to sex
and age of patients studied in this research (Table 1A,
1B and figure 3).
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Figure 2. A) MNCV in basal measurement and 1 and 2 months after treatment with glycine. B) Pain perception in

basal measurement and 1 and 2 months after treatment with glycine.
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Table 1A. Mean of pain perception measurements related to age and sex.

IC+ 95%

Age Sex Pain Mean SE Lower Upper
measurement limit limit

<50 years Women Basal 3.50 0.72 2.01 4.98
1 month 3.00 0.72 1.50 4.49

2 months 1.25 0.50 0.21 2.28

Men Basal 5.00 1.42 2.03 7.96

1 month 3.00 1.45 0.01 5.98

2 months 2.00 1.01 -0.07 4.07

>50 years Women Basal 571 0.54 4.59 6.83
1 month 4.14 0.54 3.01 5.27

2 months 2.21 0.38 1.42 3.00

Men Basal 4.66 0.83 2.95 6.37

1 month 4.00 0.83 2.27 5.72

2 months 2.33 0.58 1.13 3.53

IC+: Confidence interval; SE: Standard Error

TablelB. Statistical analysis of pain perception measurements related to age and sex in patients with
carpal tunnel syndrome.

Differences
. Cl1 95% for
Sex Age Pain measurements between SE P value? .
differences®
means
<50 Basal 1 month 0.50 0.34 0.47 -0.38 1.38
years Basal 2 months 2.25% 0.55 0.001 0.82 3.67
Women
> 50 Basal 1 month 157 * 0.26 0.0001* | 0.90 2.23
years
Basal 2 months 3.50 * 0.42 0.0001* 242 4,57
<50 Basal 1 month 2.00 * 0.69 0.02 * 0.23 3.76
M years Basal 2 months 3.00 * 1.12 0.03* 0.15 5.84
en
> 50 Basal 1 month 0.66 0.39 0.31 -0.35 1.68
years Basal 2 months 2.33* 0.64 0.004 * 0.69 3.97

Based on estimated marginal means. # Adjustment for multiple comparisons: Bonferroni.*

The mean difference is significant at p < 0.05.
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Figure 3. A) Pain perception in patients under 50 years and B) older than 50 years segregated by sex in basal
measurement and 1 and 2 months after treatment with glycine

IV.- DISCUSSION

The present study provides evidence that oral
administration of glycine administered daily for two
months ameliorated pain in patients with carpal tunnel
syndrome. Glycine has been reported to exhibit many
biological and pharmacological activities (sometimes at
very low doses) including protection to the liver, small
intestine, lung, skeletal muscle and potentially the
heart against injury mediated by ischemia—reperfusion
in vivo and it also increases survival following
hemorrhagic shock and resuscitation. A wide variety of
cells involved in inflammation (Kupffer cells, alveolar
macrophages, and neutrophils) have also been shown
to contain glycine-sensitive chlorine channels. Glycine
causes less sensitivity to inflammatory stimuli such as
endotoxins and possibly a wide variety of growth
factors through hyperpolarization of the plasma
membrane of leukocytes [17,18]. At the central
nervous system level it has been reported that in
lamina | neurons of the spinal cord dorsal horn,
synaptic inhibition is almost exclusively mediated by
glycine [19, 20].

Petrat and coworkers were the first to suggest that
glycine protects from ischemia—reperfusion injury by
inhibiting the activation of macrophages and other cells
of the immune system and thus the inflammatory
response [21]. Glycine has anti-inflammatory effects
during ischemia, injury, and transplantation [22]. These
improvements in pain were observed in the two
consecutive months of treatment. Additionally, our
performance, which was evaluated by
electrophysiology vigilance test was also improved at
this period of time. Thus, glycine improved subjective
pain parameters.

Median nerve injuries that cause the CTS to occur
as a result of the anatomical conditions of the region,

the fibro-osseous tunnel, are susceptible to narrowing
by compression factors, affecting the structures inside.
Individuals, who by their occupation undergo more
compression and continue with the injury, reach
ischemia and epineural edema, blocking axonal
transport, leading to an injury that interferes with nerve
function by altering the ionic environment of axons and
decreased capillary flow. If these levels of
compression continue or increase, besides the pain,
eventually they could produce complete ischemia and,
finally, demyelization and axonal degeneration [23-
25]. These changes correlate with the clinical
symptoms in some patients with CTS; just as in our
study subjects, some patients show evidence of
paresthesia, attributed to excessive discharge of
neurons in the median nerve related, like pain, with the
ischemia [26]. Weakness or atrophy does not appear
until  later stages where there are greater
demyelization and axonal degeneration with damage
to several nerve fibers [27]. At this stage, sensitivity
loss is permanent. The neurophysiologic diagnosis of
CTS is made by demonstrating, through the area of
entrapment, the decrease in conduction velocity due to
the process of demyelization / remyelination, which is
the primary fact, in the CTS, being the NCS a more
sensitive parameter then the motor [28]. Moreover,
conduction study values are more preserved in the
early stage when compression or ischemia occurs in
the carpal tunnel [29].

We took into consideration the standardized normal
values for the median nerve, ranging from 50 to 67 m/s
as established by Kimura, as normal nerve conduction
velocity in utilizing the Cadwell equipment. It is
noteworthy that sensory abnormalities usually occur
before the motor. In other words, sensory latencies are
slowed down before the motor. This fact is not
surprising since 94% of the axons of the median nerve
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at the wrist are sensory. Sensory axons are more
susceptible to compression than motor [29], making it
the reason we decided to assess the effect of glycine
on motor fibers, to find the true effect of glycine at this
level and correlate it with a degree of pain.

The results obtained in this study demonstrate the
effects of glycine in the electrophysiological responses,
thus measurements at the second month shows how
the records of the patients in the study tend to
normally. The absence of side effects and the fact that
glycine is a natural component of the human diet
becomes an attractive therapeutic agent, reducing
inflammation, pain and therefore damage to the
median nerve in CTS cases. Furthermore, the effect of
glycine seems to be acceptable during the first two
months of treatment.

V.- CONCLUSION

These results suggest that in patients diagnosed
with carpal tunnel syndrome treated with glycine, had
a significant reduction in pain after two months of oral
administration although normal electrophysiological
recording in the median nerve. This could allow us to
propose Glycine as a co-adjuvant in pain treatment in
this
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