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ABSTRACT

Background and Purpose: Restrictions in hip rotational motion of the baseball athlete can alter throwing
mechanics in a manner that is inefficient and increases risk of injury. The purpose of this study was to
assess for differences in hip external rotation (ER) and internal rotation (IR) range of motion (ROM)
between baseball players with an ulnar collateral ligament (UCL) tear and healthy baseball players.

Design: Case-control

Methods: Eighty-seven baseball players with a UCL tear (UCL) were compared with 87 age, experience,
and position-matched healthy baseball players (CONT). UCL were enrolled at the initial visit to the outpa-
tient sports medicine facility while CONT were measured before their baseball season. Passive hip ROM
(ER and IR) of the stance and lead limbs was measured in the prone position using a bubble goniometer.
Hip total range of motion (TRM) was calculated by adding ER and IR of each limb. Independent t-tests were
run to compare mean group differences for hip ROM (p< 0.05).

Results: No differences between groups were discovered for hip ER on the stance (UCL = 33.9°+9.9°,
CONT =34.3"+10.6°, p = 0.8) or lead (UCL = 32.9°+9.9°, CONT = 34.4° +10.0°, p = 0.3) limbs. Simi-
larly, there were no group differences in hip IR on the stance (UCL = 30.6° +10.5°, CONT = 29.6° +9.5°,
p = 0.5) or lead (UCL = 33.5° +17.5°, CONT = 29.5°+9.0°, p = 0.1) limbs. The groups were also similar
in hip TRM on the stance (UCL = 64.5°+13.7°, CONT = 64.0° +17.2°, p = 0.8) and lead (UCL =
66.4°+17.4°, CONT = 63.9°+15.6°, p = 0.3) limbs.

Conclusions: When measured in the prone position, hip passive ROM is not different between baseball
players with a UCL tear compared to a matched healthy cohort.
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INTRODUCTION

The overhead throwing motion is a dynamic activity
that requires interaction of sequential moving parts
of the upper and lower extremity. Integration of the
kinetic chain allows for energy to be created in the
lower limbs and transferred through the core and
spine to the throwing arm.! The hip joint serves as a
critical link between the lower and upper extremities
and helps to position the lead limb at stride foot con-
tact during the throwing motion. Rotational motion
(internal rotation = IR, external rotation = ER) at
the hips during throwing is critical for energy trans-
fer and when analyzed in combination with separa-
tion of rotation of the hips and shoulders has been
shown to increase ball velocity in youth and adoles-
cent pitchers.? Conversely, if hip rotational motion
is restricted in either the stance (limb on same side
of throwing arm) or lead (limb on opposite side of
throwing arm) limb, throwing mechanics could be
altered in a manner that is inefficient and increases
risk of injury.*”

Clinical assessment of hip rotational motion has
been studied in youth,*® college,*® and profes-
sional*'*'® baseball players with varying results.
Youth baseball players demonstrate greater hip IR
and total rotational motion (TRM) in younger (7-11
years) athletes when compared to the older (12-18
years) youth.'”Additionally, healthy youth baseball
pitchers (11.3+1.0 years) have no significant differ-
ences in TRM between sides (stance and lead limbs).°
Decreased hip IR (hip flexed to 90°) of the stance
and lead limbs was found in youth baseball players
(12.0+1.9 years) who had experienced elbow pain
when compared to those who had no elbow pain.” At
the collegiate level, pitchers (20.0+1.4 years) were
found to have no significant hip rotational motion
differences between the stance or stride limbs.'®
College baseball pitchers (19.4+1.4 y/0) who were
measured before the season and then again at the
conclusion of the season were found to have reduc-
tions in the lead and trail (stance) limb hip ER as
well as lead and trail (stance) limb TRM.? Although
these results hint at the fact that adaptive changes at
the hip may occur across the course of a collegiate
baseball season, they were not associated with the
overall pitching workload of these athletes. Finally,
in professional baseball players, hip rotational
motion (IR and ER) is similar at the beginning of the

season;*>'13 however, deficits in rotational motion at
the hip (stance or lead limbs) were found to be cor-
related with faulty pitching biomechanics.'® Specifi-
cally, the loss of hip IR in the stance and lead limbs
is associated with injuries to the hip, groin, abdomi-
nal, hamstring, and back injuries at the professional
level.'®'? The results of the aforementioned studies
suggest that alterations in hip rotational motion may
occur across the developmental stages of baseball
players peaking at the professional level.

The majority of the previous studies examining hip
rotational motion in baseball players have been per-
formed in a healthy population. While these stud-
ies have tried to establish a link between deficits in
or loss of hip rotational motion as a causative fac-
tor for injury to the throwing arm, currently there
is little evidence exploring this relationship within
the literature. Additionally, those studies that have
demonstrated a relationship between hip rotational
motion and injury seem to point toward a loss of hip
IR as the associated factor with injury at both the
youth” and professional level.'*!'? With the dramatic
increase in the number of injuries to the ulnar col-
lateral ligament (UCL) in baseball players across the
age spectrum,'®? there is a heightened awareness of
the need to identify risk factors that may predispose
these individuals to injury. Likewise, the develop-
ment of the breakdown of the UCL may surface at
the professional level, but more than likely origi-
nates with the increased workload that begins to
accumulate during the years of playing youth base-
ball.?*?% Therefore, the purpose of this study was to
assess for differences in hip external rotation (ER)
and internal rotation (IR) range of motion (ROM)
between adolescent baseball players with an ulnar
collateral ligament (UCL) tear and age-, position-
and experience-matched healthy baseball players.

METHODS

Participants

This was a retrospective case-control study; the Insti-
tutional Review Board of Texas Health Resources
approved the research procedures. A total of 174
male competitive high school and collegiate baseball
players volunteered to participate in this study from
2013 to 2015 during a 23-month timeframe. Eighty-
seven baseball players with a UCL tear (UCL group;

The International Journal of Sports Physical Therapy | Volume 14, Number 6 | December 2019 | Page 921




17.7+2.0 y/o, Ht = 183.5+6.7 cm, Wt = 85.1+10.2
kg) were compared with 87 age, experience, and
position-matched healthy baseball players (CONT
group; 18.6+1.9 y/o, Ht = 185.3+6.6 cm, Wt =
85.7+8.5 kg).

Participants were identified during regularly sched-
uled visits to the participating physician and/or
physical therapist. Inclusion criteria for the UCL
group included the following: (1) a baseball player
between the ages of 14 and 23 y/o, (2) the athlete’s
ability to throw was affected by the injury, (3) the
athlete was unable to continue participating in base-
ball at the level he did before UCL tear, (4) clinical
examination results were positive for a primary UCL
tear diagnosed by a fellowship-trained, board certi-
fied orthopedic surgeon, (5) there was confirmation
of a UCL diagnosis via MRI, and (6) the athlete was
attempting to return to sport at a competitive level.
Exclusion criteria were (1) a previous UCL recon-
struction that failed, (2) a previous shoulder surgery
for labral or rotator cuff involvement, and (3) if the
patient did not plan to return to baseball after treat-
ment. The same exclusion criteria were applied to
the control participants. Participants were enrolled
and consented into the study by an investigator in
the outpatient sports medicine facility once they
were confirmed to meet the inclusion and exclusion
criteria (Figure 1).

Measurements of Passive Range of Motion

Hip ROM testing was performed at the UCL par-
ticipant’s initial visit to the outpatient sports medi-
cine center. All control participants were measured
either before their fall or spring baseball seasons
using the same methods as the UCL group. Measure-
ments were taken by two physical therapists who
had undergone training and demonstrated excellent
reliability for hip ER (intraclass correlation coeffi-
cient * 2k = 0.94; standard error of the mean =
2.6) and hip IR (intraclass correlation coefficient *
2,k = 0.98; standard error of the mean = 3.8). Pas-
sive hip ER and IR of the stance (limb on same side
of throwing arm) and lead (limb on opposite side of
throwing arm) limbs were measured using a stan-
dard goniometer fitted with a bubble level attach-
ment (Figure 2). The participant was positioned in a
prone position and stabilized with a belt around the

Assessed for Eligibility

(N =351)

Allocation

UCL-Injured Group (n = 154)

Healthy Controls (n = 197)

e Did not have hip < e Not case matched
(n=110)

Y

ROM measurements
(n=67)

v A

UCL - Injured Group Healthy Controls

(n=287) (n=287)

Figure 1. Flow Diagram for Allocation of Healthy Controls
vs. UCL-Injured.

Figure 2. Hip internal rotation range of motion measurement.

The International Journal of Sports Physical Therapy | Volume 14, Number 6 | December 2019 | Page 922




hips while the investigator passively moved the limb
until end range was noticed by an abrupt end feel or
movement was elicited at the sacroiliac joint.

Main Outcomes Measures

Mean passive hip ER and IR ROM of both the
stance and lead limbs was calculated and compared
between groups. Hip total range of motion (TRM)
was calculated by adding ER and IR of each limb and
for each group.

Statistical Analysis

A priori statistical power analysis was performed
using hip IR motion as the primary outcome, and it
was determined that a total of 80 participants (40 in
the control group and 40 in the UCL group) would be
needed to detect statistically significant differences
based on an 80% power calculation. Independent
t-tests were computed to compare mean group dif-
ferences for hip ROM.

RESULTS

Table 1 highlights the descriptive demographic char-
acteristics of the participants. There was a slight
difference for age (p = 0.007), but no differences
for height (p = 0.079), weight (p = 0.643), or years
of experience (p = 0.061) between groups. Eighty-
three percent of the participants were right hand
dominant in both groups, while 68.9% were pitchers
in the UCL group and 54.0% were pitchers in the
healthy group.

No differences between groups were detected
for hip ER on the stance (UCL = 33.9°+9.9°,
CONT =34.3°+10.6", p = 0.77) or lead (UCL =
32.9°+9.9°, CONT = 34.4° +10.0°, p = 0.31) limbs.
Similarly, there were no group differences in hip
IR on the stance (UCL = 30.6°+10.5°, CONT =
29.6°+9.5°, p = 0.53) or lead (UCL = 33.5° +17.5°,
CONT = 29.5°+9.0°, p = 0.06) limbs. The groups

were also similar in hip TRM on the stance (UCL =
64.5°+13.7°, CONT = 64.0°+17.2°, p = 0.83) and
lead (UCL = 66.4° +17.4°, CONT = 63.9°+15.6°, p
= 0.33) limbs (Table 2).

DISCUSSION

Adolescent baseball players with a UCL tear do not
demonstrate differences in hip rotational motion in
either the stance or lead limbs when compared to
a matched, healthy cohort. The hip joint has been
shown to be the primary source of movement for
trunk twisting or rotation,® which is necessary to
achieve optimal positioning for the trunk and pelvis
during the throwing motion.?® Inadequate mobility
in the hips of a baseball player may limit the transfer
of energy to the upper extremity and consequently
predispose the athlete to alterations in the throwing
motion and subsequent risk of injury.*” The similar-
ities between both hip IR and ER motions between
limbs and across groups in the present study suggest
that the available ROM needed for this population of
baseball players may not help to differentiate those
with and without injury to the UCL when measured
in a prone position.

The findings of the current study are similar to previ-
ous hip rotational motion data in healthy youth base-
ball players when measured in the prone position.®'”?
When 44 healthy adolescent baseball players were
measured for hip ROM, the lead (IR = 32.0+8.9°, ER
= 30.3+6.1°, TRM = 62.1+7.5%) and stance (IR =
30.6+6.2°, ER = 30.0+7.4°, TRM = 60.4+6.8") limbs
were comparable to values in the present study.!”
Additionally, between limb hip rotational ROM sym-
metry was very similar in the adolescent healthy
group when compared to the current findings in the
UCL group.!” In the same way, hip ROM has previ-
ously been studied in relation to glenohumeral ROM
and overall pitch volume in youth baseball pitchers,
showing hip ROM values that are similar to the ones

Table 1. Participant Demographics.

UCL Control p-value

(n=87) (n=87)
Age (yrs) 17.7+2.0 18.6+1.9 p=0.01
Years of Experience 13.0£3.1 13.7£2.0 p=0.06
Height (cm) 183.4+6.8 185.34+6.5 p=0.08
Weight (kg) 85.1£10.2 85.8+8.5 p =0.64
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Table 2. Participant Hip ROM Means and Standard Deviations

between Groups.

UCL Control p-value
(n=87) (n=87)
Hip ER ROM 33.949.9° 34.3£10.6° p=0.77
(Stance)
Hip ER ROM 32.949.9° 34.4+10.0 p=0.31
(Lead)
Hip IR ROM 30.6+£10.5° 29.6+9.5° p=0.33
(Stance)
Hip IR ROM 33.5£17.5° 29.5+9.0° p=0.06
(Lead)
Hip TRM 64.5£13.7° 64.0+17.2° p=0.83
(Stance)
Hip TRM 66.4+17.4° 63.9+15.6° p=0.33
(Lead)
* ER = external rotation; IR = internal rotation; ROM = range of motion; UCL = ulnar collateral
ligament; Stance = limb on same side of throwing arm; Lead = limb on opposite side of throwing
arm
** Significance set at p<0.05

presented in the current study on both the lead and
stance limbs.” Although some significant relation-
ships across the variables were found, further study
is required to determine the clinical relevance. While
the age of these baseball players in these earlier stud-
ies'”?” was slightly younger (15.4+2.1 and 13.9+2.9
y/0) than those individuals in the existing investiga-
tion, equivalent measurement techniques (prone)
were used. Differences in hip IR ROM have been dem-
onstrated between preadolescent (9.9 + 15 y) and ado-
lescent (15.1 +1.3 y) baseball players with the younger
athletes exhibiting significantly greater ROM on both
the dominant (preadolescent = 40.81°, adolescent =
33.09°) and nondominant (preadolescent = 38.37°,
adolescent = 34.35°) limbs.? While the adolescent hip
IR ROM values of Beckett et al.® study were similar
to the values in the present study, hip ER ROM was
greater across both groups and on both limbs (preado-
lescent_dominant = 37.65°, adolescent_dominant =
38.54°; preadolescent_nondominant = 38.70°, ado-
lescent_nondominant = 38.85°). The results of these
earlier studies®'”* in combination with the current
findings imply that when measured in the prone posi-
tion, youth baseball players have similar hip ROM on
both the stance and leads limbs and hip ROM may not
necessarily be associated with upper extremity injury.

In contrast, previous work has found a relation-
ship between deficits in hip ROM and elbow pain in

adolescent baseball players.” One hundred twenty-
two adolescent baseball players were measured for
hip ROM in a supine position with the hip flexed to
90°. Those who reported elbow pain at time of assess-
ment or during the previous month while throwing
demonstrated a decrease in hip IR in both the lead
and stance limbs when compared to the no elbow pain
group. The differences in findings between the Saito
et al.” study and the current study could be attributed
to the measurement technique of IR at 90° of hip
flexion and the overall younger mean age of the indi-
viduals (12.0 y/o versus 17.8 y/0). When these same
participants” were measured in prone, there were no
differences in hip ROM between the pain and no pain
groups, similar to the current findings of this paper.
When measured in a seated position, youth base-
ball pitchers (11.3+1.0 y/0) demonstrated greater
hip ER on the lead limb with greater hip IR ROM on
the stance limb.® Similarly, stance limb hip IR ROM
(seated) increases as throwing arm scapular posterior
tilting decreases at maximal humeral ER in youth
baseball pitchers following a simulated game pitch-
ing protocol.?® The results from these studies suggest
that position of the hip during measurements may
play a role in identifying those who may be at risk
for throwing arm elbow pain and positioning of the
hip in a flexion may alter the available hip ROM, thus
producing different values. Additionally, the lack of
hip mobility in the seated position could be attributed
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to osseous (femoroacetabular impingement) and/or
soft tissue changes.”* Previous analyses have estab-
lished a relationship between high-level sports partic-
ipation (hockey, basketball, and soccer) in males and
osseous changes at the femoral head-neck junction;*
however, these bony changes have not been identi-
fied in the baseball athlete and further investigation
is warranted.

The current study presents with certain limitations
that need to be considered. Hip ROM measurements
were only captured with the participant in the prone
position. As documented earlier, the position in which
hip IR and ER ROM is measured may influence both
values and the ability to identify potential relation-
ships within the kinetic chain that may be associated
with upper extremity injury.®”*° Throwing volume at
time of hip ROM measurements were not controlled
for during data collection which could affect the avail-
able mobility of the hip. While enrollment into the
study occurred at time of injury for the UCL group,
and prior to either the fall or spring baseball season
for the healthy group, throwing volume was not cap-
tured. Finally, the current study population consisted
of high school and college age baseball players, thus
the findings of this study may not be extrapolated to
the professional or little league baseball player.

CONCLUSION

The results of the current study indicate that pas-
sive hip rotational ROM does not differ between
adolescent baseball players with an elbow UCL tear
and a group of healthy controls when measured in
the prone position. Although hip rotational ROM is
thought to be related to throwing mechanics and
possibly with upper extremity injuries in baseball
players, the results from the current study suggest
that hip ROM is similar between UCL injured and
uninjured baseball athletes in this sample. The man-
ner in which the available hip ROM is utilized may
play a role in differentiating between groups.
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