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Context: Few researchers have examined shoulder strength
in adolescent volleyball athletes despite increasing levels of
participation in this age group.

Objective: To compare medial and lateral isokinetic peak
torque of the rotator cuff among skill levels and between
athletes with and without a history of shoulder injury.

Design: Cross-sectional design.
Setting: The Human Performance Lab and Athletic Training

Lab.
Patients or Other Participants: Thirty-eight female adoles-

cent club volleyball athletes from 10 to 15 years of age (mean 5
13.02 6 1.60 years).

Main Outcome Measure(s): We measured concentric and
eccentric peak torque of the medial and lateral rotators of the
shoulder and calculated resultant cocking and spiking ratios
based on peak torque values.

Results: Athletes at higher skill levels had higher peak
torque measurements in concentric and eccentric medial and
lateral rotation compared with the athletes at lower skill levels.

No differences in peak torque existed between participants with
or without an injury history 6 months before the study. Strength
ratios did not differ across skill levels, but previously injured
participants produced lower eccentric medial rotation to
concentric lateral rotation ratios compared with participants
without a history of injury (P 5 .02). At the highest skill level,
previously injured participants produced lower eccentric lateral
rotation to concentric medial rotation ratios compared with
participants without an injury history (P 5 .04).

Conclusions: Differences in medial and lateral shoulder
rotator strength ratios appear to be related more to injury
prevalence than to absolute strength. Shoulder dysfunction
related to strength ratio deficits also may exist in adolescent
female volleyball athletes. Preventive shoulder strengthening
programs focused on improving eccentric strength and correct-
ing imbalances between medial and lateral rotators may be
warranted for all female adolescent volleyball athletes.

Key Words: shoulder strength, strength ratios, glenohumeral
joint, medial-lateral shoulder rotation

Key Points

N Rotator cuff strength was not predictive of injury history in our participants.
N We found no differences in strength ratios among skill levels.
N Participants with previous glenohumeral injuries had lower cocking ratios and nearly significant lower spiking ratios when

compared with participants without a history of injury, indicating insufficient eccentric strength among those in the former group.
N Rotator cuff strengthening, especially to improve eccentric function of the medial and lateral rotators, is indicated for injury

prevention in early adolescent female volleyball players.

A
mong the most common injuries affecting volley-
ball athletes, glenohumeral joint injuries often
contribute to long delays in return to training or

competition.1–6 These injuries are often associated with
frequent spiking and serving motions that require dynamic
stabilization to maintain glenohumeral joint integrity.1,2,4–6

Musculoskeletal development of adolescent athletes is
incomplete, so muscular imbalances may be present.
Limitations in dynamic stabilization because of muscular
imbalances may increase the likelihood of injury to the
glenohumeral joint of adolescent club volleyball players.
Unfortunately, research on the relationship between
strength characteristics and glenohumeral joint injury in
adolescent athletes is limited.7–9

Stability of the glenohumeral joint during the accelera-
tion, deceleration, and follow-through phases of striking is
provided by the rotator cuff muscles acting eccentrically to
compress the humeral head.10 Active and passive mecha-
nisms maintain dynamic stabilization and compression of
the humeral head in the glenoid fossa during spiking and

serving. As the upper extremity accelerates through its
range of motion, the supraspinatus, infraspinatus, and
teres minor muscles eccentrically resist translation of the
humeral head and assist in deceleration of the moving
limb.10–14 Consequently, rotator cuff weakness allows
increased stress to be placed on the passive stabilizers of
the shoulder, leading to detrimental translation of the
humeral head. Conversely, laxity in the passive stabilizers
increases the workload of the rotator cuff, leading to
fatigue and malfunction of the dynamic stabilizers.15

Authors of previous studies16–19 have demonstrated the
relationship between rotator cuff injuries and strength
deficits in the glenohumeral and scapular muscles of
injured participants; however, these studies17–19 primarily
involved nonathletic adult participants.

Preventing shoulder injuries in adolescent populations
through appropriate maintenance of rotator cuff strength
is of particular concern because of musculoskeletal
immaturity. The added demands of sport participation
can lead to acute or overuse injuries in developing
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tissues14,20–22 and to long-term or permanent disability of
the affected structures.20 In previous isokinetic studies
involving volleyball athletes, investigators did not examine
differences in rotator cuff strength between injured and
uninjured shoulders in early adolescents.9,23–26 Therefore,
the purpose of our retrospective study was to compare
medial and lateral isokinetic peak torque of the rotator cuff
among skill levels and between adolescent club volleyball
athletes with and without a history of shoulder injury.

METHODS

Participants

Participants were 38 highly trained, competitive, female
club volleyball players ranging from 10 to 15 years of age
(age 5 13.0 6 1.6 years). They completed a medical history
questionnaire detailing injury history, pain, time lost
because of glenohumeral joint injury, and pain in the
striking arm within 6 months of study participation. No
participant reported glenohumeral injury or shoulder pain
at the time of testing, nor did anyone report experience
with isokinetic testing. The coaching staff grouped
participants on teams by skill level. Team age designations
(12 years of age and under [U12], 13 years of age and under
[U13], 14 years of age and under [U14], and 15 years of age
and under [U15] teams) represented the maximum age
allowed for team members, although younger, more skilled
participants were eligible to compete on a higher age-limit
team. Participant characteristics and groupings by skill
levels are presented in Table 1.

Questionnaire responses were used to divide participants
into groups for initial analysis determined by previous
glenohumeral joint injury (PI), or no history of injury (NI).
Nine participants were placed in the PI group based on
self-reported histories of glenohumeral joint injury that
limited athletic participation (2 from U12, 2 from U14, and
5 from U15). The remaining 29 participants reported no
previous pain or injury to the shoulder of the striking arm
for at least 6 months before testing. Parents and

participants provided informed consent, and the study
was approved by the University of Hawai‘i Committee on
Human Studies.

Procedures

All data were collected by the same Board-certified
athletic trainer. All anthropometric and isokinetic peak
torque data were collected during a single test session.
Anthropometric measures included height, mass, body
composition, and length of the striking arm. The striking
arm was defined as the shoulder that the participant
normally used for hitting or serving the volleyball. The
athletic trainer estimated body composition via calf and
triceps skinfolds using Lange skinfold calipers (Cambridge
Scientific Industries Inc, Cambridge, MD).27

Using a Biodex System 3 dynamometer (Biodex
Medical Systems Inc, Shirley, NY), the athletic trainer
collected isokinetic medial and lateral shoulder rotation
peak torque data in Newton ? meters for the striking arm.
Researchers have shown that this dynamometer is reliable
in measuring glenohumeral medial and lateral rotation
concentrically and eccentrically in neutral to slightly
abducted positions.28,29 Using the Biodex system, Malerba
et al30 reported that intraclass correlation coefficients (2,1)
for medial and lateral rotation peak torque at 606?s21 in
the scapular plane (456 abduction and 306 horizontal
flexion) ranged from 0.82 to 0.86 and from 0.70 to 0.76,
respectively, for concentric activity and from 0.70 to 0.90
and from 0.44 to 0.68, respectively, for eccentric activity.
Although the testing position was not described, Toy and
Rankin31 reported higher intraclass correlation coeffi-
cients when they used a Biodex system at a similar speed
to measure glenohumeral medial and lateral rotation peak
torque for both concentric (0.97, both) and eccentric (0.91
and 0.88–0.94, respectively) activity. Additionally, Hellwig
and Perrin32 reported intraclass correlation coefficients of
0.80 for eccentric medial rotation (Eccmr) and 0.93 for
eccentric lateral rotation (Ecclr) during isokinetic testing at
906 of abduction in the scapular plane using a KinCom

Table 1. Participant Characteristics and Concentric and Eccentric Peak Torque by Skill Level (Mean 6 SD)

Skill Level

U12 U13 U14 U15

(n 5 11) (n 5 7) (n 5 8) (n 5 12)

Age, y 11.1 6 0.7 12.6 6 0.5 14.0 6 0.0 14.4 6 1.2

Height, cm 156.5 6 9.2 163.7 6 10.7 167.5 6 4.8 166.7 6 4.4

Mass, kg 49.7 6 8.7 53.8 6 4.0 58.0 6 11.1 64.2 6 12.0

Total limb length, cm
a

52.2 6 4.4 55.7 6 3.8 56.3 6 2.7 57.0 6 3.4

Body fat, %
b

25.2 6 5.0 26.0 6 2.6 24.5 6 6.5 27.7 6 5.3

Concentric peak torque, Nm

Lateral rotation 11.9 6 3.4 14.0 6 3.1 16.0 6 2.9
c

18.0 6 2.8
c,d

Medial rotation 16.0 6 5.8 20.7 6 3.4 22.5 6 5.5
c

24.8 6 4.2
c

Eccentric peak torque, Nm

Lateral rotation 16.2 6 5.2 18.5 6 6.2 27.0 6 6.9
c

26.2 6 7.4
c

Medial rotation 22.2 6 4.8 28.9 6 4.5 35.5 6 6.9
c

35.2 6 6.5
c

Abbreviations: U12, 12-years-old-and-under team; U13, 13-years-old-and-under team; U14, 14-years-old-and-under team; U15, 15-years-old-and-

under team.
a Total limb length equals the distance from the acromioclavicular joint to the radial styloid process.
b Body fat percentage was determined by 2-site skinfold estimation.
c Higher than the 12-years-old-and-under team (P , .05).
d Higher than the 13-years-old-and-under team (P , .05).
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system. Test-retest reliability was not assessed in our
study.

The Biodex was calibrated after every fifth participant in
our study. Peak torque data were collected at 606?s21 via 2
sets of 5 maximal repetitions of medial and lateral shoulder
rotation; the first set was accomplished concentrically, and
the second set was accomplished eccentrically. Sets were
separated by a 5-minute rest period. Before collection of
peak torque data, participants completed warm-up and
familiarization trials consisting of submaximal efforts and
a single maximal effort in concentric and eccentric modes.
The decision to not use a counterbalanced design created
the possibility of an order effect on peak torque generated
concentrically versus eccentrically. However, we chose this
predetermined order to provide the greatest safety for
participants, most of whom had immature musculoskeletal
development, by allowing them to increase their familiarity
with maximal isokinetic testing before eccentric exposure.
Additionally, we assumed that the limited number of
repetitions performed combined with the 5-minute recov-
ery period was adequate for complete replenishment of
adenosine triphosphate via the adenosine triphosphate-
phosphocreatine system, preventing an influence from the
concentric trial on eccentric peak torque production.

Participants were tested in a seated modified neutral
position of 906 of elbow flexion, 306 of glenohumeral joint
flexion, and 306 of glenohumeral abduction with stabiliza-
tion straps across the hips and upper body. Although
testing in this position limited the ability to compare our
values with those obtained by investigators using the 906 of
glenohumeral abduction position,9,23–26 this position was
chosen to increase the participants’ comfort during the
testing procedure33 because of the age of the participants
and because of the reduced risk of anterior instability
associated with the modified neutral position.34 Partici-
pants were given oral instructions regarding testing
procedures and the importance of providing maximal
effort during testing. To create a consistent testing
environment, no oral or visual feedback or encouragement
was given during the isokinetic testing protocol. All
participants completed all phases of data collection
without pain or discomfort in the shoulder.

Data Analysis

Isokinetic peak torque data were collected for each of the
following measures: concentric medial rotation (Conmr),
concentric lateral rotation (Conlr), Eccmr, and Ecclr. Based
on peak torque values for each measure, the following
functional ratios were derived for each participant in
accordance with previous research: Conlr:Conmr, Ecclr:Eccmr,
Ecclr:Conmr, and Eccmr:Conlr.7,8,24,35–43

All statistical analyses were performed with SAS (version
9.1.3; SAS Inc, Cary, NC) using a 2 (injury history) 3 4 (skill
level) research design. Data were analyzed via many
multivariate analyses of covariance (MANCOVA) to control
for interactions due to limb-length differences among
participants. Initial analysis revealed no effect of the
covariate limb length on any measure. Individual analysis
of variance (ANOVA) and a priori Tukey HSD tests were
used post hoc for each of the strength and ratio measures
across all skill levels. The a level was set at .05. Because of the
disproportionate rate of injury reported in the U15 skill level,

additional analysis comparing PI and NI groups also was
completed using only the data for the U15 skill level.

RESULTS

Strength Measure and Ratio Differences Among
Skill Levels

The ANOVA revealed differences among skill levels for
Conmr, Conlr, Eccmr, and Ecclr. Post hoc Tukey HSD
testing identified that the U15 and U14 teams were higher
in all 4 strength measures compared with the U12 team (P
5 .005 and P 5 .03, respectively). Additionally, Conlr was
higher in the U15 team than in the U13 team (P 5 .04;
Table 1). No differences were found among skill levels for
any of the 4 ratio measures, suggesting that peak torque for
medial and lateral rotation increased at similar rates across
skill levels. Reference values for shoulder strength ratios
for each skill level are presented in Figure 1.

Strength Measure and Ratio Differences Between
Injury History Groups

No differences were found between NI and PI groups for
any of the 4 strength measures (Table 2). Concentric peak
torque values were higher for the PI group than for the NI
group for both lateral and medial rotation (P 5 .10 and P
5 .45, respectively). Eccentric peak torque values were
higher for the NI group than for the PI group for both
lateral and medial rotation (P 5 .37 and P 5 .63,
respectively). However, differences existed between groups
in the Eccmr:Conlr ratio, with PI participants producing
lower Eccmr:Conlr peak torque ratios (1.77 6 0.39)
compared with NI participants (2.16 6 0.44, P 5 .02).
Although not different, the Ecclr:Conmr peak torque ratios
for PI participants (0.92 6 0.29) were lower at a level that
approached significance (P 5 .08, power 5 .575) than these
ratios for NI participants (1.14 6 0.34). The Conlr:Conmr

and Ecclr:Eccmr ratios for PI participants were not different
from these ratios for NI participants (P 5 .79 and P 5 .31,
respectively). Strength ratio data for NI and PI groups
across skill levels are displayed in Figure 2.

Analysis of the U15 team revealed no differences for any
of the 4 strength measures between the NI and PI groups.
However, despite the small size of the sample groups when
analyzing U15 alone (NI 5 7, PI 5 5), differences for both
Eccmr and Ecclr peak torque between NI and PI groups
approached significant levels (P 5 .07 and P 5 .08,
respectively).

Analysis of strength ratio differences between the NI and
PI groups for U15 alone produced similar results to those
found when comparing participants at all skill levels. The
Conlr:Conmr and Ecclr:Eccmr ratios for PI participants were
not different from these ratios for NI participants (P 5 .37
and P 5 .45). Both Eccmr:Conlr and Ecclr:Conmr ratios
were higher in the NI group than in the PI group when
analyzing U15 alone (2.23 6 0.43 versus 1.72 6 0.40 and
1.21 6 0.29 versus 0.88 6 0.11, respectively). Interestingly,
the difference in the Ecclr:Conmr ratio between the NI and
PI groups, which only approached significance in the
analysis including all participants (P 5 .08), was different
when analyzing U15 alone (P 5 .04). Additionally, the
difference in the Eccmr:Conlr ratio between the NI and PI
groups was significant in the analysis including all
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participants (P 5 .02), but, when analyzing U15 alone, this
difference only approached significance (P 5 .07). Figure 3
presents shoulder strength ratios for the NI and PI groups
for U15 alone.

DISCUSSION

Conventional wisdom advocates the development of
rotator cuff strength to prevent or alleviate shoulder
injuries; however, we found that peak torque for both
concentric and eccentric glenohumeral medial and lateral
rotation was not different between the NI and PI groups.
Although peak torque was not different between the NI
and PI groups, it was higher for U14 and U15 participants
than for U12 participants (Table 1). This was expected

based on differences in physical development among skill
levels related to muscle strength and sport-specific skills.
Therefore, raw strength was not predictive of injury history
in our participants. These findings have important clinical
ramifications for identifying individuals at risk for
developing shoulder injuries, because weakness of the
rotator cuff muscles traditionally has been associated with
the development of shoulder injuries.

Additionally, no differences in strength ratios were
found among skill levels. These findings are similar to
those of Ellenbecker and Roetert,7 who reported no
differences in strength ratios of elite junior tennis athletes
based on age. In our study, no differences in Conlr:Conmr

peak torque ratios were found between NI and PI
participants. These ratios previously have been reported
to range from 0.57 to 1.19,* and Ellenbecker and
Davies44 recommended Conlr:Conmr ratios of at least
2:3 to 3:4 (0.66–0.75) for the prevention of shoulder
injuries. Interestingly, NI participants produced a mean
Conlr:Conmr peak torque ratio of 0.75, while PI partici-
pants produced a mean Conlr:Conmr peak torque ratio of
0.79, exceeding the range that Ellenbecker and Davies44

recommended (Figure 2). Additionally, when analyzing
U15 alone, NI participants produced a mean Conlr:Conmr

peak torque ratio of 0.70, while PI participants produced a
mean Conlr:Conmr peak torque ratio of 0.77, also exceeding
the recommended44 range (Figure 3). Therefore, despite
widespread use of Conlr:Conmr ratios for assessing and
comparing shoulder strength profiles, our findings indicat-
ed that this ratio may have limited value for identifying
adolescent girls at risk for shoulder injuries.

Investigators11,35,42 have suggested functional strength
ratios as the most appropriate indicator for shoulder injury
risk. Based on the function of rotator cuff muscles during
serving and spiking motions, we calculated Eccmr:

Figure 1. Shoulder strength ratios by skill level (ratio + SD). Con indicates concentric; Ecc, eccentric; lr, lateral rotation; mr, medial rotation;
U12, 12-years-old-and-under team; U13, 13-years-old-and-under team; U14, 14-years-old-and-under team; U15, 15-years-old-and-under team.

Table 2. Participant Characteristics and Concentric and Eccentric
Peak Torque by Injury History (Mean 6 SD)

Previous Injury No Injury

(n 5 9)
a

(n 5 29)

Age, y 13.6 6 1.7 12.9 6 1.6

Height, cm 160.2 6 6.3 164.2 6 7.6

Mass, kg 58.9 6 9.1 54.9 6 9.4

Total limb length, cm
b

57.3 6 3.0 54.5 6 4.1

Body fat, %
c

25.6 6 5.9 26.0 6 5.0

Concentric peak torque, Nm

Lateral rotation 16.8 6 3.4 14.5 6 3.8

Medial rotation 22.3 6 6.0 20.5 6 6.0

Eccentric peak torque, Nm

Lateral rotation 20.0 6 7.1 22.7 6 8.0

Medial rotation 29.2 6 7.2 30.7 6 8.4

a Of the 9 participants with previous shoulder injuries, 2 were from the 12-

years-old-and-under team; 2, from the 14-years-old-and-under team;

and 5, from the 15-years-old-and-under team.
b Total limb length equals the distance from the acromioclavicular joint to

the radial styloid process.
c Body fat percentage was determined by 2-site skinfold estimation. *References 7–9, 23, 25, 26, 35, 36, 38–45.
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Conlr and Ecclr:Conmr ratios to represent the cocking and
spiking phases, respectively. The PI participants produced
lower Eccmr:Conlr (cocking) ratios (1.77 6 0.39) than the
NI participants (2.16 6 0.44, P 5 .02). They also produced
nearly significantly lower Ecclr:Conmr (spiking) ratios (0.92
6 0.29) when compared with NI participants (1.14 6 0.34,
P 5 .08; Figure 2).

The significant difference in cocking ratio found between
NI and PI groups despite insignificant differences in
absolute strength measures may seem counterintuitive
because ratios are derived directly from absolute strength
measures. However, an examination of the individual
relationships between the NI and PI groups for each of the
4 strength measures provides an explanation (P 5 .10 for
lateral rotation and P 5 .45 for medial rotation). For the 2
concentric measures, peak torque of the PI group was
higher, although not significantly, than that of the NI group.
For the 2 eccentric measures, peak torque of the NI group
was higher, although not significantly, than the PI group (P
5 .37 for lateral rotation and P 5 .63 for medial rotation).

This combination of eccentric and concentric values resulted
in a cocking ratio difference that reached significance despite
the strength measures failing to reach significance.

The relationship between lower cocking ratio and injury
history in our participants may appear difficult to explain
when evaluating the ballistic nature of spiking compared
with the cocking motion, which does not appear to subject
the glenohumeral joint to the same degree of high-velocity
rotational stress. However, the dynamic stability required
to protect the glenohumeral joint from injury is the same
for both motions. Imbalances between medial and lateral
rotators may still allow excess joint translation, even
during the cocking phase. Additionally, strength limita-
tions of medial rotators acting eccentrically during the
cocking phase may allow excess range of motion into
lateral rotation, which is a position generally associated
with increased risk of subacromial impingement of the
supraspinatus and increased apprehension in individuals
who tend to develop glenohumeral instability.46,47

The mean spiking ratios were 1.14 for NI participants
and 0.92 for PI participants, which is a difference
approaching significance (P 5 .08). Investigators11,35,42

have emphasized the importance of an adequate spiking
ratio in maintaining shoulder stability in athletes whose
sports involve repeated overhead motion. The trend
toward significant differences that we observed between
groups in spiking ratio supports the findings of Wang et
al,26 who reported a greater risk of injury in adults with
spiking ratios less than 1.0 combined with decreased
glenohumeral flexibility. Conversely, Wang et al9 reported
spiking ratios less than 1.0 among injured and uninjured
junior volleyball athletes. They concluded that the risk
factors for shoulder injury may be related to muscle
imbalances less often in adolescents than in adults.
However, these authors did not report differences in
spiking ratios between injured and uninjured groups, so
determining whether lower spiking ratios were associated
with injury in their adolescent participants is difficult. Bak
and Magnusson35 reported higher Ecclr:Conmr ratios in
injured than in uninjured swimmers. However, injured
participants in their study were tested while demonstrating
a positive impingement sign and exhibited a decreased
Conmr peak torque with nearly equal Ecclr peak torque
relative to uninjured participants. Therefore, based on the
results of our study and those reported by other authors,
an adequate spiking ratio is clinically important because
athletes with spiking ratios less than 1.0 appear to be at
higher risk for shoulder injury.

Another mechanism may contribute to the relationship
between spiking ratio and injury. During the cocking phase
of spiking and serving motions, the combined action of
Eccmr and Conlr positions the arm into 906 of elbow flexion
and 906 of glenohumeral abduction with maximal lateral
rotation. Placing the shoulder in this position may lead to
suprascapular nerve compression by the supraspinatus and
atrophy of the infraspinatus muscle. Although normally
painless, this injury has been reported in volleyball
athletes.48 However, this condition has generally not been
reported in adolescent athletes48–51 and, therefore, was not
assessed in our participants. It is possible that a deficiency,
due to congenital anatomic differences or early sport
participation, may lead to increased occurrence of this
condition for volleyball athletes with a high training

Figure 3. Shoulder strength ratios by injury history for the 15-
years-old-and-under team (ratio + SD). Con indicates concentric;
Ecc, eccentric; lr, lateral rotation; mr, medial rotation; a, difference
between no injury and previous injury groups (P , .05).

Figure 2. Shoulder strength ratios by injury history across all skill
levels (ratio + SD). Con indicates concentric; Ecc, eccentric; lr,
lateral rotation; mr, medial rotation; a, difference between no injury
and previous injury groups (P , .05).
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volume, resulting in decreased ability of the infraspinatus
to provide eccentric dynamic stabilization during the
acceleration phase of the spiking motion.

The lack of difference in the spiking ratio between groups
(P 5 .08) may be due to the low number of participants who
reported glenohumeral injury in the 6 months before the
study (n 5 9), resulting in relatively low statistical power (b
5 0.575). This suggests that a larger sample size may have
revealed a difference in the spiking ratio between PI and NI
participants. The failure of this difference to rise to
significant levels may also have been due to disproportionate
numbers of PI participants in the highest skill-level group.
Because higher skill-level groups generally produced higher
peak torques compared with lower skill-level groups, the
disproportionate number of PI participants in the U15 team
may have attenuated strength differences between the NI and
PI groups across all levels. It is likely that some PI
participants on the U15 team produced peak torques equal
to, or possibly greater than, those produced by NI
participants on the U12 and U13 teams.

The disproportionate representation of PI participants
from the U15 team led to subsequent analysis of differences
between NI and PI participants in this skill level alone.
Differences between NI and PI groups within U15 were
similar but not identical to those found across skill levels.
Although the cocking ratio was different between the NI and
PI groups across all skill levels (P 5 .02), this ratio only
approached significance for U15 alone (P 5 .07). Converse-
ly, the difference in spiking ratio between NI and PI groups
across all skill levels approached significance (P 5 .08),
while it was significant only for the U15 team (P 5 .04)
despite the small group size. Considering that the U15 team
alone (n 5 12) demonstrated differences in spiking ratios
between the NI and PI groups (P 5 .04) and differences were
found in cocking ratios across all skill levels between the NI
and PI groups (n 5 38, P 5 .02), we believe that these
spiking and cocking ratios represent true differences
between the NI and PI groups in our study. This conclusion
is supported by the finding that U15 PI participants
produced nearly significantly lower eccentric peak torque
in both medial and lateral rotation compared with U15 NI
participants (P 5 .07 and P 5 .08, respectively). Because
eccentric strength is vitally important in maintaining high
functional ratios, lower levels of eccentric strength would
seem the most likely cause for a relationship between low
functional ratios and injury history. Because decreasing
concentric strength would not be a rational means of
increasing cocking or spiking ratios, increasing eccentric
strength should be the focus of protocols aimed at correcting
ratio deficits.

In our study, cocking ratio deficits were greater in the PI
group than in the NI group across all skill levels (P 5 .02)
and among U15 participants alone, spiking ratio deficits
were greater in the PI group than in the NI group (P 5
.04), indicating insufficient eccentric strength among those
reporting a history of glenohumeral injury. Because of the
retrospective design of this study, we could not determine if
the strength ratio deficits led to the development of
shoulder pain or if they resulted from previous shoulder
injury. However, an association between injury status and
functional strength ratios existed for our participants.
Whether strength ratio deficits caused shoulder pain to
develop or resulted from incomplete rehabilitation of

previous injuries, they indicate the need for rotator cuff
strengthening that emphasizes eccentric function among
those with a history of shoulder injury. Based on our
findings, differences in eccentric strength between medial
and lateral rotators of the shoulder appear to relate more
to injury prevalence than absolute strength does. Addi-
tionally, functional measures such as cocking and spiking
ratios, appear more directly related to injury status
compared with the traditionally used Conlr:Conmr ratio
for adolescent female volleyball players.

CONCLUSIONS

The clinical relevance of our study is that rotator cuff
strengthening, especially to improve eccentric function of
medial and lateral rotators, is indicated for injury prevention
in early adolescent girls. Furthermore, because nearly 25% of
our participants reported glenohumeral injury severe enough
to limit sport participation in the 6 months before the study,
we believe that all female volleyball players at this age might
benefit from a shoulder-strengthening program that focuses
on eccentric strength deficits and correcting strength
imbalances between medial and lateral rotators.
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Road, Honolulu, HI 96822. Address e-mail to cstickle@hawaii.edu.

Journal of Athletic Training 577


