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activity.

A small percentage of patients will require surgical
treatment. Indicationsfor surgery vary but if the patient has
had symptoms for over one year or has failed conservative
treatment and has sufficient discomfort to cause incapacity
then he is usually considered a candidate. While some
surgeons advocate radical resection of the synovium or
completeexploration of theelbow joint,amoreconservative
approach includes excision of the tear which isidentifiable
in the majority of cases or resection of the area of obvious
degeneration. One group performed all surgery under local
anaesthesia so the site of tenderness could be better local-
ized. Surgery is highly successful for relief of symptoms.
Patients usually resume normal activity within a year of
operation.

Since injury to the common extensor tendon of the
forearm is a cumulative phenomenon, it is important to
identify all factors contributing to the development of the
condition. The medical literature has not previously noted
that the carrying of compressed air tanks associated with
scubadiving activitiesmay predispose patientsto the devel -
opment of both acuteand chroniclateral epicondylitis. This
is not surprising when one considers that the mechanism of
injury (aweightload ontheforearmwithwrist pronationand
dorsiflexion) is the exact mechanism required for tank
handling.

Conclusion

Although a number of factors have been previously
implicated in the formation of lateral epicondylitis, the
carrying of compressed air tanks has not been associated
with this entity. The authors report five cases of latera
epicondylitiswhere periodsof intensivetank carrying either
caused or contributed to the disease. Both research and
recreational divers are at risk for the development of the
condition.
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TANK CARRIER’SLATERAL EPICONDYLITIS:
A BIOMECHANICAL RATIONALE FOR INJURY
AND PREVENTION

Lori L. Barr, Denis Brunt and Larry R. Martin

Introduction

Five cases of latera epicondylitis, in which the
carrying and lifting of compressed air tanksled to injury of
the common tendon affixing the extensor muscles of the
forearm to the lateral epicondyle, have been reported.t The
following experiment was performed to investigate the
biomechanical effects of tank lifting on the forearm and to
determine whether hand position could be altered to reduce
the amount of muscle activity during lifting.

Materials and Methods

Four subjects ranging in ages from twenty-eight to
forty-five years were asked to lift an A180 compressed air
tank filled to capacity (3,000 PSI). Three of the subjects
were healthy volunteers with no arm symptoms (subjects 1
- 3). One subject was symptomatic for chronic lateral
epicondylitisand will bereferred to as Subject S. Subject 1
was152.5cminheight, subject 2167.5cm, subject 3170cm
and subject S 167.5 cm.

Surface electrodes were applied unilaterally to the
skin overlying the common extensor muscle group of the
forearm and the ipsilateral biceps brachii muscle. Each
recording electrode consisted of two silver-silver chloride
one centimetre diameter electrodes embedded in an epoxy-
mounted pre-amplifier system. Theelectromyographic sig-
nal was high passfiltered (40 Hz), further amplified, RMS
processed and low passed filtered (400 Hz). Processed
signals were sampled on-line at a rate of 1000 Hz for one
second.

The experiment was started with the compressed air
tank lying on its side on the floor. Subjects were asked to
begin the experiment with bent knees, without raising the
heels from the floor, and to pull the tank into a neutral
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carrying position next to their side as rapidly as possible
without ajerking motion (Figure 1).

Figure 1. The position for lifting used in this study.

Random sequencing was used to perform sixteen
separate lifting trials using four hand grips. The first grip
(split hold grip) consisted of grasping the tank by the on/off
knob and having the valve neck located between the index
and middlefingers (Figure2). Thesecond grip (singlegrip)
consisted of grasping thetank valve by the on/off knob with
all fingerslocated on the knob side of the valve (Figure 3).
The Tank Handle? (Figure 4) was utilized because of the
doping ding design for the third hold (dling grip). The
Standard Tank Carrier No. TA-10° (Figure 5) was utilized
for the classic baggage-style handle design for the fourth
hold (H grip).

Data analysis consisted of normalization to the split
hold grip RM Sdatawhichwasgiven avalue of one (Figures
6 and 7). The datais described according to percentage
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Figure3. Singlegrip

change in muscle activity (RMS) between the different
groups.

Results

Analysis of the electromyographic activity revealed
abiphasic curve with peak activity of the common extensor
muscle group in early lifting which decreased when the
neutral carrying position was achieved. The peak activity
for the biceps muscle was achieved in the neutral carrying
position after adelayed onset. Withtheuseof thesinglegrip
therewas more activity in both the extensor musclesand the
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Figure 4. Thetank handle

biceps when compared to the split hold. However, both the
extensor muscle group and the biceps demonstrated a dra-
matic decreaseinactivity withtheuseof either thesling tank
carrier or the H style tank carrier.

In normal subjects, use of thesling grip resultedina
45% decrease in extensor muscle group activity and a61%
decrease in biceps activity. With the use of the H grip, the
extensor muscle group activity decreased 33% and the
biceps activity decreased 52%. The H strap was least
effective in the shorter subject who demonstrated only a
10% decrease in the extensor muscle group activity and a
13% decreasein thebiceps. Inthe symptomatic subject, the
dlingstrapwaslesseffectivethantheH strapwithonly a17%
decrease in extensor muscle activity and a65% decreasein
biceps activity.

Discussion

The biomechanical actionsimplicated in the forma-
tion of lateral epicondylitis are the combination of wrist
pronation with dorsiflexion. In this position, the extensor
muscle group functions as a forearm flexor. The most
extreme example of this motion is seen in mgjor league
baseball pitchers as documented by slow motion photogra-
phy of the pitch.* Decreased degrees of pronation and wrist
dorsiflexion arecombined in avariety of sportsand occupa-
tional activities® It iswell-documented that tennis players
who are not properly conditioned and abuse their arm are
more likely to develop lateral epicondylitis than those who
are pre-conditioned.t

It isthe combination of unconditioned forearmsand
over use during divetripsthat predi sposes both recreational
and research diversto the formation of lateral epicondylitis.
Our experiment demonstratesthat wrist dorsiflexionis nec-
essary in order for the average person to carry an A180 tank
by their side. Shorter subjects may require elbow flexion to
keep the bottom of the tank off the ground (Figure 8).
Depending on the tank hold used, thereisavariable amount
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Figure5. Standard Tank Carrier

of pronation required for tank lifting.

We have shown that both the common extensor
muscle group and the biceps muscle group demonstrate
decreased activity when carrier straps are utilized for tank
handling because of less pronation. The exact reason why
the dling strap was dlightly more effective at decreasing
muscle activity than the H style strap isuncertain. Perhaps
the strap slope allowsfor better distribution of theweight to
all of the muscle groups of the forearm.

Physiciansinvolvedin scubadiving activities, either
as a consultant or as adiver should be aware of the risk of
cumulative epicondylar injury which may be caused by
improper tank handling.t A pre-dive training program
involving both isometric and weight-bearing exercise com-
bined with the active use of tank carrier straps during dive
excursions may decrease the risk of injury.®

Conclusion

We have demonstrated abiomechanical rationaefor
the formation of lateral epicondylitis with the carrying of
compressed air tanks. Lifting the tank requires both wrist
dorsiflexion and pronation of varying degrees dependent on
subject height and the grip used. These are the mechanisms
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Figure 7. Effect of varioustank grips on percentage change in muscle activity (RMS) for the common extensor
muscle group of the forearm (split grip activity normalised to one).

SPLIT HOLD
SINGLE GRIP
SLING GRIP

HGRIP

“

GRIP TO SPLIT HOLD RATIO (RMS)

127
7
7

%

7

7
-z
7
47

Z

7

/

/

/
7

SUBJECTS

Figure 6. Effect of various tank grips on percentage change in muscle activity (RMS) for the biceps brachii muscle
(split grip activity normalised to one).
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Figure 8. showing typical tank carrying posture.
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which predispose humans to the formation of lateral epi-
condylitis. The use of tank carrier straps decreases the
amount of activity of the forearm extensors and the arm
flexors because less pronation is required. We recommend
that dive physiciansrecognize tank carrying as apredispos-
ing factor toward the formation of lateral epicondylitis.
Active encouragement of patients to precondition the arm
prior todiveexcursionsandtheuseof tank carrier strapsmay
decrease long term disability.
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