The Relationship Between Sustained
Gripping and the Development of
Carpal Tunnel Syndrome

Mark A. Ferrante, MD

An examination of clinical and electrodiagnostic assessments and fully characterized
individual hand usage patterns finds a relationship between sustained gripping and
the development of carpal tunnel syndrome in the nondominant hand.

he dominant limb is the

limb preferred for perform-

ing an activity that requires

one hand or for performing
the more demanding part of an ac-
tivity that requires both hands. For
example, most playing card dealers
use their dominant limb to distribute
cards (the more demanding part of
the activity) and their nondominant
limb to hold the rest of the pack (the
less demanding activity). Although a
relationship between nocturnal hand
paresthesias and daily hand activi-
ties has been known for more than
a century, it was not until more re-
cently that it was recognized that
unilateral carpal tunnel syndrome
(CTS) more commonly involves the
dominant limb.!?

Among people with CTS, the
dominant limb tends to be affected
earlier and, in the setting of bilateral
involvement, more severely.>* This
relationship, however, is not abso-
lute. In 1983, Falck and Aarnio re-
ported that CTS could be more
pronounced on the nondominant
side whenever upper extremity usage
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requirements, especially occupational
requirements, stressed that limb to a
greater extent than they stressed the
dominant limb.”

Regarding occupation, particu-
lar CTS risk factors and associa-
tions have been reported. One study
found that the most common work-
related risk factor was repetitive
bending and twisting of the hands
and wrists.® In another study, the in-
cidence of CTS was almost 10-fold
higher among workers performing
high force, high repetition jobs than
among those performing low force,
low repetition jobs.”!® A meta-
analysis identified a strong causal
relationship between forceful, re-
petitive work and development of
CTS."" A more recent and contro-
versial study found no association
between heavy use of computers
and CTS."? In 1911, Hart reported
an association between repetitive
gripping and thenar atrophy.”> Al-
though he misattributed the asso-
ciation to trauma of the recurrent
thenar motor branch, 2 of the 3 de-
scribed patients reported a period of
episodic hand paresthesias preced-
ing the development of thenar emi-
nence atrophy and thus more likely
had typical CTS.

BACKGROUND

The present study was prompted
by the clinical and electrodiagnos-
tic (EDX) features of a 27-year-old
right-hand-dominant man who pre-
sented to the EDX laboratory for
assessment of bilateral hand pares-
thesias. The patient reported epi-
sodic bilateral hand tingling that
was much more pronounced on the
left (nondominant) side. Consistent
with his report, EDX assessment re-
vealed bilateral CTS that involved
the nondominant limb to a much
greater extent than that of the domi-
nant limb. As a blackjack dealer,
the patient was using his nondomi-
nant hand to “tightly grip 2 decks of
cards” and the dominant hand to dis-
tribute those cards.

Similar history and EDX patterns
(bilateral CTS more pronounced
on nondominant side) were subse-
quently noted in 2 other patients,
both of whom were using their non-
dominant limb to perform an activ-
ity that required sustained gripping.
One of these patients was a minnow
counter. He was using his nondomi-
nant hand to firmly grip the top of
a bucket and the dominant hand to
“deal” the fish into separate tanks.
The other patient was a mason. He
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Table 1. Electrodiagnostic Results of 21 Patients With Backward Carpal Tunnel Syndrome

Median Palmar Median Index Finger | Median Thenar Eminence
Pt Age,y | Handedness | Sex | Distribution | L R A Normal L | R A | Normal | L R | A |Normal
1 59 R F L only 3.8 1.8 | 2.0 <22 4112912 | <36 | 50|32 18| <40
2 | s5 R M| L>R | NR | 31 | NA incgggh NR| 41| NA | <36 | 79|42 |37 <40
3 41 R F L>R 29 23 | 0.6 4213408 | <34 43|33 10| <39
4 61 R F L only 2.8 22 | 0.6 403307 | <38 40|36 04| <40
5 52 L F R only 24 1.7 0.7 36|26 10| <36 [35|31 04| <40
6 53 R F L>R 3.5 27 | 08 49|41 08 | <36 | 48|40 08| <40
7 33 R F L only 3.8 1.7 2.1 41126 | 15| <34 (43|27 |16| <39
8 53 R F L>R 4.1 32 | 09 54|47 )07 | <36 | 58|56 02| <40
9 37 R M L>R 4.0 23 | 1.7 4813315 | <34 42|31 11| <39
10 32 L F R>L 3.5 29 0.6 46|38 08 | <34 | 56|43 13| <39
11 51 R M L only 2.8 1.9 | 09 39|31 08| <36 [44|38 06| <4.0
12 34 R F L only 2.8 1.9 0.9 42 (30|12 | <34 (44|31 13| <39
13 37 R M L>R 3.4 25 | 09 46|38 08 | <34 | 51|39 12| <39
14 38 R F L>R NR 2.9 NA 5214210 | <34 | 45|40 05| <39
15 48 R M L>R 4.3 2.3 2.0 493712 | <34 | 55|37 18| <39
16 55 R F L>R NR 2.9 NA NR |41 | NA | <36 |48 | 43 | 05| <4.0
17 57 R F L>R NR 3.5 NA NR |48 | NA | <36 | 7.8 |55 |23| <4.0
18 72 R M L>R NR 2.9 NA NR |44 | NA | <38 | NR| 44 | NA| <40
19 79 R F L>R NR 2.3 NA 56|34 22| <38 | 71|33 38| <40
20 63 R F L>R NR 2.7 NA NR | 38| NA | <38 | 83|40 43| <4.0
21 56 R F L>R 3.6 23 | 1.3 50|35 15| <36 | 45|38 |07 <40

Abbreviations: F, female; L, left; M, male; NA, not applicable; NR, no response; PT, patient; R, right.

was using his nondominant hand to
firmly hold a brick or stone in place
and the dominant hand to apply ce-
ment. The clinical and EDX features
of these 3 patients suggested that sus-
tained gripping might be a significant
risk factor for development of CTS.
That all 3 of these patients were
using their dominant hand for a
repetitive activity (dealing) further
suggested that, compared with re-
petitive activity, sustained gripping

was more significant as a risk factor
for development of CTS.

As unilateral CTS typically oc-
curs on the dominant side, and
bilateral CTS typically is more pro-
nounced on the dominant side, the
term backward CTS is applied to
cases in which unilateral CTS oc-
curs on the nondominant side or
bilateral CTS involves the nondomi-
nant side to a greater extent than
the dominant side.

Although many investigators
have purported an association be-
tween CTS and a particular upper
extremity activity, their conclusions
are limited by use of poorly validated
symptom surveys, use of faulty epi-
demiologic methods, selection of a
specific basis for clinical diagnosis
(eg, isolated hand pain), or lack of
EDX confirmation. Associations be-
tween a particular activity and devel-
opment of CTS are best addressed by
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CARPAL TUNNEL SYNDROME

studies that include both clinical and
EDX assessments and that fully char-
acterize the individual hand usage
patterns.

METHODS

This study identified the upper ex-
tremity usage patterns associated
with development of CTS among
patients found in the EDX labora-
tory to have backward CTS (uni-
lateral CTS in nondominant limb
or bilateral CTS involving non-
dominant limb more than domi-
nant limb). Thus, whenever patients
who were referred to the EDX labo-
ratory for upper extremity studies
were noted to have backward CTS,
an extensive upper extremity usage
assessment was immediately per-
formed. Both the EDX studies and
the upper extremity usage assess-
ments were performed by the au-
thor during the same encounter.

All patients had initial screening
sensory and motor nerve conduction
studies performed: median sensory,
recording the second digit; ulnar sen-
sory, recording the fifth digit; super-
ficial radial, recording the dorsum of
hand; median motor, recording the
thenar eminence; and ulnar motor,
recording the hypothenar eminence.
As CTS was suspected in all cases,
median and ulnar palmar nerve
conduction studies were performed
as well. All these studies were per-
formed using previously reported
techniques, and all collected values
were compared with EMG labora-
tory control values.'*" In all patients,
the median nerve conduction studies
were performed bilaterally. Approval
from an ethics board or an institu-
tional review board was not needed
because this study did not involve
personal information or identifiable
images.

To avoid identifying small,
chance asymmetries related to hy-

pothyroidism and other conditions
that produce bilateral CTS, the au-
thor predefined the degree of asym-
metry required for study inclusion
to identify only large asymmetries.
Because the EDX manifestations of
CTS typically reflect features of de-
myelination before those of axon
loss, the required asymmetries were
predefined using peak sensory and
distal motor latency values. For
study inclusion, the median nerve
latency value recorded from the
nondominant limb needed to ex-
ceed the value recorded from the
dominant limb by 0.6 msec for the
median palmar responses, 1.0 msec
for the median digital sensory re-
sponses, or 1.0 msec for the median
mMotor responses.

Excluded from the study were
patients who reported being ambi-
dextrous, those who had changed
hand dominance at any age and for
any reason, those with a history of
upper extremity trauma or surgery,
and those with EDX findings indi-
cating a concomitant neuromuscular
disorder. In addition, patients with
diabetes mellitus or any other con-
dition associated with bilateral CTS
were excluded.

RESULTS

From the approximately 2,000 upper
extremity EDX studies performed
over a 30-month period, the author
identified 21 patients who met the
inclusion criteria (Table 1). Of these
21 patients, 15 (71%) had bilateral
CTS and 6 (29%) had unilateral CTS.
Sixteen of the 21 patients used their
nondominant hand, through a sig-
nificant portion of the day, to perform
an activity that required sustained
gripping (Table 2).

Of these 16 patients, 14 reported
that the sustained gripping activity
was related to their occupation: pipe
fitter (4 patients), card dealer (4),

professional driver (2), grocery store
clerk (1), wire stripper (1), bakery
worker (1), and motel room cleaner
(1). In their jobs, the pipe fitters
were continually cutting pipe during
their entire 8-hour shift—using the
nondominant hand to tightly grip
a pipe while using the dominant
hand to direct an electrically pow-
ered blade through it. Of the card
dealers, 1 was a professional playing
card dealer (not the dealer whose
case prompted this study), 1 distrib-
uted store coupons into containers,
and 2 distributed pieces of mail into
bins (referred to as casing the mail).
All the card dealers used their non-
dominant hand to tightly grip items
that the dominant limb distributed.
The professional drivers used their
nondominant hand to grip the steer-
ing wheel. The grocery store clerk
used her nondominant hand to grip
shopping items while moving them
across a barcode detector. The wire
stripper used her nondominant
hand to tightly grip bundles of wire
while holding a tool in the domi-
nant hand to snip or strip them. The
bakery worker continually used her
nondominant hand to squeeze off
pieces of dough from a mound. And
the motel room cleaner used her
nondominant hand to grip the side
of a bathtub while scrubbing the
tub with her dominant hand (she
estimated she cleaned bathtubs for
about 25% of her 8-hour shift).

Of the 2 patients who reported
sustained gripping unrelated to occu-
pation, 1 was baby-sitting her grand-
son 5 days per week. She carried
him, grasping his buttock with her
nondominant hand, while perform-
ing her daily activities. She estimated
she carried the child a minimum of
2 hours a day. After several weeks,
she noted episodic tingling in the
nondominant hand, yet she con-
tinued carrying him for another
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CARPAL TUNNEL SYNDROME

Table 2. Activities Responsible for Backward Carpal Tunnel Syndrome in 21 Patients

Patient Occupation/Activity

Activity description

Reported sustained gripping related to occupation

2,11,13,15 | Pipe fitter Squeezing/holding pipe with nondominant hand while cutting with dominant hand

3 Card dealer—coupons Holding coupons in nondominant hand while dealing with dominant hand

8 Card dealer—mail Holding stack of mail with nondominant hand while “casing” with dominant hand

18 Card dealer—mail Holding stack of mail with nondominant hand while “casing” with dominant hand 8 hours per day
for 4.5 years

21 Card dealer—playing cards | Gripping deck(s) of cards with nondominant hand while dealing with dominant hand

7 Professional driver Gripping cell phone with nondominant hand 3 to 5 hours per day

9 Professional driver Driving with nondominant hand

6 Grocery store clerk Moving items through barcode scanner with nondominant hand while operating register
with dominant hand

20 Wire stripper Holding wire with nondominant hand while cutting or stripping with tool held in dominant hand

16 Bakery worker Pinching off dough with nondominant hand 2.5 hours per day 5 days per week for 8.5 years

14 Motel room cleaner Holding side of bathtub with nondominant hand while scrubbing tub with dominant hand; driving

with nondominant hand

Reported sustained gripping unrelated to occupation

4 Grandmother

Holding grandson with nondominant hand by grasping his buttock

1 Stress relief class student

Opening and closing nondominant hand for 10 minutes multiple times per day

Denied activity that required sustained gripping

5 Data entry worker Entering data with nondominant hand 3 to 4 hours per day for 10 years

12 Data entry worker Entering data with nondominant hand while using mouse with dominant hand

19 Piano teacher Sitting to right of student while using nondominant hand to strike keys

10 Typist Sleeping with nondominant hand flexed at face

17 Office worker Denied sustained gripping or other activity involving nondominant limb; predominant duty is typing

7 months, at which point she sought
medical care. The other patient, a
student in a stress relief class, was
instructed to repetitively open and
tightly close her nondominant hand
for 10 minutes 4 or more times per
day. After several weeks, she noted

episodic tingling in the exercised,
nondominant hand.

Of the 5 patients who denied
performing an activity that required
sustained gripping, 2 used their non-
dominant limb to enter data into a
computer while turning pages with

the dominant limb. A piano teacher,
used her nondominant limb to strike
piano keys while sitting to the right
of her pupils; and a typist, consis-
tently slept with the dorsal aspect of
the nondominant hand pressed into
her cheek, resulting in sustained
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CARPAL TUNNEL SYNDROME

wrist flexion throughout the night.
One patient could not identify an
activity performed with her non-
dominant limb both frequently and
for prolonged periods.

DISCUSSION

As with other syndromic disorders,
CTS is associated with several clini-
cal features, the presence of which
correlates with the severity of me-
dian nerve involvement. During the
earliest stage of CTS, episodic hand
tingling (a positive symptom) is com-
monly reported. This tingling typi-
cally is more pronounced at night
and during relaxation. In addition,
many patients come to recognize that
their hand tingling is precipitated
by activities that involve sustained
upper extremity elevation (eg, driv-
ing with a limb resting on upper por-
tion of steering wheel; reading with
upper extremities maintained in
forward abduction) and that lower-
ing a symptomatic limb relieves its
tingling.

With progression, negative symp-
toms appear (eg, numbness and
then weakness and wasting). Unfor-
tunately, as the negative symptoms
replace the positive ones, affected
individuals may become less symp-
tomatic and mistakenly believe their
condition is improving. Features of
autonomic fiber involvement may
also be present but are less reliably
elicited. Isolated hand pain is an un-
common manifestation of CTS be-
cause pain more commonly occurs
later in the course and for this reason
tends to be accompanied by other
features of CTS.

The clinical features of CTS cor-
relate with its underlying pathology.
As demyelination precedes axon dis-
ruption pathologically, the clinical
features of demyelination (episodic
paresthesias) precede those of axon
loss (numbness, weakness, wasting).

However, clinical features may go
unrecognized or be dismissed by the
patient. Moreover, there is substantial
variation in type, intensity, and fre-
quency of symptoms. !5

The EDX features of CTS correlate
with its underlying pathology and
pathophysiology. As demyelination
(loss of insulation) increases the ca-
pacitance of the membrane and in-
creases internodal current leakage,
conduction velocity is reduced.
As severity worsens and pathology
changes from predominantly demy-
elination to predominantly axon
loss, the individual nerve fiber ac-
tion potentials, which make up the
compound responses being recorded,
are lost. As a result the amplitude and
negative area under the curve values
decrease. Thus, the EDX features of
demyelination (eg, prolonged laten-
cies) precede those of axon loss (eg,
amplitude, negative area under the
curve reduction).

As with other focal mononeu-
ropathies, the sensory responses
tend to be affected earlier and to a
greater degree than do the motor
responses. Consequently, the EDX
features of CTS typically follow a
standard progression. The median
palmar responses are involved
sooner and to a greater degree than
the median sensory responses re-
corded from the digits, which in
turn tend to be involved earlier and
to a greater degree than are the me-
dian motor responses.

Awareness of this relationship
dictates the severity of the lesion
and helps in the recognition of a
cool limb and in the avoidance of a
false-positive study interpretation.
In a cool limb, the fingers are cooler
than the wrists. Thus, the peak la-
tency of the median digital sensory
response is delayed to a greater extent
than the ipsilateral median palmar
response (the opposite of the CTS

pattern). Accordingly, whenever this
pattern is identified, the hand must
be warmed or rewarmed and the
studies repeated. The hand is also
warmed or rewarmed whenever the
median motor response is delayed
out of proportion to that of the me-
dian palmar response.

CONCLUSION

Cases of CTS mainly in the nondomi-
nant limb provide an opportunity to
identify particular limb usage pat-
terns that might be associated with
CTS. Of the present study’s 21 af-
fected patients, 16 were using their
nondominant limb to perform ac-
tivities that required sustained grip-
ping. Fourteen of the 16 activities
were related to occupation. These
findings strongly suggest an associa-
tion between activities that require
sustained gripping and development
of CTS.

That the card dealers simultane-
ously used their nondominant hand
for sustained gripping and the domi-
nant hand for the repetitive activity of
dealing suggests that sustained grip-
ping is a stronger risk factor than re-
petitive activity for the development
of CTS—an unanticipated finding.
Interestingly, in a 2001 study that
suggested repetitive activity might
not be a CTS risk factor, there was
a higher incidence of CTS among
computer users working with a
mouse—an activity that requires
sustained gripping.'?

Episodic hand tingling during
mouse use likely reflects impaired
blood flow to the median nerve,
which occurs when carpal tunnel
pressure approaches or exceeds 20 to
30 mm Hg.'® Placement of a hand on
a mouse increases intracarpal pressure
from 3 to 5 mm Hg (wrist in neutral
position) to 16 to 21 mm Hg, whereas
mouse use increases intracarpal pres-
sure to 28 to 33 mm Hg.'** @
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