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Nerve conduction studies of the axillary, musculocutaneous
and radial nerves in elite ice hockey players

T.COLAK ', B. BAMAG ', M. ALEMDAR 2. H. MACIT SELEKLER 2, A. OZBEK 1. S. COLAK *, 0. DINCER '

Aim. The peripheral nerves of the upper extremity are
exposed to acute and chronic mechanical injuries in ice
hockey players, because of the high repetition of motions,
high muscular forces and extreme shoulder positions. This
study was performed to evaluate the effect of ice hockey
playing on the axillary, musculocutaneous and radial nerves
crossing the upper arm region.

Methods. The ice hockey group consisted of 20 first-divi-
sion male ice hockey players and the control group con-
sisted of 20 non-active males. The neurophysiological study
consisted of motor nerve conduction latency of the axillary,
musculocutaneous and radial nerves.

Results. The values of distal motor latency (DML) of the
axillary, radial and musculocutaneous nerves were signifi-
cantly prolonged in the ice hockey players compared with
the controls. Ice hockey can repetitively stress the upper
extremity during shooting. because of forceful throwing to
move the puck from the stick blade to the opponent’s net.
The mechanism of prolonged DML in the axillary nerve
may both tract and compress as the axillary nerve stretch-
es across the humerus during movement. From this study it
emerged that using the biceps and coracobrachialis muscles
can create notable muscle compartment pressure on the
musculocutaneus nerve. The significant differences detect-
ed in the neurophysiologic study of the musculocutaneous
nerve between the ice hockey players and controls may
reflect the fact that the forces acting on the shoulder and the
elbow during ice hockey matches can effectively influence
DML.

Conclusion. The authors suggest two plausible causes for
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prolonged radial nerve DML: direct compression by the
hypertrophied triceps muscle and stretching of the arm.
The study suggests it is likely that a combination of skeletal
muscle hypertrophy and excessive biomechanical demands
on neurological structures during ice hockey matches may
be a major etiologic factor in compression of the axillary,
musculocutaneous and radial nerves.

Key words: Hockey - Nerve expansion - Motor activity.

Icc hockey is a fast collision sport with a high risk of
injury. Muscle imbalance and structural asymme-
try are common in ice hockey players due to the fre-
quent rotational forces and collisions to which they
are subjected.! Nerve injuries remain one of the most
serious complications of contact sports.? There is un
intrinsic risk for injury in ice hockey. with many injuries
potentially affecting the nervous system.? In ice hock-
ey players. nerve injuries most commonly consist of
concussions and spinal cord injuries, while peripher-
al nerve injuries are much less common .4 A few cas-
es have been described of ice hockey players with
peripheral neuropathies involving the axillary nerve.
peroneal nerve S medial and lateral plantar nerves ©
and sural nerve.’
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The glenohumeral joint is a potential area for nerve
lesions, because it be influenced by the dynam-
ics of the shoulder girdle. Peripheral nerve injuries
about the shoulder are being recognized with increas-
ing frequency in athletes. The natural history of these
injuries make it important to treat the athlete. lee hock-
ey players may be at risk of neurovascular injury to the
shoulder as a result of strenuous activity of the upper
extremity.2-'0 The peripheral nerves of the upper
extremity are exposed to acute and chronic mechani-
cal injuries in ice hockey players, because of frequent
repetition of motions. high muscular forces and extreme
shoulder positions. Although these injuries present as
distinet clinical syndromes, the signs and symptoms
may remain subclinical. Identification of nerve injuries
requires an understanding of the types and common
sites unique to each sport. Therefore, this study was
performed to evaluate the effect of playing ice hock-
ey on the axillary. musculocutaneous and radial nerves
crossing the upper arm region, as well as to evaluate
whether or not the upper extremity movements of the
ice hockey players have a compressive effect on the
nerves,

Material and methods

The ice hockey group consisted of 20 first-division
male ice hockey players (age 23.747.32 years). They
had been active in high-level ice hockey for 4.7 (2-8)
years, and practiced 8 h/week. The control group con-
sisted of 20 non-active males (age 24.6£8.35 years) not
participating in any Kind of regular or organized sport
activity, The controls were recruited from among stu-
dents of the School of Medicine. Each subject was
initially screened for any history. signs or symptoms
of either peripheral neuropathy or compression syn-
drome of the upper extremities. None in either group
had a history of previous severe trauma (o the upper
extremity. Before participation, informed consent was
obtained from each subject. All were examined at the
Kocaeli University Hospital Turkey.

The neurophysiological study consisted ol motor
nerve conduction of the axillary. musculocutancous
and radial nerves. The nature of the procedure was
explained (o the subjects. They had to lay supine on a
padded table with the upper limb supported. All stud-
ies were performed in a warm room maintained at 26-
28 °C. The skin temperature of the upper hmb was
checked to eliminate its influence on conduction para-
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meters. 1f necessary. the limb was warmed with the
aid of an infra-red heat lamp to maintain a temperature
of 32 °C or more. In an effort to reduce diurnal varia-
tion. all measurements were made at approximately the
same time of the day for each subject. Intercathodal dis-
tances were measured with an anthropometer. Both
the dominant and non-dominant extremitics of the
subjects were tested by a neurologist using a Neuropack
M1.MEB-9204K (Nihon. Kohden. Japan). The elec-
trophysiologic study was conducted according to the
American Association of Electrodiagnostic Medicine
practice guidelines.

The nerve conduction studies were performed
using standard techniques of supramaximal percu-
taneus stimulation with a constant current stimula-
tor and surface electrode recording on both extrem-
ities of each subject. Distal motor latency was select-
ed to assess the effects on axillary. radial and mus-
culocutaneous nerves motor conduction properties.
Generally, measurement of DML is important in
diagnosing peripheral neuropathy. Longer DML
reflects worse nerve dysfunction,

The axillary motor nerve was examined by stimu-
lating Frb’s point ¢supraclavicular fossa, just posteri-
or to the sternocleidomastoid muscle). The nerve was
stimulated with bipolar surface electrodes. and the
recording was carried out over the deltoid muscle w ith
surface electrodes. A surface reference electrode was
placed distally over the deltoid tendon.

Motor conduction of the musculocutaneous nerve
was performed by stimulating Erb’s point with bipo-
lar surface electrodes. Motor response was recorded
from the biceps muscle. A surface reference electrode
was placed distally over the biceps tendon.

The radial motor nerve was examined by stimulat-
ing Erb’s point. The nerve was stimulated with bipo-
lar surface electrodes. and the recording was carried out
over the triceps muscle with surface electrodes. A sur-
fuce reference electrode was placed distally over the tri-
ceps tendon.

DML was calculated from the start of the electrical
artefact 1o the first positive peak of the nerve potential.
Radial motor nerve conduction lutency was measured
between the Erb point and the triceps muscle, The
DML values were calculated both below (dominant
arms N.=21. non-dominant arms N.=21) and above
(dominant arms N.=19, non-dominant arms N.=19)
the midpoint of the mean distance (33 em) separately.
The DML values of the axillury nerve were measured
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between the Erb point and the deltoid muscle. The
DML values were calculated both below (dominant
arms N.=20, non-dominant arms N.=23) and above
(dominant arms N =20, non-dominant arms N.=17)
the midpoint of the mean distance (18 cm) separately.
Musculocutaneous motor nerve conduction latency
was measured between the Erb point and the biceps
muscle. The DML values both below (dominant arms
N.=20, non-dominant arms N.=23) and above (dom-
inant arms N.=20, non-dominant arms N.=17) the mid-
point of the mean distance (26 cm) were calculated
separately.

Simple biometric measurements were also carried
out. The groups were matched according to weight,
height, and limb length. Upper limb length was mea-
sured as the distance between the acromial angle and
the tip of the third digit of the hand, when the shoulder
was flexed to 90° with the elbow extended. Perimeters
of arm and forearm were measured to allow compar-
ison between the dominant and the non-dominant side.
Using atape measure, the perimeter of the forearm 10
cm proximal to the styloid process of the ulna and the
perimeter of the arm 10 cm proximal 1o the medial
epicondyle of humerus were obtained.

Data were analyzed using SPSS for Windows
Version 15.00. A P value <0.05 was considered sta-
tistically significant. After tests for normality, statistical
significance was calculated using an independent sam-
ple ttest for normally distributed data and the Mann-
Whitney U test for data not normally distributed.

The study was conducted according to the guide-
lines of the Declaration of Helsinki and approved by the
Ethics Committee of Kocaeli University.

NERVE CONDUCTION IN ELITE ICE HOCKEY PLAYERS

Results

Comparison of the biometric data of the ice hockey
players and the non-athletes (controls) is given in Table
1. There were no statistical differences in age or height
between the controls and the ice hockey players. The
ice hockey players were heavier than the controls
(P=0.005). The perimeters of the arm and forearm
were chiefly influenced by muscle mass. A very
marked hypertrophy was observed in all the ice hock-
ey players in both the dominant and the non-domi-
nant arm and forearm compared with the controls.
There were no significant differences between the con-
trols and the ice hockey players with respect to upper
extremity length of both the dominant and non-dom-
inant side.

In the ice hockey players the axillary DMLs were
significantly prolonged compared with the controls
in both the dominant and non-dominant arms in sub-
jects with an Erb-deltoid distance longer than 18 cm.
There were no statistical differences in motor action
potential distal latency of the axillary nerve between
the controls and the ice hockey players in either the
dominant or the non-dominant arms below 18 ¢cm
(Table I1).

The musculocutaneous nerve DMLs of the dominant
arms of the ice hockey players were significantly pro-
longed in comparison to those of the non-dominant
arms of the controls in subjects with an Erb-biceps
distance shorter than 26 cm. The DMLs of the mus-
culocutaneous nerve were not significantly different in
the dominant arms of the ice hockey players compared
with the dominant arms of the controls above 26 cm.

TABLE 1.— Comparison of the biometric data of professional »ce hockey plavers and sedentary non-athletic subjects.

Characteristics Control lce hockey P

Age (years) 22.50(1.3y 2190 (1.8) 0.383
Height (cm) 177.2(3.6) 181.2(7.7) 0.091
Weight (kg) 68.75 (6.4) 7797(11.1) 0.005
Perimeter foream (cm) Dominant 22.3(1.8) 254(2.7) 0.000
Non-dominant 22.1(1.8) 25.1 (2.5) 0.000

0.718 0.659
Perimeter arm (cm) Dominant 26.3(1.8) 3130 0.000
4 Non-dominant 27192.1) 312 0.000

P 0.620 0718
Length upper extremity (cm) Dominant 78.27 (3.8) 78.7(1.5) 0841
Non-domimant 78.25(1.5) 78807 0.552

. 0.527 0,767

Values are given as mean (SD). Significant P values are shown in bold
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Tabi . —Mean distal latency(ms) results of the axillary nerve.
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Dominant Non-dominant
Distance (erb-deltond) Controls (N.=20) lee hockey players (N.=20) P Contrals (N =20) lee hockey players (N.=2) P
<I8em 3842031 (N=10) 3.66£0.48 (N=10) 0472 3.69£0.22 (N.=12) 372039 (N=11) 0.375
218 ¢m 3972034 (N.=10) 43320 30(N =10 0.034* 4.07£0.29 (N.=8§) 4.57£0.36 (N.=9) 0.0247
Values are given os meantSD. *Significantly different than the dominant and non-dominant arms of the controls.
TasLE L. — Mean distal latenevims) resudts of the muscuwlocutaneans nerve,
Donmnant Non-dominant
Distance (erb-deltond) Controls (N =20) lce hockey plavers (N =20) P Controls (N.=20) lce hockey players (N =20) P
<26e¢m 4.12£0.26 (N.=12) 4.39:0.26 (N =8) 0.045% 420034 (N=1h) 4.48+0.36 (N.=Y) 0073
226cm 4.5320 .40 (N.=8) 4.66x0.52(N.=12) 0.316 4.68+0.26 (N.=6) 467050 (N=11) .58
Values are given as meanxSD. *Significantly different than the dominant and non-dominant arms of the controls
TABLE IV.—Mean distal lateney (mys) results of the radial nerve.
Dominant Non-dominant
Distance (erb-dehoid) Controls (N =2 lee hockey players (N =240 P Comtrols (N =20 lee hockey plavers (N.=2() P
<3icm 418024 (N.=10 4732031 (N=1 1 0.002* 4224044 (N=11) 4874037 (N=10) 0.007*
233cem 4.75£0.30 (N=1 5.152039 (N.=9) 0.066 4842042 (N.=9) 533037 (N=1) 0a14s

Values are given as meansS1. *Significantly different than the dominant and non-dominant arms of the controls: “significantly different than the non-dominant arm of

the controls

There were no statistical differences between the con-
trols and the ice hockey players in the non-dominant
arms in subjects with an Erb-biceps distance below
and above 26 cm (Table 111).

The DMLs of the radial nerve were significantly
prolonged in the ice hockey players in both the dom-
inant and non-dominant sides compared with the con-
trols in subjects with an Erb-triceps distance below
and above 33 ecm (Table 1V).

Although nerve conduction values reached statisti-
cal significance between the two groups. the
fell within the normal range in the ice hockey players.

values

Discussion

Overuse injuries occur over time rather than atter a

single, identifiable event. The cumulative effect of

submaximal forces leads to injury. The injury mech-

Vol 49 Na. 2

anism for overuse conditions is more likely related to
the history of activity over a period of time.!! These
injuries are thought to be due to repetitive application
of relatively small loads over many repetitive cycles.!2
I3

The peripheral nerves are susceptible to injury in
athletes, because of the excessive physiological
demands made on both the neurological structures
and the soft tissues that protect them. In sports medi-
cine, most peripheral nerve injuries of the shoulder
are first degree injuries, or neuropraxias. consisting
of a conduction block in the presence of intact neural
elements, including the axons and their connective
tissue sheaths.'* While most acute and catastrophic
neurological injuries are usually obvious, many remain
subclinical and are not recognised before neurological
damage is permanent.® Definition of nerve injuries
requires a knowledge of the peripheral nervous system
and an understanding of the types and common sites

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS 127



COLAK

/ Deltoid muscle

—w Axillar nerve

Spatium axillare laterale
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i

Figure |.—Drawing of posterior view of upper arm region. Lateral and long
head of the triceps brachii has been divided to show the radial nerve.

of nerve injuries unique to each sport. The purpose ol
this study was. therefore, to examine how ice hockey
playing affects the nerves in the upper arm region.
Axillary nerve injuries in ice hockey have been
defined before. The most common cause of axillary
nerve injury is direct blow or shoulder dislocation.
Blunt trauma to the anterior shoulder without dislo-
cation is implicated in axillary nerve trauma 0. 14. 15
Axillary neuropathy due to direct contact without
shoulder dislocation has been reported in two hockey
players.? The axillary nerve is susceptible to injury at
several sites, including the origin of the nerve from
the posterior cord, the anteroinferior aspect of the sub-
scapularis muscle and shoulder capsule. the quadri-
lateral space. and within the subfascia of the deltoid
muscle. !0 The nerve leaves the axilla through the
quadrilateral space, which is formed by the humerus
and the teres minor. teres major and long head of the
triceps muscles 'S (Figure ). Axillary nerve com-
pression within the quadrilateral space had been pos-
tulated to be secondary to abnormal fibrous bands and
muscle hypertrophy of the muscular boundaries of the
space, which cause static and/or dynamic compres-
sion of the axillary nerve.'7.'* The present results
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demonstrated that the DML of the axillary nerve was
significantly prolonged in the dominant and non-dom-
inant arms of the ice hockey players compared with the
controls (subjects with an Erb-deltoid distance longer
than 18 cm [N .=10]). We can speculate on the reasons
for these differences. The demands placed on the upper
extremities in ice hockey generally occur biluterally.
In ice hockey. the shoulders have to abduct and adduct
with the hips to maintain balance. momentum and
increased velocity, whether the players have onc or
two hands on the stick for high-performance skating.
Practicing forceful shoulder/arm movement by keep-
ing the skates on the ice and forcefully abducting and
adducting the shoulders to produce forward move-
ment while maintaining a deep bend are recommend-
ed for enhancing performance.’¥ We suggest that the
exercise intensity was such that it would have an effect
on the axillary nerve conduction velocity in both the
dominant and non-dominant arms of the ice hockey
players.

lce hockey can repetitively stress the upper extrem-
ity during shooting. because of forceful throwing to
move the puck from the stick blade to the opponent’s
net, The mechanism of delayed motor conduction
velocity in the axillary nerve may both tract and com-
press as the axillary nerve stretches across the humerus
during movement. The anatomical features are such
that the axillary nerve is only free for a short distance
in the axilla: for the remainder of its length, it is
attached to the deltoid muscle by its numerous branch-
es. This appears to render it susceptible to stretch
injury.’ '8 There may also be traction injury at the
point where the nerve exits the quadrangular space in
forceful movement of the shoulder or muscle hyper-
trophy of the muscular boundaries of the space may
cause compression of the axillary nerve. On the other
hand, the mechanism of injury in the majority of ath-
letes studied was a direct blow to the anterior deltoid
muscle 2 1* The mechanism of axillary nerve injury is
typically a direct blow to the anterolateral deltoid mus-
cle, such as that which occurs during hockey colli-
sions and when attempting to tackle an opposing play-
er. A compressive foree is applied to the axillary nerve
as it travels on the deep subfascial surface and within
the deltoid muscle.'o We suggest that the axillary nerve
might be injured from a compressive force as it trav-
els on the deep deltoid muscle in repetitive direct blows
during practices and games.

The musculocutancous nerve arises directly from
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the lateral cord of the brachial plexus. In the upper
arm., it pierces the coracobrachialis muscle to run in the
fascia between the biceps and brachialis muscles. It
innervates the biceps. brachialis and coracobrachialis 5
Statistical differences in DML of the musculocuta-
neous nerve between the ice hockey players and the
controls in the dominant arms are evident (subjects
with an Erb-biceps distance shorter than 26 cm [N.=8]).
To our knowledge, cases of musculocutancous nerve
injury resulting from an athlete’s participation in ice
hockey have not been mentioned in the literature
before.

The musculocutaneous nerve may be vulnerable to
injury in certain situations. Musculocutancous nerve
lesions have been reported in association with vigor-
ous upper extremity activity 2023 Mastaglia ™ report-
ed three cases of isolated musculocutaneous neu-
ropathy related to heavy physical activity. Hypertrophy
or strong contraction ol the coracobrachialis (as in
weight-lifters) is assumed to determine both direct
mechanical and ischemic nerve injury 242 Injuries to
the musculocutancous nerve most commonly involve
its sensory portion.

In ice hockey. upper extremity training exercises
include biceps curls, triceps pushdowns. incline dumb-
bell bench press, and dumbbell flat press. It seems
that using the biceps and the coracobrachialis muscle
can create notable muscle compartment pressure on the
musculocutaneus nerve. The significant differences
in neurophysiologic study of the musculocutaneous
nerve between the ice hockey players and the controls
may reflect that the forces acting on the shoulder and
elbow during ice hockey matches can effectivly influ-
ence motor conduction velocity.

The radial nerve is a direct continuation of the pos-
terior cord of the brachial plexus. On leaving the axil-
la. the radial nerve winds around the back of the arm.
first between the long and medial heads of the triceps.
then in the spiral groove on the back of the humerus.
between the lateral and medial heads of the triceps 27
(Figure 1), The most common radial neuropathy occurs
at the spiral groove. Here. the nerve lies juxtaposed
to the humerus and is quite susceptible to compres-
sion,!*

The radial nerve is not infrequently injured during
athletic or other strenuous activities 2* It can be com
pressed or undergo traction injury at multiple sites
along its course. Radial nerve injurics may result from
muscular effort with the arm. Woltman ¢r a/. 29

0

Vol 49 No 2

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

COLAK

described a radial nerve injury resulting from throw-
ing a discus. Sinson ¢r af 2* presented two cases of
severe radial nerve injury precipitated by the “wind-
mill™ arm motion of softball pitchers. Proximal (high)
radial nerve palsy after strenuous muscle activity has
been reported #0533 Both unilateral and bilateral com-
pression syndrome of the nerve at the lateral head of
the triceps muscle has been reported and attributed to
repetitive movement and muscle hypertrophy.23. 3134
-3 Many cases of radial nerve entrapment follow-
mg muscular overexertion have been reported to be
caused by the fibrous arch at the lateral head of the
triceps 0.3 338 T explore this mechanism further,
Lotem ef al 3 performed a number of cadaver dissec-
tions of the radial nerve. They tound a fibrous arch of
tendon giving rise to muscle fibres of the lateral head
of the triceps in “almost every case”. Furthermore,
they observed that it appeared generally more con-
spicuous and stronger in muscular subjects. The pas-
sage of the radial nerve under the arch was usually
loose: however, in some cases it was tighter than in
others. They suggested that a tight arch may cause
compression of the radial nerve. Fibrous arches can also
oceur at the long head of the triceps muscle. Prochaska
el al * reported high radial nerve palsy to have occured
in a tennis player after practicing his tennis serve.
Their surgical exploration showed a fibrous arch com-
ing from the long head of the triceps and causing
entrapment of the radial nerve.

In this study, it was found that the DML of the radi-
al nerve was significantly prolonged in both the dom
inant and non-dominant arms of the ice hockey play-
ers. The level of the compression may be below the ori-
gin of the branches to the triceps and proximal to the
posterior cutancous branch. Two plausible causes for
prolonged radial nerve DML have been postulated:
direct compression by the hypertrophied triceps mus-
cle and stretch of the arm. Physical exercise causes
hypertrophy in the muscles involved. In this study the
perimeters of the arm and forearm were principally
influenced by muscle hypertrophy. A very marked
hypertrophy was measured in both the dominant and
non-dominant arm and forearm of the ice hockey play-
ers. According (o the authors. the muscular hypertro-
phy of the triceps produced an extrinsic mass effect on
the underlying radial nerve. It is clear that ice hockey
helps to develop more muscle mass. One of the most
critical muscles used in ice hockey is the triceps brachii.
A proper training program will balance exercising of

74}



COLAK

the biceps and the triceps. These areas should be
worked equally. Hockey players do not realize that
when they are on the ice, they use their triceps much
more than the biceps. Although one of the most used
muscles is the biceps brachii. ice hockey players use
their triceps much more than the biceps. Any ume a
player straightens his arm the triceps are working.
When a forward powers around a defenseman with
one hand on his stick and the other arm to separate
him from the opposing player, the triceps are being
exhausted. The triceps also work during take-outs in
front of the net and along the wall, holding the oppo-
nent off with one arm while carrying the puck .20 As a
full collision sport, ice hockey requires muscular
overexertion for efficient movement. In the authors’
opinion, repetitive motion and overload of the triceps
muscle are the major etiological factors in prolonged
radial nerve DML.. Because of forceful repetitive move-
ments and muscular overexertion, the radial nerve is
compressed by the overlying lateral head of triceps.
Prolongation may also be caused by compression by
a fibrous arch related to the triceps. It is possible that
prolonged DML may result from repetitive shoulder
activity, leading to nerve ischemia. On the other hand,
a traction force may be placed on the axillary nerve
when stretching the arm. The possible mechanism for
these injuries appears to be stretching of the arm dur-
ing extreme muscular effort. The sudden and force-
ful extension of the elbow and shoulder movements
may provide traction sufficient to compromise the
radial nerve as it traverses in the triceps muscle or spi-
ral groove.

It is helpful for the clinician to be familiar with the
demands of a given sport to better understand the con-
nection between various training practises and overload
to specific musculoskeletal structures.!! According to
the results of the present study, it is likely that a com-
bination of skeletal muscle hypertrophy and exces-
sive biomechanical demands on the neurological struc-
tures during ice hockey may be the main etiologic fac-
tor in the compression of axillary and radial nerves.

Conclusions

To our knowledge. these data represent the first eval-
uation of motor nerve conduction latency of the axil-
lary, radial and musculocutaneous nerves in ice hock-
ey players. In the present study, many of the asymp-
tomatic ice hockey players with slowing nerve con-

NERVE CONDUCTION IN ELITE ICE HOCKEY PLAYERS

duction tests may represent a presymptomatic or
asymptomatic neuropathy similar to subclinical entrap-
ment neuropathy. We can speculate about the reasons
for prolonged DMLs. Hockey players are subjected
to high-velocity impacts with players, pucks. sticks
and the unforgiving ice surface and boards.! On the oth-
er hand, the hockey equipment is probably not suffi-
ciently effective for the physical demands of the game.
If the physiological stresses inherent in the game of ice
hockey have been correctly understood, the authors
can modify equipments scientifically.

References

1. Agel 1. Dompier TP, Dick R, Marshall SW. Descriptive epidemio-
logy of collegiate men’s ice hockey injuries: National Collegiate
Athletic Association Injury Surveillance System. 1988-1989 through
2003-2004. ] Athl Train 2007:42:241-8,

. Perlmutter GS. Leffert RD, Zarins B. Direct injury to the axillary
nerve in athletes playing contact sports. Am J Sports Med 1997.25:
65-8.

3. Wennberg RA, Cohen HB, Walker SR . Neurologic injuries in hockey.

Neurol Clin 2008:26:243-55.

4. Toth C, Peripheral nerve injuries attributable to sport and recreation
Neurol Clin 2008:26:89-113.

5. MacDonald PB, Strange G, Hodgkinson R, Dyck M. Injuries to the
peroneal nerve in Professional hockey. Clin J Sport Med 2002:12
39-40.

6. Watson BV, Algahtan H, Broome RJ. Brown JD. An unusual presen-
tation of tarsal tunnel syndrome caused by an inflatable ice hockey ska-

=)

7. Toy BJ. Conservative treatment of bilateral sural nevre entrapment in
an ice hockey player. J Athl Train 1996;31:68-70.

8. Feinberg JH. Nadler SF, Krivickas LS. Peripheral nerve injuries in the
athlete. Sports Med 1997:24:385-408

9. Koffler KM. Kelly JD. Neurovascular trauma in athletes. Orthop Clin
North Am 2002:33:523-34

161, Toth C, McNeil S, Feasby T. Peripheral nervous system injuries in sport
and recreation. Sports Med 2005:35:717-38.

1. Anderson §J. Current problems in pediatric and adolescent health
care, Sport injuries 2(0)5:35:110-64.

12, Colak T, Bamag B, Génener A, Ozbek A, Budak F. Comparison of nei
ve conduction velocities of lower extremities between runners and
controls. J Sci Med Sport 2005;8:403-10.

13. Novacheck TF. The biomechanics of running. Gait Posture 1998,7:
77-95.

14, Duralde XA Neurologic injuries in the athlete's shoulder. J Athl Train
2000:35:316-28.

15. Preston DC. Shapiro BE. Electromyography and neuromuscular disor-
ders. Clinical-Electrophysiologic correlations. 2nd ed. New York.,
NY: Elsevier: 1998,

16. Perlmutter GS. Axillary nerve injuries. Clin Orthop Relar Res
1999:368:28-36.

17, Cahill BR, Palmer RE. Quarilateral space syndrome. ) Hand Surg
1983:8:65-9.

I8, Perlmutter GS, Apruzzese W. Axillary nerve injuries in contact sports.
Sports Med 1998:26:351-61,

19, Bracko MR. Biomechunics powers ice hockey performance [Intermet]
[accessed 2008 January 25: cited 2009 May 15]. Available at;
hitpe/Awww hockeyinstiute org.

230 THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS June 2004



NERVE CONDUCTION IN ELITE ICE HOCKEY PLAYERS

20,

1o

Vol 49 - No, 2

Mastaghia FL. Musculocutaneous neuropathy after strenuous physi-
cal acuvity, Med J Aust 1986:145:153-4

. Pecina M. Bojanic . Musculocutaneous nevre entrapment in the upper

arm. Int Orthop 1993;17:232-4.
Sander WH. Quinto CM. Elinzano H, Chokroverty S. Carpet carrier’s
palsy: Musculocutaneous neuropathy. Neurology 1997:48: 1731-2,

. Simonetti 8. Musculocutaneous nerve lesion after strenuous physical

activity. Muscle Nerve 1999:22:647-9,
Braddom RL, Wolfe C. Musculocutaneous nerve mjury afler heavy
exercise. Arch Phys Med Rehabil 1978:59:290.

. Cavalerti G. Marmiroli P, Alberti G, Michielon G. Tredici G. Sport

related peripheral nerve injuries: part 1. Sport Sci Health 2005:1:
55-60.

26, Ciardelli J. Hockey Conditioning with Joe Ciardelli. The Science of

Training [Internet]. [accessed 2008 September 25; cited 2009 May 15].
Available at: www.mnhockeycamps.com.

. Snell RS. Clinical anatomy for medical students. Sth ed. Boston, MA:

Little, Brown and Company: 1995,

. Smson G, Zager E, Kline D. Windmill pitcher's radial neuropathy.

Neurosurgery 1994:34:1087-9.
Woltman HW, Kemohan JW, Goldstein NP. Discases of peripheral nei-

36.
3%

38.

THEJOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

COLAK

ves. In: Clinical Nearology. In: Baker AB . editors. London: Hoeber
Harper; 1965, p. 1816-45.

. Lotem M. Fried A, Levy M. Solzi P, Najenson T. Nathan H. Radial pal-

sy following muscular effort. J Bone Joint Surg Br 1971:53B:500-6.

. Mitsunaga MM, Nakano K. High radial nerve palsy following stre

nuous muscular activity: A case report. Clin Orthop Relat Res
1988:234:39-42.

. Ng ABY. Borhan J, Ashton HR. Misra AN, Redlern DRM. Radial

nerve palsy in an elite bodybuilder. Br J Sports Med 2003:37:185-6.
Prochaska V. Crosby LA, Murphy RP. High radial nerve palsy in atenis
player. Orthop Rev 1993:22:90-2,

Manske PR. Compression of the radial nerve by the triceps muscle:
a case report. J Bone Joint Surg Am 1977:59:835-6,

35, Nukada H, Taylor PK, August SD, Isolated triceps weakness in exercise-

induced radial neuropathy. J Sports Med Phy Fitness 1996:36: 287-90,
Richter HJ, Berbig R, Segantini P. Bilateral radial nevre compression syn-
drome in an elite swimmer, Am J Sports Med 2002:30:614-7,

Streib E. Upper arm radial nerve palsy after muscular effort: report of
three cases, Neurology 1992:42:1632-4.

Nakamichi K, Tachibana 8. Radial nerve entrapment by the lateral head
of the triceps. J Hand Surg (Am) 1991:16:748-5().




