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The Effect of Long-Distance Bicycling
on Ulnar and Median Nerves

An Electrophysiologic Evaluation of Cyclist Palsy
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Joel Press,i MD, and Cynthia Garvan,|| PhD

From the TDepartment of Physical Medicine and Rehabilitation, University of Colorado School
of Medicine, Denver, Colorado, the *Rehabilitation Institute of Chicago, Chicago, lllinois, the
§Universiz‘y of Chicago Pritzker School of Medicine, Chicago, lllinois, and the IUniversiz‘y of
Florida College of Medicine, Gainesville, Florida

Background: Distal ulnar neuropathies have been identified in cyclists because of prolonged grip pressures on handlebars. The
so-called cyclist palsy has been postulated to be an entrapment neuropathy of the ulnar nerve in the Guyon canal of the wrist.
Previous studies utilizing nerve conduction studies have typically been either case reports or small case series.

Hypothesis: Electrophysiologic changes will be present in the ulnar and median nerves after a long-distance multiday cycling
event.

Study Design: Cohort study; Level of evidence, 2.

Methods: A total of 28 adult hands from 14 subjects underwent median and ulnar motor and sensory nerve conductions, which
were performed on both hands before and after a 6-day, 420-mile bike tour. A ride questionnaire was also administered after the
ride, evaluating the experience level of the cyclist, equipment issues, hand position, and symptoms during the ride.

Results: Distal motor latencies of the deep branch of the ulnar nerve to the first dorsal interosseous were significantly prolonged
after the long-distance cycling event. The median motor and sensory studies as well as the ulnar sensory and motor studies of
the abductor digiti minimi did not change significantly. Electrophysiologic and symptomatic worsening of carpal tunnel syndrome
was observed in 3 hands, with the onset of carpal tunnel syndrome in 1 hand after the ride.

Conclusion: Long-distance cycling may promote physiologic changes in the deep branch of the ulnar nerve and exacerbate

symptoms of carpal tunnel syndrome.

Keywords: electrodiagnostics; ulnar neuropathy; cycling; nerve entrapment

Focal entrapment neuropathies of the ulnar nerve may
occur at the wrist. Often the compression occurs as the
ulnar nerve passes through the Guyon canal formed
between the hook of the hamate and the pisiform bones of
the wrist. Cyclist palsy, ulnar nerve compression in the
Guyon canal, is postulated to occur from prolonged grip
pressures on bicycle handlebars.
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Cyclist palsy has been described in the literature since
the first case was reported in 1896 by Destot.'’ Over the
years, several European articles subsequently followed,
noting the problem.”'*'*?*# Beginning in the 1970s, with
the increased interest in cycling, reports in American jour-
nals began to surface.5%1%%

Ulnar neuropathy at the wrist may result in dysesthesia
of the little and ring fingers as well as intrinsic hand mus-
cle weakness. As the ulnar nerve approaches the wrist, it
has 2 sensory branches: the palmar cutaneous branch,
which provides sensation to the hypothenar region, and
the dorsal ulnar cutaneous branch, which provides sensa-
tion to the dorsal aspect of the hand. The ulnar nerve then
enters the hand via the ulnar tunnel, commonly called the
Guyon canal.

The Guyon canal is formed between the pisiform bone
and the flexor carpi ulnaris (FCU) tendon ulnarly and the
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Figure 1. The ulnar nerve and its branches at the level of the
wrist.

hook of the hamate radially. The pisohamate ligament
forms the distal floor of the canal. The palmar carpal liga-
ment (an aponeurotic extension of the FCU) and the pal-
maris brevis muscle form the roof."

Either within or just distal to the canal, the ulnar nerve
branches to the palmaris brevis muscle and then bifur-
cates to its superficial sensory division and pure motor
division. This motor division further bifurcates into the
branch to the hypothenar region and the deep palmar
branch. Ulnar nerve compressive lesions may occur as
injuries to the ulnar nerve proper or its respective branches
(Figure 1).

No previous study has electrophysiologically tested the
ulnar nerve, the median nerve, and their respective
branches in cyclists. In particular, there has been a dearth
of literature correlating cyclist palsy to electrophysiologic
changes. Jackson'” performed nerve conduction studies on
the sensory and motor components of both the median and
ulnar nerves of long-distance cyclists but did not study the
deep ulnar motor branch. Wilmarth and Nelson®! exam-
ined only the ulnar sensory nerve conduction studies. In
both studies, the results of all nerve conductions were nor-
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mal, even in cyclists experiencing symptoms. Wilmarth
and Nelson®' showed that the sensory nerve conduction
studies for the ulnar nerve, although within normal val-
ues, varied significantly from the control group of noncy-
clists. These studies may not have shown significant
changes in ulnar and median nerve conductions because
not all branches of the ulnar nerve were tested adequate-
ly.

A novel electrophysiologic technique to test the ulnar
nerve has emerged to isolate the deep branch of the ulnar
nerve.” Our study aims to examine prospectively the elec-
trophysiologic changes of the ulnar and median nerves
and their respective branches across the wrist before and
after a long-distance multiday cycling event.

PATIENTS AND METHODS

Design

A prospective cohort study of bicyclists riding in a multi-
day event was designed to assess electrophysiologic
changes to the ulnar and median nerves. A follow-up ques-
tionnaire was also given to attempt to correlate changes to
cyclists’ habits.

Subjects

Approval from the Institutional Review Board was
obtained. All subjects signed informed consent forms.
Subjects were recruited by word of mouth from an adult
recreational bicycling club. Not all club members partici-
pated in this study. Nerve conduction studies before and
after the endurance bicycling event were used to test 28
hands from 14 adult subjects. There were 7 men and 7
women tested. The average age was 52.1 years, with a
range of 41 to 64 years. No subjects reported symptoms
before the study. Subjects had a varied amount of training,
but they typically had about 500 miles of training during
the previous 3 months.

A long-distance endurance bicycling event acted as the
intervention. The bike tour totaled 420 miles over 6 days.
All subjects completed the tour and did not drop out of any
part of the tour. All cyclists wore gloves and, with 1 excep-
tion, used padded handlebars.

Outcome Measures

Nerve conduction parameters acted as outcome measures.
Testing of nerve conduction using standard parameters
was performed before and after the bike tour. A single
physician who was board-certified in electrodiagnostic
medicine performed all testing.

Instrumentation

A Nicolet Viking Quest electrodiagnostic machine (Nicolet
Biomedical, Madison, Wis) was used for all nerve conduc-
tion studies (Figure 2).
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TABLE 1
Comparison of Onset Latencies of the Median and Ulnar Nerves Before and After the Ride”
Median Ulnar to ADM Ulnar to FDI FDI to ADM
Before After Before After Before After Before After

Average 3.70 3.45 3.1 3.0 3.5 3.7 0.45 0.6
Range 2.9-4.8 2.7-5.3 2.4-3.5 2.6-3.5 3.0-4.3 3.2-4.4 0-1.1 0.3-1.5
SD 0.45 0.62 0.29 0.25 0.27 0.39 0.219 0.26
P 5020 2357 .0044° <.0001°

“ADM, abductor digiti minimi; FDI, first dorsal interosseous.
bStatistically significant.

Figure 2. Electrodiagnostic machine used for nerve conduc-
tion studies.

Technique

The peak latency and peak-to-peak amplitude were
recorded for the sensory nerve conductions. The onset
latency and amplitude were recorded for the motor nerve
conductions.

The following nerve conduction studies were performed
on both hands of each of the cyclists before and immedi-
ately after the 420-mile bicycle ride.

Median Motor Nerve Conduction to the Abductor Pollicis
Brevis. The reference electrode was placed over the car-
pometacarpal joint of the thumb; 8 cm was measured along
the course of the median nerve from a disc electrode placed
on the motor point of the abductor pollicis brevis.
Stimulation was then applied to the wrist over the median
nerve between the palmaris longus and flexor carpi radi-
alis (FCR) tendon. Compound motor unit action potential
responses were obtained. Onset latencies and amplitudes
were recorded.

Ulnar Motor Nerve Conduction to the Abductor Digiti
Minimi and First Dorsal Interosseous. Two-channel ulnar
motor nerve studies were performed of the abductor digiti

minimi (ADM) and the first dorsal interosseous (FDI).
This 2-channel test has emerged as a method to assess the
segment of the ulnar motor nerve between the hypothenar
branch and the branch to the FDL" The reference electrode
was placed over the metacarpophalangeal joint of the little
finger; 8 cm was measured from the disc electrode placed
on the ADM proximally along the course of the ulnar
nerve. Stimulation was then applied to either side of the
FCU tendon; compound motor unit action potential
responses were obtained. Onset latencies and amplitudes
were recorded.

Median Sensory Nerve Conduction to the Index Finger.
Ring electrodes were placed on the index finger at least 4
cm apart, and 14 cm was measured from the proximal ring
electrode to the wrist along the course of the median
nerve. Stimulation was then performed between the pal-
maris longus and the FCR tendon. A sensory nerve action
potential was obtained. The peak latencies and the peak-
to-peak amplitudes were recorded.

Ulnar Sensory Nerve Conduction to the Little Finger.
Ring electrodes were placed on the little finger at least 4
cm apart, and 14 cm was measured from the proximal ring
electrode along the course of the ulnar nerve. Stimulation
was then performed on either side of the FCU tendon. A
sensory nerve action potential was obtained. The peak
latencies and peak-to-peak amplitudes were recorded.

Statistical Data Analysis

Data were encoded electronically using Microsoft Excel
(Microsoft Corp, Redmond, Wash) and analyzed using SAS
(version 8.0, SAS Institute, Cary, NC). Differences in elec-
trodiagnostic measures for each subject were calculated by
subtracting preride measures from postride measures. To
test the null hypothesis that the difference was equal to
zero, the Wilcoxon signed rank test was performed. P val-
ues less than .05 indicated that differences were signifi-
cant.

RESULTS

Table 1 shows a comparison of onset motor latencies for
the different nerves and nerve segments, which were tested
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Figure 3. Normal Q-Q plots for ulnar motor nerve conduction to the abductor digiti minimi (ADM) and first dorsal interosseous

(FDI).

TABLE 2
Peak Sensory Latencies of the Median
and Ulnar Nerves Before and After the Ride®

Median Ulnar
Before After Before After
Average 3.30 3.15 3.20 3.10
Range 2.7-41 2.7-41 2.7-3.5 2.7-3.5
SD 0.31 0.35 0.21 0.22
P 7204 .6466

“No statistical significance was seen.

before and after the event, including a comparison of the
difference in latency between the ulnar nerve conductions
to the FDI and the ADM.

The absolute onset motor latencies for the deep branch
of the ulnar nerve to the FDI before and after the event
were significantly different (P = .0044). The difference
between the FDI and the ADM also showed slowing after
completion of the event (P < .0001).

Table 2 presents the comparison data of peak latencies
for the sensory nerve conduction studies before and after
the event. Results of the sensory nerve conduction studies
of the median sensory and ulnar sensory nerves did not
show significant difference between the preride and
postride peak latencies.

As a population, there was no significant difference
between the hands before or after the ride for either the
median motor or sensory study. However, of the 28 hands
tested before the ride, 3 had an onset latency greater than
4.2 milliseconds for the median motor nerve. An onset
latency of 4.2 milliseconds or greater for the median nerve
has been established as indicative of a median neuropathy
at the level of the wrist, that is, carpal tunnel syndrome
(CTS)."*® After the ride, these hands experienced an
increase in latency time. In addition, 1 cyclist’s hand expe-
rienced a 0.9 millisecond increase from 3.9 milliseconds to
4.8 milliseconds, indicative of CTS onset. This person
reported experiencing palm numbness and tingling bilat-
erally.

In analyzing the data for this study, an effort was made
to be sure standard normal statistics would yield accurate
results. To prove this, we utilized a Q-Q plot comparison.

Downloaded from ajs.sagepub.com at Univ of lllinois at Chicago Library on January 30, 2011


http://ajs.sagepub.com/

1228 Akuthota et al

The Q-Q plots (Figure 3) indicate the measured distribu-
tion against that of predicted normal distributions. These
probability plots are generally used to determine whether
the distribution of a variable matches a given distribution.
If the selected variable matches the test distribution, the
points cluster around a straight line, indicating that there
is a normal distribution. These plots suggest that a stan-
dard normal statistical approach is acceptable.

DISCUSSION

Our objective was to examine prospectively the electro-
physiologic changes of the ulnar and median nerves and
their respective branches across the wrist, before and after
a long-distance multiday cycling event. The onset motor
latencies were significantly prolonged for the deep branch
of the ulnar nerve to the FDI (P = .0044) after the ride. The
segment between the FDI and the ADM also showed slow-
ing after the ride (P <.0001). In addition, 3 hands had elec-
trophysiologic findings suggestive of CTS before the ride,
with further prolongation of the median motor latency
after the ride; 1 hand showed the onset of CTS after the
ride.

In this study, the nerve conduction studies of the ulnar
motor branch to the ADM before and after the tour did not
show a significantly increased onset latency. All nerve con-
duction studies of the ADM, both before the ride and after
the ride, were within normal limits.’ Thus, no conclusions
can be drawn about the effects of cycling and handlebar
pressure on the segment of the ulnar nerve to the ADM.
However, the statistically significant findings of our study
implicated changes of the onset latency to the deep branch
of the ulnar nerve to the FDI. Our groups’ average distal
latency of 3.53 milliseconds before the ride is slightly
below the population mean of 3.6 milliseconds, and our
groups’ average of 3.74 milliseconds after the ride is slightly
above the population mean of 3.6 milliseconds.” All the
cyclists’ FDI latencies were within established normal val-
ues of a mean of 3.4 milliseconds, with a range of 2.6 to 4.4
milliseconds.”®

To determine cyclist palsy in riders, we looked at estab-
lished values for the onset latency to the ADM and the
FDI. The onset latency to the ADM was not affected,
whereas the onset latency to the FDI was affected, sug-
gesting the lesion may be located in the palm, distal to the
motor branch to the ADM. This pattern, therefore, would
also affect the latency difference between the ADM and
the FDI on the ipsilateral side. Logically, the ADM to FDI
difference is also where significant differences were seen.
These results indicate that subclinical changes can occur
in the nerves of cyclists’ hands.

Olney and Wilbourn® established distal motor latencies
to the FDI, ipsilateral time differences for the distal motor
latency between the ADM and the FDI, and side-to-side
differences of the FDI latencies. Lo et al*! established side-
to-side differences to the ADM (0.394 milliseconds) and to
the FDI (0.474 milliseconds).

The use of contralateral comparison of the motor nerve
conductions to the ADM and the FDI may be useful for
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diagnosing ulnar neuropathy in a typical population; how-
ever, contralateral differences may not be sensitive enough
to evaluate cyclist palsy. It is possible that contralateral
comparisons may not be effective because both hands are
subjected to similar forces while on the bike. Even if a
cyclist commonly changes gears with only 1 hand, the time
difference spent on the bars during a long ride would be
negligible.

Although bicyclists may classically sustain an ulnar
nerve injury, median nerve injuries in cyclists are also
common.” In our study, 3 hands had an onset latency of the
median motor nerve greater than 4.2 milliseconds, which
indicates a median neuropathy at the level of the wrist,
that is, CTS."** All 3 of these hands had increases (or
worsening) of their latency times after the ride. Also, 1
cyclist’s hand indicated the onset of CTS.

Among all the riders in whom nerve conduction studies
were obtained, 50% noted symptoms in their hands, char-
acterized as pain, numbness, or tingling. Of interest, the
symptoms covered both ulnar and median sensory branch
territory and could not be correlated to abnormalities of
the sensory conduction studies. None of the riders com-
plained of any weakness. Prior literature has also found
nerve conduction studies to be within normal limits, even
when symptoms occurred.''®'"*! Needle electromyogra-
phy can be a useful component in the testing of severe
cases of ulnar and median nerve injury. Our study did not
evaluate needle electromyographic changes.

Theoretically, the prolonged pressure on the median and
ulnar nerves during a bicycle ride can affect nerve physi-
ology. Yet no conclusion can be drawn about the exact
cause of nerve physiologic change, as all cyclists wore
gloves and, with 1 exception, used padded handlebars
(Figure 4). The use of gloves and padded handlebars has
often been postulated to prevent cyclist pallsy.‘*’M’lg’z‘*’28
However, subclinical changes may occur.

Several studies assessing the incidence of both acute
and overuse injuries in cyclists have been conducted.
These studies focused either on the general populace or on
specific groups of cyclists involved in large-scale bicycling
tours."”'** The studies indicate that 19% to 36% of par-
ticipants experienced symptoms in their hands or wrists
during long-distance multiday riding events. Patterson et al”’
found that 92% (23 of 25) of cyclists had either motor or
sensory symptoms, or both, when interviewed and exam-
ined after a 600-km bicycle ride.

Eckman et al'® were the first in the literature to corre-
late clinical symptoms with electrodiagnostic studies. They
reported on 3 cases of cyclist palsy, using nerve conduction
studies, and discussed localizing the lesion using the dif-
ference in latency between the conduction of the FDI and
the ADM.

Shea and McClain® first classified ulnar compression
syndromes of the wrist and hand into 3 categories (Table
3). In 1985, Wu et al®? reclassified the syndromes into 5
categories (Table 3).

Our electrodiagnostic study has shown that changes do
occur to the deep branch of the ulnar nerve, even with typ-
ical preventive measures. Whether the increased onset

Downloaded from ajs.sagepub.com at Univ of lllinois at Chicago Library on January 30, 2011


http://ajs.sagepub.com/

Vol. 33, No. 8, 2005 Effect of Long-Distance Bicycling on Ulnar and Median Nerves 1229

Figure 4. A variety of hand positions available for road cycling.

TABLE 3
Comparison of Classification Systems of Ulnar Nerve Compression at the Wrist

Shea and Wu et

McClain® al®
Type Type Location
1 I Mixed Proximal to or within the Guyon canal
111 11 Sensory At the wrist, just distal to the branch to the palmaris brevis muscle
11 111 Motor Proximal to the branch to the hypothenar muscles
v Motor Distal to the branch to the hypothenar muscles
A% Motor Proximal to the branches to the first dorsal interosseous and adductor pollicis muscles
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latency times are because of the cyclist’s position on the
bike or other factors is unknown. Further studies could
include a larger number of participants and could estab-
lish the exact position and distribution of weight on the
bicycle. Also, a study employing needle electromyography
as well as nerve conduction studies could add clarity to the
exact pathophysiological injury to the ulnar and median
nerves. Our study shows descriptively that preexisting
nerve palsies may be exacerbated both pathophysiologically
and symptomatically with long-distance bicycling.

There are several limitations to our study. These limita-
tions include the small number of our sample size and the
lack of a temperature measurement. Many other technical
errors may have occurred, including measurement error,
submaximal stimulation, inconsistencies in the distance
from the motor point, and differences in interelectrode dis-
tance.'” However, the same experienced electromyographer
performed all tests in a similar fashion.

Every attempt was made to perform all measurements
at the same time of day and in a similar ambient temper-
ature. All subjects were measured within 3 hours of com-
pleting the cycling tour. Therefore, no significant delay
occurred between the testing of the subjects and the end of
the cycling tour. A variety of factors have been shown to
affect nerve conduction studies, such as age, gender,
weight, and temperature. There have been no studies
which have shown any effect on nerve conductions in
regard to fitness level or hydration status.’” The average
age of our subjects was 52.1 years. Our sample size was
not large enough to evaluate the effects of age and riding
history and how these factors may have affected the nerve
conduction studies.

In conclusion, our study demonstrates that long-distance
cycling may cause electrophysiologic changes in the deep
motor branch of the ulnar nerve and may exacerbate
symptoms of CTS because of changes to the median nerve.

ACKNOWLEDGMENT

This study received no financial assistance. We thank the
Chicago Urban Bicycling Society (CUBS) for its participa-
tion and encouragement during the 2000 Register’s
Annual Great Bicycle Ride Across Iowa (RAGBRAI).

REFERENCES

1. Andersen KV, Bovim G. Impotence and nerve entrapment in long dis-
tance amateur cyclists. Acta Neurol Scand. 1997;95:233-240.

2. Assmus H, Hamer J. Die distale Nervus-ulnaris-Kompression:
Syndrom der “Loge de Guyon” und des Ramus prof. N. ulnaris.
Neurochirurgie. 1977;20:139-144.

3. Braithwaite IJ. Bilateral median nerve palsy in a cyclist. Br J Sports
Med. 1992;26:27-28.

4. Burke ER. Ulnar neuropathy in bicyclists. Phys Sportsmed.
1981;9:53-56.

5. Buschbacher RM. Ulnar nerve motor conduction to the abductor dig-
iti minimi. Am J Phys Med Rehabil. 1999;78(suppl 6):S9-S14.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Cowdery SR, Preston

The American Journal of Sports Medicine

. Capitani D, Beer S. Handlebar palsy: a compression syndrome of the

deep terminal (motor) branch of the ulnar nerve in biking. J Neurol.
2002;249:1441-1445.

DC, Herrmann DN, Logigian EL.
Electrodiagnosis of ulnar neuropathy at the wrist: conduction block
versus traditional tests. Neurology. 2002;59:420-427.

. Converse T. Cyclist’s palsy. N Engl J Med. 1979;301:1397-1398.
. Dannenberg AL, Needle S, Mullady D, Kolodner KB. Predictors of

injury among 1638 riders in a recreational long-distance bicycle tour:
Cycle Across Maryland. Am J Sports Med. 1996;24:747-753.

.Dawson DM, Hallett M, Wilbourn AJ, Campbell WW, Terrono AL,

Trepman E. Entrapment Neuropathies. Hagerstown, Pa: Lippincott,
Williams and Wilkins; 1998.

. Destot J. Pararlysie cubitale par I'usage de la cyclette. Gaz Des Hop.

1896;69:1176-1177.

. Dumitru D. Electrodiagnostic Medicine. 2nd ed. Philadelphia, Pa:

Hanley and Belfus; 1995.

. Eckman PB, Perlstein G, Altrocchi PH. Ulnar neuropathy in bicycle

riders. Arch Neurol. 1975;32:103-131.

. Frontera, WR. Case report cyclist’s palsy: clinical and electrodiag-

nostic findings. Br J Sports Med. 1983;17:91-93.

. Guillain G, Bourguignon G, Corre M. Les paralysies du nerf cubital

chez les cyclistes. BM Soc Med Hop Paris. 1940;56:489-492.

.Hankey GJ, Gubbay SG. Compressive mononeuropathy of the deep

palmar branch of the ulnar nerve in cyclists. J Neurol Neurosurg
Psychiatry. 1988;51:1588-1590.

.Jackson DL. Electrodiagnostic studies of median and ulnar nerve in

cyclists. Phys Sportsmed. 1989;17:137-144.

.Krause KH, Berlit P. Elektroneurographische Bejunde bei der

Radfahrerla h Mung. EEG EMG Z Elektroenzephalogr Elektromyogr
Verwandte Geb. 1981;12:90-93.

. Kulund DN, Brubaker CE. Injuries in the Bikecentennial Tour. Phys

Sportsmed. 1978;6:74-78.

Lereboullet J, Lindeux M. La paralysie cubitale des cyclistes. Paris
Med. 1942;24:315-316.

Lo YL, Ratnagopal P, Leoh TH, Dan YF, Lee MP, Yong FC. Clinical and
electrophysiological aspects of distal ulnar neuropathy. Acta Neurol
Scand. 2002;105:390-394.

Melvin J, Schuchmann J, Lanese R. Diagnostic specificity of motor
and sensory nerve conduction variables in the carpal tunnel syn-
drome. Arch Phys Med Rehabil. 1973;54:69-74.

Mumenthaler M. Die Ulnaisparese. Stuttgart, Germany: Theime
Verlag; 1942.

Munnings F. Cyclist’s palsy making changes brings relief. Phys
Sportsmed. 1991;19:113-119.

Noth J, Dietz V, Mauritz KH. Cyclist’s palsy. J Neurol Sci.
1980;46:111.

Olney RK, Wilbourn AJ. Ulnar nerve conduction study of the first dor-
sal interosseous muscle. Arch Phys Med Rehabil. 1985;66:16-18.
Patterson JM, Jaggars M, Boyer M. Ulnar and median nerve palsy in
long-distance cyclists. Am J Sports Med. 2003;31:585-589.
Richmond DR. Handlebar problems in bicycling. Clin Sports Med.
1994;13:165-173.

Shea JD, McClain EJ. Unlar nerve compression syndrome at and
below the wrist. J Bone Joint Surg Am. 1969;51:1095-1103.

Weiss, BD. Nontraumatic injuries in amateur long distance bicyclists.
Am J Sports Med. 1985;13:187-192.

Wilmarth MA, Nelson SG. Distal sensory latencies of the ulnar nerve
in long distance bicyclists: pilot study. J Orthop Sports Phys Ther.
1988;9:370-374.

Wu JS, Morris JD, Hogan GR. Ulnar neuropathy at the wrist: case
report and review of literature. Arch Phys Med Rehabil. 1985;66:785-
788.

Downloaded from ajs.sagepub.com at Univ of lllinois at Chicago Library on January 30, 2011


http://ajs.sagepub.com/

