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ABSTRACT

Carpal tunnel syndrome leads to more average time away from work per case
than any other work related injury, including amputations and fractures. This
condition is caused by increased pressure in the carpal tunnel and may be
aggravated by exposure to ergonomic risk factors. It is therefore desirable to
understand the effect of various ergonomic risk factors on the function of the
median nerve. This effect may be measured, in part, by a temporary shift in
vibrotactile perception threshold. Threshold shifts due to wrist flexion and the
combination of flexion with direct pressure, with tendon loading, and with
venous occlusion were compared. Test participants included subjects with
normal median nerve function, subjects with symptoms of carpal tunnel
syndrome, and subjects with diabetic neuropathy. Each group experienced a
significant threshold shift associated with each of these provocations. There
was, however, little demonstration of significant difference between
provocations and groups.

INTRODUCTION

According to the U.S. Department of Labor Bureau of Labor Statistics webpage, carpal tunnel
syndrome (CTS) leads to more average time away from work per case than any other work
related injury, including amputations and fractures (accessed November, 2003). Symptoms of
CTS, caused by entrapment of the median nerve within the carpal tunnel, include numbness in
the first three and a half digits of the hand, tingling, weakened grip, and atrophy of the muscles
innervated by the median nerve. If not treated, CTS can lead to permanent nerve damage
(Pecina, 2001).

Whether industrial exposure to ergonomic risk factors causes CTS or merely aggravates
symptoms is debatable. In either case, it isimportant to minimize risk. Risk factors associated
with CTS include non-neutral postures (Marin, 1983; DeKrom, 1990; Werner, 1997), pressure
(as from tools or work surfaces) on the palm or wrist (Cobb, 1995; Durkan, 1991; Lundborg,
1982), pinching or gripping (Keir, 1997; Silverstein, 1987), and repetitive or strenuous finger
and hand motion (Phalen, 1966; Silverstein, 1987).
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Wrist angles, grip forces, and hand activity may be measured to an extent. These may be
correlated with symptoms of cumulative trauma disorders to come up with estimated risk levels.
However, such correlations do not assess the effect of exposure to risk. Individuals exposed to
the same level of risk may experience widely different effects.

Compression of the median nerve often compromises the mechanical sensitivity of the fingertips.
Vibrometry provides a means of measuring tactile sensitivity. It is non-invasive and, for most
people, more comfortable and less formidable than electrodiagnostic studies. A vibrating probe
provides a stimulus and subjects respond by pressing a button if they feel the stimulus. A
vibrotactile perception threshold (VPT) is the smallest amplitude of vibration sensed.

When exposed to ergonomic risk factors people may experience a temporary shift in VPT. In
this study, threshold shifts were used to quantify the response of subjects to four provocations.
These provocations include wrist flexion, wrist flexion combined with direct pressure on the
carpal tunnel, wrist flexion combined with loading of the tendons in the wrist, and wrist flexion
combined with venous occlusion.

METHODS

Approval for the use of human subjects was obtained from the University of Utah Institutional
Review Board. Subjects were recruited by flyers, newspaper ads, and word of mouth. Forty-
three subjects participated in this study. Volunteers included 10 normal subjects with no
symptoms of CTS or other neuropathies or nerve damage, 25 subjects diagnosed with CTS or
possessing symptoms consistent with CTS (one subject had bilateral CTS and both hands were
tested), and 8 subjects with diabetic neuropathy without CTS or other forms of nerve damage.
Subjects were compensated for their participation.

During theinitial visit, subjects completed a consent form. Sensory nerve conduction was tested
antidromically using surface electrodes on the middle finger. Subjects also completed a
guestionnaire relating to hand and wrist condition and other potential CTS risk factors.
Following atraining run on the vibrotactile tester, atest routine with one of the four provocations
was presented. The other three provocations were presented during different visits, with no more
than one provocation presented per day. The order in which the provocations were presented
was randomized.

The vibrotactile tester was computer controlled. A 1.0mm diameter probe with 0.64mm gap
between the probe and the firm surround had a static skin indentation of 0.3mm. The VPT was
an average of 2 complete cycles (2 peaks, 2 “troughs’) and was reported in microns (um). The
test sequence averaged 90 seconds in duration.

The test routine began by measuring fingertip, palm, and wrist temperatures. The subjects
placed foam earplugs in their ears. A baseline VPT of the middle finger was measured with the
wrist in neutral posture. The subjects were then exposed to the provocation and seven
measurements were taken at 2.5 minute intervals. Following the last measurement during
provocation (beginning 15 minutes after the start of provocation), the subjects had one minute to
shake, rub, massage, or otherwise relax their hands. Three or Six recovery measurements were
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then taken at 2.5 minute intervals (three more measurements were added after several subjects
had already been tested).

Provocation A was performed by elevating the vibrotactile tester until the subject was in near
maximum unforced flexion (with elbow resting on afoam pad) (see Figure 1).

Figure 1. Provocation A: Flexion

Provocation B was performed by tilting the back of the tester upward, placing the subject in
maximum unforced flexion, and resting the fingertips on the tester. A Durkan Gauge (Gorge
Medical Products, Hood River, OR) was used to put pressure directly on the carpa tunnel. The
force applied to the hand was adjusted to approximately 16.7 N using a scissor stand. A strap
placed around the top of the hand helped stabilize the hand (see Figures 2 and 3).

Figure 2. Provocation B: Flexion
and Direct Pressure

Figure 3. Durkan Gauge in Fixture
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Provocations C and D were identical to Provocation A except tendon loading was added during
Provocation C and venous occlusion during Provocation D. Tendon loading was accomplished
by placing loops around the middle segment of the index and ring fingers. The loops were
attached to strings with weights on one end and routed over pulleys (see Figure 4). The index
finger load was 103.17 g and the ring finger load was 128.22 g. The height of the pulley fixture
was adjusted so that the strings would pull approximately orthogonally to the second segment of
the fingers. Subjects were instructed to keep the pads of the index and ring fingers against the
dome so that the string tension would load the flexor tendons, not just the skeleton.

A pressure cuff was placed around the forearm near the elbow crease during Provocation D
(Figure 5). The cuff was pressurized to 15 mmHg to slightly occlude the veins.

Figure 4. Provocation C: Flexion and Figure 5. Provocation D: Flexion and
Tendon Loading Direct Pressure

Three groups of comparisons were made: between the VPT at each time and the baseline VPT
for each provocation for each group, between provocations within each group, and between
groups for each provocation.

If the data were assumed normal (Kolmogorov-Smirnov test, P-value greater than 0.5), they were
compared using t-tests. Non-normal data were compared with nonparametric tests. Natural
pairing existed for comparisons within groups, so two-tailed paired t-tests and two-tailed
Wilcoxon matched-pairs signed-ranks tests were used. For comparisons between groups, t-tests
with Welch correction (allowing for unequal variances) and two-tailed Mann-Whitney tests were
used as natural pairing did not exist.

RESULTS

The average age of the normal group was 29 years (21 to 60 yrs.). The diabetic group ranged
from 21 to 70 years of age with an average age of 52. The CTS group averaged 44 years old
with a range of 19 to 63 years. An unpaired t-test with Welch’s correction showed significant
age difference between the normal and CTS groups (difference=15.4 yrs, P=0.0032) and between
the normal and diabetic groups (difference = 22.8, P = 0.0056). The diabetic and CTS groups
did not vary significantly in age (difference = 7.4, P = 0.2765).
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The CTS group was subdivided by sSNCV values using a criterion level of 41.26 m/s for normal
nerve conduction. The sSNCV+ group (slowed nerve conduction) consisted of 17 hands, and the
SNCV- group (normal nerve conduction) consisted of 9 hands. The sNCV+ groups was
significantly older than the SNCV- group (difference = 18.2, P = 0.0063).

Age predicted VPTs were subtracted from actual VPTs for each subject to correct for age. The
age predicted VPTs were given by VPT,eiced = 0.085 * age + 3.2, where age was in years and
VPTpredicted IN mMicrons (Sesek, 2003). The shift at each time was then found by subtracting the
baseline measurement from the VPT at that time.

Comparison to Baseline

The VPTs at each time were compared to the baseline VPTs. Tables 1-4 show that there was a
trend of decreasing tactile sensitivity throughout the duration of the provocations. For the
diabetic group, however, the difference was not shown to be statistically significant at most times
during the four provocations.

Comparisons Between Groups

Tables 5-8 show the mean differences between the VPTs of the different groups for each
provocation. The sNCV+ group experienced the greatest average shift over the 15 minutes of
provocation for each provocation, with the largest shift occurring during flexion aone
(Provocation A). The sSNCV+ group had significantly higher VPTs than the normal group for
each provocation at the 15-minute measurement. The SNCV+ group also had significantly
higher VPTs than the SNCV - group at the 15-minute measurement for each provocation except C
(flexion and tendon |oading).

The reaction of the SNCV- portion of the CTS group to the provocations was similar to the
reaction of the normal group except during Provocation C. No significant difference in mean
VPTs was demonstrated between these groups.

No significant difference was demonstrated between the diabetic group and the other groups.

Comparisons Between Provocations

The comparisons between groups, summarized in Tables 9-13, show little significant difference
between provocations. Normal and diabetic groups did not experience significantly different
shifts in VPT between any of the provocations. Fifteen minutes of flexion alone caused a
significantly greater shift than flexion combined with venous occlusion in CTS subjects with
slowed nerve conduction.

Venous occlusion combined with flexion caused a greater shift than direct pressure combined
with flexion at the 2.5 and 5 minute measurements of the SNCV- group. While the shift after 15
minutes of flexion combined with tendon loading (Provocation C) was greater than for the other
provocations, this was not shown to be statistically significant.
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Table 9. Comparison BETWEEN PROVOCATIONS, Normal
Time A minus B A minus C A minus D B minus C B minus D C minus D
(min) | Difference + _value Difference value Difference + value Difference * _value Difference + _value Difference * _value
SEM @m) | P SEM @um) | P SEM (um) | P SEM um) | P SEM (um) | P SEM (um) | P
0 25+13 ]10.0842) 04+16 |0.8038] 02+1.0 ]0.8392] -20+1.3 | 0.1413] -2.3+1.0 [ 0.0555] -0.2+1.1 | 0.8448
2.5 29+15 ]10.0856) 18+13 ]0.1969] 09+09 ]0.3342] -1.1+1.6 | 0.5171] -20+1.6 | 0.2449] -09+1.7 | 0.6217
5 26+14 ]0.0971)] 16+1.0 |0.1530] 0.7+1.0 ] 0.4950] -1.0+1.1 | 0.3762] -1.9+1.3 [ 0.1844] -09+1.2 | 0.4781
7.5 22+16 01987 -1.7+1.9 | 0.3727] 13+1.2 ]0.3080] -39+1.8 | 0.0644] -08+1.9 [0.6687] 3.1+2.1 | 0.1742
10 05+22 |08145] -1.6+1.9 | 04327] 07+15 ]0.6233] -2.1+3.1 | 05116] 0.2+2.1 | 0.9224] 2.3+2.6 | 0.4068
125] 23+22 |03140) 16+1.7 |0.3794] -05+2.6 | 0.8636] -0.7+1.9 | 0.7102] -2.8+3.0 | 0.3814] -2.0+2.4 | 0.4195
15 1.1+3.0 [0.7308] 0.6+2.0 [0.7903| 1.3+29 |0.6710] -05+4.2 | 0.9088] 0.2+3.6 | 0.9569] 0.7+2.7 | 0.7987
Table 10. Comparison BETWEEN PROVOCATIONS, Diabetic
Time A minus B A minus C A minus D B minus C B minus D C minus D
(min) | Difference + [ alue Difference & [ alue Difference | alue Difference + | alue Difference x| alue Difference | alue
seM @m) | PVAYe] semm) | PYAYC] sem@m) [PVUC] sem@m) | PVAYe] sem @m) | PYRYC] sEm m) | PVEY
0 -3.7+4.6 [ 04479 52+56 |0.3832] -5.7+7.2 | 04540] 89+6.5 | 0.2162] -2.1+9.6 | 0.8376 }-10.9 + 12.1| 0.3977
25 ] -39+4.0 | 03587] 7.1+85 | 0.4333] -3.9+55 | 0.5015] 11.0+9.3 | 0.2762] 0.0+8.0 | 0.9964 |-10.9 + 13.1| 0.4322
5 -6.7+49 [0.2171] 3.0+4.8 | 0.5572] -2.1+6.4 | 0.7568] 9.6+8.3 | 0.2820] 4.6+5.9 | 0.4615] -5.0+9.6 [ 0.6151
7.5 |-12.6+13.4/ 0.3763] 0.6+7.4 | 09376] -48+12.2 | 0.7043| 13.2+85 | 0.1631] 7.8+5.8 | 0.2218] -54+7.0 | 0.4612
10 -0.8+9.6 [ 0.9368 | -0.4+10.2 | 0.9726]-10.4+24.7] 0.6864] 0.4+4.8 | 0.9318]-9.6+18.0] 0.6111}-10.0+17.1f 0.5751
12.51-20.9+17.0] 0.2583 ] -0.3+3.4 ] 0.9294] 6.3+11.8 | 0.6120] 20.6 +18.2] 0.2934 | 27.2+27.1] 0.3490] 6.6 + 12.6 | 0.6173
15 |-14.1+18.3| 0.4674 ] 17.4+13.6 | 0.2409 | 17.7+32.1] 0.5980 | 31.4 + 28.0 | 0.2989 | 31.8 + 49.8| 0.5442 ] 0.3 +30.8 | 0.9919
Table 11. Comparison BETWEEN PROVOCATIONS, CTS
Time A minus B A minus C A minus D B minus C B minus D C minus D
(min) | Difference + _value Difference + value Difference + value Difference * _value Difference + value Difference * _value
SEM (um) | P SEM (um) | P SEM (um) | P SEM um) | P SEM (um) | P SEM @um) | P
0 -7.4+6.1 [0.6338*] 2.7+1.7 |0.1412] -2.0+2.2 | 0.3819] 10.1+7.2 |0.2635*] 55+6.9 |0.5249*] -4.6 +2.1 [ 0.0359
25 | -26+3.2 [0.4908*] 3.0+3.6 | 0.4148] -3.4+26 | 0.2009| 5.6+6.2 |0.7915*] -1.0+ 4.0 | 0.0342*] -6.6 +4.2 | 0.2411*
5 04+25 |10.8634] 00+84 ]0.9957] 12+6.2 ]0.1358*] -0.5+6.8 | 0.9439] 0.8+5.5 [0.2752*] 1.3+5.,5 | 0.8151
7.5 | -0.2+18.9 [0.9158*] -1.4+16.0 | 0.9304 ] 12.2 + 10.7 | 0.5995*| -1.2+17.8 | 0.9789*] 12.9 + 17.1| 0.8740*] 14.1 + 8.7 | 0.3525*
10 |-27.4+27.1{0.5782*] 55+ 18.6 | 0.7693 | 10.4 + 13.6 ] 0.4227*| 32.9 + 27.4 | 0.5782*] 38.0 + 27.7| 0.5249*] 5.1 + 18.9 | 0.7112*
12.5] 0.0+ 25.0 |0.9789*] 30.9 + 25.0 | 0.2276 ] 33.9 + 25.1 | 0.4082*] 30.9 + 27.4 1 0.1817*]34.9 + 22.0/ 0.1817*] 3.9 + 12.9 | 0.5424*
15 | 15.3+27.8|0.2635*] 27.6 + 30.9 | 0.3810 | 51.5 + 23.3 ] 0.3533*| 12.2 + 31.4 | 0.7003 | 38.2 + 22.9| 0.3029*] 26.0 + 17.3| 0.5782*
Table 12. Comparison BETWEEN PROVOCATIONS, CTS, sNCV+
Time A minus B A minus C A minus D B minus C B minus D C minus D
(min) | Difference + _value Difference value Difference + value Difference * _value Difference + _value Difference * _value
SEM @m) | P SEM @um) | P SEM (um) | P SEM (um) | P SEM (um) | P SEM (um) | P
0 -125+9.3) 02012 35+2.7 |0.2154] -3.0+3.4 ]0.3888] 15.9+11.1] 0.1721] 9.6 +10.8 | 0.8209*] -6.4 +3.1 | 0.0580
25 | -54+49 02932 45+57 |04374] -44+38 | 0.2699|] 9.9+9.6 |0.7057*] 0.6+6.3 | 0.9266] -9.3+6.4 | 0.1675
5 -1.0+3.8 [0.8037 ] 1.2+13.0 [ 0.9253] 1.8+9.5 | 0.8489] 2.2+10.6 | 0.8373] 2.9+8.6 | 0.7394] 0.7+8.4 [ 0.9323
7.5 | -09+29.9|0.9767] 1.5+24.8 | 0.9530 ] 19.5+ 16.2 | 0.3289*| 2.4 +27.8 | 0.9330 ] 21.6 + 26.8|0.4037*]19.2 + 13.1| 0.1644
10 |-43.9+42.2| 0.3151] 9.1+29.2 | 0.7599 | 16.2 + 20.8 ] 0.4475] 53.0 + 42.5| 0.2315 ] 60.7 + 42.7| 0.1754*] 7.8 +29.9 | 0.7989
12.5] 0.0+ 39.5 | 0.9998 ) 56.3+37.1| 0.1501 ] 53.5 + 37.9 | 0.2247*] 56.3 + 41.3 ] 0.1930 ] 56.3 + 33.5| 0.1136 ] 0.0 + 76.5 | 0.6322*
15 | 23.3+43.8| 0.6021 ] 67.7 + 38.8 | 0.1011 | 80.2 + 33.9 | 0.0310 | 44.4 + 41.6 | 0.3024 | 61.9 + 34.8| 0.0953 |17.5 + 13.2| 0.2050
Table 13. Comparison BETWEEN PROVOCATIONS, CTS, sNCV-
Time A minus B A minus C A minus D B minus C B minus D C minus D
(min) | Difference | alue Difference + [ alue Difference # | alue Difference | alue Difference x| alue Difference | alue
SEM (um) | PVAYeL semm) | PVAYC] sEmwm) | PVEY] seEm@m) [ PVEY®] sEm wm) | PVAYC] sEm @m) | PVEY
0 16+11 [01992] 1.2+1.0 [0.2772] -0.1+1.3 [ 0.9317] -0.3+0.5 | 0.5126] -1.7+0.9 | 0.1063] -1.3+1.0 | 0.1987
2.5 23+12 ]10.0904] 03+1.1 |0.7726] -1.5+1.9 ] 0.4496| -2.0+1.0 | 0.0725] -3.8+1.1 [ 0.0091] -1.8+1.7 | 0.3334
5 29+20 ]0.1775] -23+4.4 | 0.6096] 0.0+23 ]0.9851) -53+3.6 |0.1765] -3.0+1.1 | 0.0313] 2.3+3.6 | 0.5384
7.5 1.0+22 [0.6511] -6.6+7.9 [0.6523*] -1.5+2.6 | 0.5823] -7.6+7.0 | 0.3120] -2.6+1.7 | 0.1625] 5.0+6.1 | 0.4294
10 1.8+20 [0.4023] -09+3.8 [0.8223] -06+1.8 [0.7561] -2.7+3.0 | 0.4016] -24+1.5 | 0.1483] 0.3+2.2 | 0.9008
125] -0.1+2.2 | 0.9805]-14.1 + 14.6]0.9453*] -3.2+2.4 | 0.2315]-14.1+13.2] 0.3177 ) -3.1+2.3 ] 0.2165 J11.0 + 12.4] >0.9999*
15 1.1+1.9 [ 0.5900|-43.8+44.0{0.7344*| -2.7+1.6 | 0.1287|-44.9+42.6|0.2031*] -3.8+2.2 | 0.1292 J41.1 + 43.3] 0.3702
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*indicates p-value from nonparameteric comparison
Highligted cells indicate significance at 0.05 level




CONCLUSIONS

The ergonomic risk factors of wrist flexion, direct pressure on the carpal tunnel, tendon loading,
and venous occlusion cause a decrease in sensitivity in the area of the hand innervated by the
median nerve. This was demonstrated in subjects without CTS or other forms of neuropathy or
nerve damage as well as in subjects with CTS (with both normal and slowed nerve conduction).
Subjects with diabetic neuropathy also experienced a decrease in sensitivity, though the shift was
not statistically significant in many cases from the baseline.

Subjects with CTS with slowed nerve conduction experienced the greatest temporary VPT shifts.
The shift was significantly higher than that of the normal group following 15 minutes of each
provocation. The subjects with CTS and normal nerve conduction, however, reacted about the
same to the provocations as the normal group.

Addition of other ergonomic risk factors to flexion did not seem to have a significant effect. The
effect of these risk factors alone was not tested. It is possible that the addition of risk factors
partially alleviated the effect of flexion.

The effect of direct pressure, tendon loading, and venous occlusion may be studied further. The
magnitude of these risk factors was not varied. It is possible that increasing the magnitudes will
increase the temporary VPT shift. The magnitude of flexion was near maximal for the subject,
while the magnitude of the other risk factors was probably far from maximal for most subjects.
Future studies may show magnitudes of other risk factors that lead to an equivalent VPT shift to
that caused by near maximum flexion.

Quantification of the effect of ergonomic risk factors may be more useful than merely analyzing
the exposure. The ability to measure a change in tactile sensitivity due to ergonomic risk factors
was demonstrated. Future studies may apply VPT measurements to assess the effect of actual
work tasks.

Small sample sizes might have contributed to the inability to show significant difference between
groups. Power studies were not performed to estimate the number of subjects required to
demonstrate significance. The data from this study will help in determining sample size in future
studies.
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