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ABSTRACT

Background. The increasingly popular sport
of rock climbing is an activity which predis-
poses participants to overuse injuries. The
unique physical demands associated with
climbing, as well as a reported 33%-51% inci-
dence of shoulder injuries in these athletes is
suggestive of abnormalities in scapulohumeral
biomechanics.

Objective. To examine the glenohumeral to
scapulothoracic (GH:ST) ratio, as represented
by end range static positions (ERSP) of the
scapula and humerus, in a group of rock
climbers and compare it to a group of non-
climbers.

Methods. The GH:ST ratio of twenty-one
experienced rock climbers was compared with
40 non-climbers using a bubble inclinometer
to measure scapular upward rotation at the
subjects’ maximum glenohumeral elevation.

Results. As represented by ERSP, rock
climbers had a significantly greater GH:ST
ratio than non-climbers. The mean ratio of
climbers was 3.7:1 compared with non-
climbers at 2.8:1. Scapulothoracic motion
appeared to be the source of this difference.
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Discussion and Conclusion. A possible
explanation for this difference could be related
to the extreme and prolonged positioning asso-
ciated with rock climbing maneuvers that
result in shoulder musculature imbalances in
strength and flexibility.
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INTRODUCTION

Due to a lack of stability with respect to bony
articulations, the shoulder complex is highly dependent
upon soft tissue relationships to maintain joint congruen-
cy.1 The interactions of these muscular, ligamentous, and
capsular structures lead to coordinated movements
between the glenohumeral (GH) and scapulothoracic
(ST) articulations, known as scapulohumeral rhythm.’
While, this value varies greatly throughout the literature,
normal scapulohumeral rhythm is approximately 2:1
overall,’ with the scapula elevating 1 degree for every 2
degrees of corresponding humeral movement. Significant
deviations from standard ratios, often referred to as abnor-
mal scapulohumeral rhythm, are frequently cited as a
predisposition to shoulder impingement and injuries.**

A possible etiology of abnormal scapulohumeral rhythm
is the presence of imbalances in shoulder girdle muscula-
ture strength and length.* For efficient upward rotation of
the scapula, the serratus anterior and lower trapezius
must be strong and at their optimum length-tension rela-
tionship. Also, the pectoralis minor must be sufficiently
flexible otherwise passive insufficiency may occur,
restricting full upward rotation of the scapula.” When con-
sidering how these biomechanical interactions allow
normal movement of the shoulder complex, it is possible
to envision how impairments affecting any part of this
system may result in pathology.

Sports involving sustained overhead and end range
movements and extreme positioning, such as rock
climbing, place intense demands on the soft tissues sur-
rounding the glenohumeral joint. These circumstances
have the potential to result in imbalances in muscle per-
formance and soft tissue length and is a primary reason
shoulder injuries are common among rock climbers.
Rooks® reported a 33% incidence of rotator cuff tendonitis
or impingement in a group of recreational rock climbers.

This high incidence of shoulder problems is important to
clinicians because rock climbing is no longer a fringe
sport. Over the past two decades its popularity has
increased dramatically. During this time, the number of
indoor rock climbing gyms has exploded and equipment
technology has advanced, allowing the activity to be
accessible to almost anyone. Rooks® proclaimed rock
climbing to be “one of the most rapidly growing sports in
the world.” Sheel” estimated there to be approximately
300,000 rock climbers in the U.S. Additionally, the
Outdoor Industry Association reports more than 3.4 mil-

lion young people between the ages of 16-24 tried indoor
rock climbing in 2004.°

With the continued increase in the number of rock
climbers, physical therapists are more likely to provide
treatment to these athletes, especially considering the
frequency of overuse injuries. Wright et al’ estimates that
75-90% of climbers can be expected to develop an upper
extremity overuse injury, alluding to the fact that
climbers may have an abnormal scapulohumeral ratio.
The effect that the unique demands associated with this
sport may have upon the soft tissues of the shoulder com-
plex provide rationale for the hypothesis that frequent
climbers may be predisposed to irregular scapulothoracic
mechanics.

Despite the high incidence of reported shoulder injuries
among rock climbers, the relationship between participa-
tion in this sport and scapular mechanics has not been
investigated. Tt is the opinion of the investigators that
rock climbers possess a significantly different gleno-
humeral:scapulothoracic (GH:ST) ratio in comparison to
those not participating in the sport.

Since this GH:ST ratio is a function of the available
glenohumeral and scapular motion during upper extrem-
ity elevation,® the ranges through which these segments
move to achieve their end range positions may be com-
pared to produce a representation of the GH:ST ratio. For
the purpose of this investigation, the term ERSP (End
Range Static Position) is used to represent the degrees of
active movement in the scapulothoracic or glenohumeral
joints at maximum shoulder elevation. The ERSP meas-
ures of the humerus and scapula are then used to
calculate an ‘“end range” representation of the GH:ST
ratio. Considering these principles, it was the purpose of
this study to analyze and compare GH:ST ratios, as repre-
sented by ERSP's of the scapula and humerus, in climbing
and non-climbing individuals.

METHODS

Subjects

A convenience sample of 21 rock climbers volunteered
for the study at a rock climbing trade show and competi-
tion near Phoenix, Arizona. The group included 17 males
and 4 females, with a mean age of 25.8 years (SD= 6.8)
and a mean of 8.4 (SD="7.2) years of rock-climbing expe-
rience. Forty non-climbing (11 male, 29 female, mean
age= 25.7 years old, SD= 4.7 years) physical therapy
students at Northern Arizona University served as the
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comparison group. Exclusion criteria for the non-climbers
included a history of shoulder macro-trauma and rock
climbing experience of greater than 1 year. Approval for
the study was obtained from the Institutional Review
Board at Northern Arizona University. All subjects were
informed of the nature and details of the study and signed
an informed consent form before participation. A power
analysis confirmed that the sample was appropriate for
detecting differences and minimizing statistical error.

Equipment

A Baseline® bubble inclinometer was used to assess ERSP
associated with scapular upward rotation and gleno-
humeral elevation. This fluid filled instrument was  cal-
ibrated on the basis of its position in space against gravi-
ty. This approach allows for fixation of the starting  posi-
tion of the inclinometer and minimizes the placement
error.” The use of such measurement devices is well
described in the literature. Similar fluid filled inclinome-
ters have been shown to have “acceptable” intra-rater
reliability in measuring glenohumeral joint motion.""
Johnson et al* established “good to excellent” intra-rater
reliability (ICC = 0.89 - 0.96; 95% CI) using an incli-
nometer with a digital readout to measure scapular
upward rotation.

The measurement protocol utilized in this study was
based on the method of assessing scapular upward
rotation described by Johnson et al.” To measure gleno-
humeral elevation, a vertical guide pole was secured to a
plinth. Standing position for subjects was standardized by
lines marked on the floor.
This position was estab-
lished so that when the
subject elevated his or her
arm, their arm would be
raised in the scapular
plane (40 degrees anterior
to the frontal plane) while
maintaining contact with
the guide pole. Subjects
were instructed to keep
their elbow straight and
thumb pointing upward
during elevation. The bub-
ble inclinometer was
aligned over the mid-shaft
of the humerus while the
subject elevated their arm

Figure 1. Measuring scapular upward rotation with the Baseline®
as far as possible. At end pubble inclinometer

range, maximum glenohumeral motion was recorded.
Motion in the right upper extremity of all subjects was
measured regardless of hand dominance.

Subjects then rested while the root of the right scapular
spine was identified and marked in preparation for meas-
uring upward rotation of the scapula. The left edge of the
bubble inclinometer was placed on this mark and anoth-
er mark was placed where the right edge of the
inclinometer rested on the scapula (Figure 1). These
marks ensured that the bubble inclinometer rested on the
same location on the scapula in repeated measures. The
subject then returned to their maximum GH elevation
and the angle of upward rotation of the scapula, as meas-
ured by the inclinometer, was recorded. The investigator
recorded both measures three times for each subject.
These measurements were performed in both the
climber group and the comparison group of non-climbers.

Prior to data collection, the investigators assessed
measurement consistency of the bubble inclinometer
using the procedures just described. Intratester reliabili-
ty for the measurement of glenohumeral elevation and
scapular upward rotation was examined using a test-retest
design on 40 subjects. The intraclass correlation coeffi-
cient (ICC-2,1) was 0.88 for glenohumeral elevation and
0.89 for scapular upward rotation."”

Data Analysis

Mean scores derived from the three range of motion
measurements at maximum glenohumeral elevation and
scapular upward rotation were used for calculation of the
end range GH:ST ratio. An
independent, two-tailed
t-test was used to compare
the ratios, maximum gleno-
humeral range of motion,
and maximum scapular
upward rotation of the rock
climbers and the non-
climbing population. Using
a Boneferroni correction
due to the use of three sep-
arate tests, significance was
setatp < .017.

RESULTS

As presented in Table 1, the
end range GH:ST ratio of
the rock climber group
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Table. Glenohumeral motion, scapulothoracic motion, and GH:ST ratio of climbers and non-climbers

Rock climbers (n=21)  Non-Rock climbers (n=40)

GH:ST ratio mean (SD) 3.7:1 (1.0)* 2.8:1 (0.62)*
GH max mean (SD) 160.0 (8.7) 154.4 (9.2)
Scapular upward rotation mean (SD) 35.3 (7.5)* 41.1 (6.7)*

*denotes significant differences

(3.7:1; SD= 1.0) was greater than that of the non-climber
comparison group (2.8:1; SD= 0.62). Also, rock climbers
demonstrated greater glenohumeral range of motion
(160.0 degrees; SD= 8.7) in comparison to non-rock
climbers (154.4 degrees; SD= 9.2), while demonstrating
less scapular upward rotation (35.3 degrees; SD=7.5) than
non-climbers (41.1 degrees; SD=6.7). The end range
GH:ST ratio (t = 4.7, p < 0.017) and scapular upward
rotation values (t = 3.8, p < 0.017) were found to be sig-
nificantly different via a two tailed, independent t-test.
The maximum glenohumeral range of motion was not
found to be significantly different between rock climbers
and the non-climbing population (t = 2.2, p>0.017).

The means for glenohumeral range appear to be lower
than expected norms, due to the manner in which the
inclinometer records motion. Prior to measurement, the
instrument is set at zero with the subject’s arm at his or
her side.® In this position, the humerus is situated
approximately 10 - 20 degrees away from the vertical axis.
Therefore, the end range measures in these subjects are
reflective of movement of the humerus through the avail-
able range rather than its resulting angle from the vertical
as is the case in traditional goniometry. Considering this
measurement technique, it is concluded that these sub-
jects were within normative values for humeral elevation.

DISCUSSION

The group of rock climbers participating in this study
were found to have a higher end range GH:ST ratio than
the studied control population. A higher end range ratio
may result from decreased upward rotation of the scapu-
la, excess humeral elevation, or a combination of both
events during overhead movements. In this group of
climbers, the data demonstrate the greatest differences
with respect to scapular upward rotation, with the
climbers having significantly less mobility in this plane.
One etiology of decreased upward scapular rotation is the
presence of imbalances in shoulder girdle musculature
strength and length.® For efficient upward rotation of the

scapula, the serratus anterior and lower trapezius must be
strong and at their optimum length-tension relationship.
Also, pectoralis minor must be sufficiently flexible other-
wise passive insufficiency may occur, restricting full
upward scapular movement.®

The authors offer the following hypotheses for altered
scapular mechanics in the climber group. Decreased
upward rotation of the scapula in rock climbers may
occur due to muscle imbalances in strength and flexibili-
ty secondary to the intense tissue stresses associated with
frequent participation in this sport. As stated by Rooks,*
rock climbers are “chronically gripping and pulling
without stretching the tight muscles or exercising the
antagonist muscles” which often leads to overdevelop-
ment and contractures of the pectoral muscles. Tightness
in these muscles may inhibit the scapular upward rotators
from fully rotating the scapula. Furthermore, strength is
developed in a position of scapular protraction (Figure 2),
where the pectoral muscles are in a shortened position.
This scenario enhances the potential for adaptive short-
ening of the pectoralis minor, which as previously
discussed may result in abnormal scapulohumeral
rthythm by not allowing full upward rotation of the
scapula.” Borstad and Ludewig® confirmed this idea by
demonstrating that shortening of the pectoralis minor
leads to increased downward rotation of the scapula and,
therefore, impingement.

The roles of the lower trapezius and serratus anterior
muscles during rock climbing are also worthy of discus-
sion. While these muscles may be active during rock
climbing maneuvers, the extent to which the muscles are
trained is likely within limited ranges and static positions.
Bourdin et al”® demonstrated that under highly challeng-
ing circumstances, climbers tended to increase the
velocity of upper extremity movements and decrease the
“free motion” portion of reaching maneuvers. Therefore,
movements through a range were minimized in an
attempt to re-establish stability, supporting the idea that
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the majority of upper limb muscle
activity during climbing occurs in
static fashion.

Because impairment of the lower
trapezius is common in many
overhead athletes,'"” it is logical to
suspect that rock climbers may
have a similar problem.
Intuitively, it might seem that
having one’s arms positioned over-
head for prolonged periods of time
would increase strength in the
lower trapezius. However, climbers
typically support their body
weight through the limbs, using
the bony articulations and liga-
ments of the upper extremity in
order to rest the muscles (Figure 3).
In this resting position, the passive
restraints of the upper extremity are supporting the rock
climber, rather than the contractile tissues. Thus when
active, the lower trapezius functions primarily in an iso-
metric fashion, rather than as contractile tissue which
facilitates coordinated scapular movement. This concept
is supported by Watts” stating that “rock climbing is char-
acterized by repeated bouts of isometric contractions.”

£

The constant need for postural stability and associated
isometric muscle demands also suggest that the serratus
anterior is not trained in a manner which facilitates
upward rotation. During climbing
maneuvers, the emphasis appears
to be on shoulder protraction
rather than elevation. Therefore,
the degree to which the serratus
anterior actively functions as a
scapular upward rotator during
this activity is questionable. It
may be argued that the recruit-
ment of serratus motor units and,
thus, the training effect in
climbers may occur in a manner
which overemphasizes protrac-
tion and minimizes facilitation of
upward scapular rotation.
Therefore, with respect to both of
the lower trapezius and serratus
anterior muscles, the lack of
dynamic contractions elicited
may lead one to conclude that

o by

.
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Figure 2. Rock climber in sustained protraction
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Figure 3. Rock climber using passive restraints of
upper extremity to support body weight

when strengthening and motor
learning do occur, it is specific to
static and isometric positions
rather than throughout the avail-
able range of motion. *

If valid, these hypotheses support
the argument for relative weak-
ness and inefficient function of
scapular rotators in these individu-
als. This occurrence, combined
with overtraining of anterior
groups may result in inefficient
force coupling during humeral ele-
vation.” The resulting imbalances
and decrease in upward scapular
rotation have the potential to
further increase the risk for
impingement syndrome in fre-
quent rock climbers who, as a
group, already demonstrate a high incidence of shoulder
injuries.® Additional research is necessary, however, to
substantiate these conclusions and identify actual mech-
anisms of altered scapular mechanics in rock climbers.

The potential for altered scapular mechanics and shoul-
der injury in rock climbers is relevant to clinicians due to
the nature and increasing popularity of the sport.*® Over
the past two decades, indoor rock climbing gyms have
proliferated and equipment technology has advanced,
allowing the activity to be accessible to almost anyone.
Sheel” estimated there to be
approximately 300,000 rock
climbers in the U.S. Furthermore,
many of these individuals increase
their risk for injury by overtrain-
ing. While strenuous workouts
require as much as 48 hours of
recovery,® rock climbers frequent-
ly travel for the sole purpose of
climbing during which they
engage in high intensity activity
for multiple days to weeks at a
time. Indoor climbing gyms also
promote overtraining by allowing
climbers to conveniently partici-
pate in their sport and permitting
multiple bouts of climbing in short
periods of time. These types of
extended activities may overfa-
tigue rotator cuff and scapular

e
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musculature, inhibit their actions during sustained,
overhead maneuvers and be further reason these athletes
are susceptible to impingement syndromes.

Limitations

The homogeneity and size of the samples is a limitation
to the study. The non-climbing group consisted of
healthy, young adults of mixed sex, while the majority of
the rock climbing population were male, young adults.
The non-climbing group also demonstrated a higher ratio
(2.8:1) than what is considered “normal” (2:1).

Other limitations concern the measurement approach
and consideration that the study only addressed the
upward rotation aspect of scapular motion. Since scapular
motion occurs in three planes, it would be useful to exam-
ine motion within the two planes not addressed in this
study.

CONCLUSIONS

This investigation suggests that the sample of rock
climbers had a significantly higher GH:ST ratio as repre-
sented by ERSP than the studied non-climbing popula-
tion. The stresses associated with rock climbing may
have the potential to create such a change. While future
research is necessary to substantiate these ideas, knowl-
edge of such potential differences may be of value to
clinicians who are likely to be involved with the evalua-
tion and treatment of individuals participating in this
sport due to its recent rise in popularity.
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