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ABSTRACT
Background/Purpose: Greater humeral retroversion has been associated with shoulder and elbow injuries. Methods for
measuring torsion include radiography, computed tomography (CT) and sonography (US) which may be costly or unavailable. A palpation method might be a reliable alternative to imaging techniques. The purpose of the current study was to
examine the construct validity of the palpation technique for humeral torsion by (1) determining if a side-to-side difference
in humeral torsion (HT) could be detected in a cohort of baseball pitchers using the palpation technique and (2) compare
the side-to-side difference in HT obtained through the palpation method to the US method.
Hypothesis: Clinical assessment of HT by palpation is reliable and is as accurate as sonographic HT measurements among
overhead athletes.
Methods: Twenty collegiate and high school pitchers were assessed. Bilateral shoulder passive external rotation (ER) and
internal rotation (IR) range of motion were measured. Humeral torsion was indirectly measured using sonographic and
palpatory methods. Paired t-tests were used to determine HT side-to-side difference measured by US versus palpation.
Pearson’s correlation coefficient (r) was used to determine the relationship between HT side-to-side difference detected by
palpation and US, and relationships among IR and ER of the shoulder and HT side to-side difference measurements.
Results: There was significantly greater HT in dominant versus nondominant arm assessed by both palpation (5°±5,
p=0.0004) and ultrasound (9°±11, p=0.0007). There was a positive correlation between both methods of HT measurement
(r = 0.522, p=0.018). Palpation significantly underestimated HT as compared to US measurements (difference 4°±9,
p=0.048). Difference in IR between shoulders correlated with HT measured by palpation (r=-0.651, p=0.002) and US
(r=0.569, p=0.009). Increased ER in the dominant versus nondominant arm correlated with the side-to-side difference in
HT measured by both palpation (r= 0.509, p=0.02) and US (r= 0.602, p=0.005).
Conclusion: Greater HT on the dominant versus nondominant shoulder via palpation indicated this method can be used to
assess HT in pitchers. HT assessed by palpation correlated with HT assessed by US. However, the magnitude of side-to-side
difference in HT was smaller with palpation compared to US, and the two techniques should not be used interchangeably.
Nevertheless, assessment of HT via palpation is a reliable and practical method and its use should be encouraged.
Level of Evidence: Level 3, measurement study.
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INTRODUCTION
Increase in humeral torsion (HT), or retroversion of
the humeral head, is an osseous adaptation occurring as a result of participation in overhead sports.1
Asymmetric HT has been widely reported in dominant versus non-dominant shoulders and in throwers
compared with control participants.2 A strong relationship has been found between lower degrees of
dominant HT and more severe upper extremity injuries in pitchers.3 HT was found to be inversely related
to the incidence and severity of shoulder, elbow and
hand injuries in professional baseball pitchers.3 HT
has also been found to be predictive of injury among
adolescent baseball players.4 Assessment of HT can
screen for injury risk. Implementation of an accurate and readily available assessment of HT as part
of pre-participation screening could potentially identify individuals at risk for injury and could monitor
overhead athletes for changes in HT measurements
through the course of a season or career. Therefore, HT assessment is an essential part of an evaluation of an overhead throwing athlete, as it could
dictate direction of care.5 Methods used to measure
HT include plain radiographs, magnetic resonance
imaging (MRI), computed tomography (CT), ultrasonography (US) and palpation, with CT currently
considered the gold standard.6 Radiography and CT,
as well as MRI are less useful in both the clinical and
research setting due to cost, availability, radiation
exposure and time. US has been shown to be a reliable alterative to CT, but it is user dependent and
not always available.7 Assessment of HT via palpation has been shown to be a potential alternative to
US, making it a tool which can be utilized for quick,
accurate screenings in the clinical setting.8 Radiological methods directly measure torsion from angles
derived from both the proximal and distal humerus.7
Unlike radiological methods, the US and palpation
techniques indirectly measure HT by calculating
the forearm inclination angle relative to a standardized humeral position, referred to as bicipital forearm angle.9 Measurements of HT by palpation have
produced results similar to those obtained using US
measures.1,8 To date, a direct comparison of the palpation method with US measurement among overhead throwing athletes has not been conducted. This
comparison is necessary to suggest that the palpation method is a viable alternative to other methods

in the assessment of HT in overhead athletes. The
purpose of the current study was to examine the construct validity of the palpation technique for humeral
torsion by (1) determining if a side-to-side difference
in HT could be detected in a cohort of baseball pitchers using the palpation technique and (2) compare
the side-to-side difference in HT obtained through
the palpation method to the US method.
METHODS
Twenty male baseball pitchers of collegiate (n=16)
and high school (n=4) level participated in the study.
All participants were healthy at the time of testing
and participating in pre-season training. Before participation, players read and signed informed consent
forms approved by the institutional review board.
All athletes attended one testing session, during
which shoulder IR and ER passive range of motion
(ROM) was measured and HT was assessed using
both the palpation and US methods. US assessments were performed by the same assessor, who
had extensive experience in the US measurement
technique. Clinical assessment via the palpation
method was performed on all athletes by a single
assessor. Both shoulders of each pitcher were examined during the same session. The order of assessments (US and palpation) were randomly selected
and performed twice on each shoulder. Each assessor was blinded to the results obtained by the other
assessor. Both US and palpation measurements were
completed within half an hour of each other. The
study established construct validity, reliability, and
precision of the HT measurement with both assessment methods by measuring intrasession reliability
coefficients and standard error of measurement.
Indirect US assessment of humeral torsion
HT was assessed using the indirect US technique previously described.1,9,10 The assessment was performed
while the participants lay supine on a treatment
table with 90° of shoulder abduction in the coronal
plane and 90° of elbow flexion in the sagittal plane.
One tester positioned a linear array US transducer
(HFL50, Fujifilm SonoSite, Bothell, Washington) on
the participant’s anterior shoulder. The transducer
was leveled with the plane of the treatment table,
which was verified with a bubble level attached to the
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transducer. The transducer was then aligned perpendicular to the long axis of the humerus in the frontal
plane. The assessor rotated the humerus so that the
bicipital groove appeared in the center of the image,
with the line connecting the apexes of the greater
and lesser tuberosities parallel to the horizontal plane
as acknowledged by the assessor. A second assessor
placed a digital inclinometer on the ulnar side of the
forearm, pressing firmly against the midshaft ulna,
and recorded the forearm inclination angle with
respect to the horizontal (Figures 1and 2). The ulna
extends perpendicular to the elbow epicondylar axis
(line connecting the medial and lateral epicondyles).
Therefore, this angle reflects the angular difference
between the epicondylar axis (distal humerus) and
the line perpendicular to the line connecting the
apexes of the greater and lesser tubercles (proximal
humerus).11 This US measurement method typically
produces forearm inclination angles in positions of
shoulder internal rotation (IR). Lower IR angle represents greater humeral retroversion.
Indirect assessment of humeral torsion via
palpation
The palpation measurement was performed with
the athlete supine, shoulders at 10° abduction and

elbow flexed to 90°. One examiner palpated the lateral tip of the acromion with his thumb, then glided
the thumb inferiorly between the anterior and middle fibers of deltoid to the head of humerus. Next,
the assessor palpated the greater and lesser tuberosities of the humerus. At this point, the orientation of
the palpating thumb was changed from the tip of the
thumb facing inferior to the tip facing medial. The
subject’s humerus was then externally and internally rotated. The humerus was considered in its
desired orientation when the lesser tuberosity was
felt under the assessor’s thumb, at its most prominent position anteriorly. Then, a second examiner recorded the forearm inclination angle from a
digital inclinometer, as described above for the US
method. This palpation measurement method typically produces forearm inclination angles in positions of shoulder external rotation (ER). Higher ER
angle represents greater humeral retroversion. The
abovementioned technique is similar to Craig’s Test
used to assess femoral anteversion.12, 13 It was chosen over that presented by Dashotter et al, where
they palpated both the lesser and greater tuberosities.8 Anatomically, multiple variations of tuberosity shapes have been reported and this may impact
palpation between tuberosities.8 Therefore, it was

Figure 1. Humeral torsion assessment via the indirect ultrasound (US) method.

Figure 2. US screen image of bicipital groove, greater and
lesser tuberosities.
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hypothesized that using a version of Craig’s Test in
the shoulder, where one bony prominence would be
palpated, would improve palpation accuracy.
Shoulder IR and ER passive ROM were measured
in the standard fashion with the subject positioned
supine on an examination table, with legs fully
extended. The humerus was abducted to 90° in the
coronal plane, elbow flexed to 90° in the sagittal
plane and the subject’s distal humerus was placed
on a small towel roll to prevent shoulder protraction.
Scapular stabilization was performed by placing
the assessor’s hand on the scapula and the thumb
on the coracoid process. The shoulder was rotated
externally to end ROM until scapular posterior tilting movement was detected, at which point ER
measurement was performed using a digital level.14
IR was measured with subject passively internally
rotated up to the point where scapular anterior tilting movement was felt at the coracoid process, then
IR measure was made using a digital level.14
STATISTICAL METHODS
Descriptive statistics were computed for all continuous variables in subject demographics, ROM, and
HT measurements, and reported as means and standard deviations. Paired-samples t-tests were used to
determine HT differences between dominant and
non-dominant arms with the US and palpation methods. Side-to-side difference in HT, IR and ER ROM
was calculated as the difference in the measurement
between the dominant and non-dominant sides.
Paired-samples t-test was used to identify a difference
between US and palpation methods in HT side-toside difference measurements. Pearson’s correlation
coefficient (r) was used to determine bivariate relationships among ER and IR ROM and HT measurements, as well as between HT side-to-side difference
detected by palpation versus US. To determine

intra-rater relative reliability of HT measurements,
two-way mixed-model single-measure intraclass correlation coefficient (ICC [3, 1]) was calculated from
two HT measurements made by the same examiner
within a single session. Absolute reliability in the
form of standard error of measurement (SEM) was
also calculated for each method of HT.
Based on the variability in HT between healthy subjects assessed by a similar palpation technique it was
estimated that there would be 80% power to detect
a 5 degrees difference in HT between the dominant
and non-dominant arms (P<0.05) using the palpation technique.8
All statistical analyses were conducted using SPSS
version 23 (IBM Corporation, Armonk, NY).
RESULTS
Mean age of pitchers participating in the study
was 19±2.3 years, height 183±8.8 cm and weight
87.2±12.4 kg. Eighty percent were NCAA Division
III level and 20% were high school level players.
Results presented in Table 1 demonstrate no difference in ER between dominant and non-dominant
shoulders (117±13 vs. 114±9). Significantly greater
IR in non-dominant shoulder versus the dominant
shoulder was found among pitchers (55°±7 vs.
46°±5, p< 0.0001, respectively). Palpation method
found the dominant shoulder had significantly more
HT compared to the non-dominant shoulder (32°±6
ER vs. 27°±4 ER, p=0.0004, respectively). Assessment via US also found dominant shoulder HT was
greater than HT of non-dominant shoulder (20°±10
IR vs. 29°±12 IR, p=0.0007, respectively).
HT side-to-side difference measured using the
two methods correlated significantly (r = 0.522,
p=0.018; Figure 3). However, there was a significant

Table 1. Humeral torsion and ROM measurements of the study population.
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Figure 3. Humeral torsion side-to-side difference with ultrasound (US) vs. palpation methods among pitchers*
*Increase in humeral torsion side-to-side difference with either method
represents higher humeral retroversion on the dominant shoulder.

Figure 4. Palpation assessed humeral torsion (HT) vs. internal rotation (IR) side-to-side difference among pitchers*

*Increase in HT on the dominant versus non dominant side was associated with lower IR ROM on the dominant shoulder relative to non-dominant.

systematic difference between the two methods: the
US method detected 4°±9 greater difference in HT
between the dominant versus non-dominant shoulders compared to the palpation method (p=0.048).
The Standard Error of Measurement (SEM) was 3.4°
for the palpation method and 2.1° for US. The intrasession reliability coefficients were 0.86 and 0.92 for
palpation and US methods, respectively.
HT side-to-side difference measured by both US and
palpation significantly correlated with IR ROM difference between shoulders (r=0.57, p=0.009 and
r=-0.65, p=0.002, respectively; Figure 4).
Both US and palpation HT side-to-side differences
were significantly correlated with ER difference
between shoulders (r= -0.60, p=0.005 and r= 0.51,
p=0.022, respectively; Figure 5).
DISCUSSION
The purpose of this study was to determine the
construct validity of a clinical palpation assessment of HT. This was determined by examining
whether a difference in HT between the dominant
and nondominant arms of baseball pitchers could be
detected by the palpation technique, and by assessing whether the palpation technique agreed with US
measurement of HT. Greater HT on the dominant
versus nondominant arm detected by the palpation
technique indicated that this method can be used
to clinically assess HT in baseball pitchers. Additionally, HT measured by palpation was correlated

Figure 5. Palpation assessed humeral torsion (HT) vs. external rotation (ER) side-to-side difference among pitchers*

*Greater HT on the dominant side versus non dominant was associated
with greater ER ROM on the dominant versus non dominant side.

with HT measured by US. However, the magnitude
of the side-to-side difference in HT was smaller for
the palpation technique compared with US, and the
two techniques should not be used interchangeably.
This is likely a result of the US method being a more
sensitive measurement than palpation.
It is difficult to compare this current study results to
the Dashotter et al. study because of the positional
differences in the methodology. However, for a reference point it is important to highlight that Dashottar
et al. showed excellent agreement between their palpation and US methods with shoulder adducted, with
a difference of 0.2°±4.1.8 Dashotter et al. utilized the
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bicipital forearm angle with the shoulder at neutral
for both the palpation technique and the US technique. Palpation measurement was performed with
the arm in neutral position and the US measurement
in 90º of abduction. In the current study, palpation
technique, similar to Craig’s Test, used the lesser
tuberosity as the most prominent bony landmark,
while the humeral head was positioned between
the anterior and middle fibers of the deltoid, making it more palpable.8 When abducting the shoulder
to 90º, the bicipital tuberosities are covered by the
anterior fibers of the deltoid, making palpation of
the tuberosities more difficult.8 In this study, participants were supine with the arm in neutral position,
which allowed for improved palpation of the lesser
tuberosity through the interval between the anterior
and middle fibers of the deltoid. The US technique
was performed in the 90º of abduction position
because this is the technique originally described
for recording the bicipital forearm angle using US
methodology and previously used to compare adolescent baseball players retroversion.9 Whiteley et
al, was able to determine an approximately 11º retroversion difference in adolescent baseball players
using the US technique, however failed to show a significant difference with the palpation technique at
90º abduction.9 The positional methodology for the
present study was based on previous work using the
US measurement for retroversion at 90º of shoulder
abduction and previous studies recommending retroversion palpation in neutral.1,8,9,15 Feuerherd et al.
compared three different palpation methods with US
and found a fair but significant relationship between
one specific palpation (90º abduction) method and
US.1 Feuerherd et al. found good intratester reliability with all three palpation techniques, however
poor to fair intertester reliability with all techniques.
Coincidently, the best intertester reliability was seen
with the palpation at 45º. This change in angle may
decrease the degree that the humeral head is protected by the middle deltoid. Interestingly, Feuerherd et al. used both male and female overhead
athletes in their study and a significant shift in ROM
was noted from dominant to non-dominant shoulders. However, they did not report side-to-side difference in retroversion and whether this was associated
with the side-to-side difference in ROM. One of the
goals of this current study was to assess the ability to

detect a change in retroversion using the palpation
technique in the overhead baseball athlete. This current study detected a side-to-side difference in retroversion using the palpation technique, which is an
important clinical consideration.
The differences in agreement between studies may
be due to variations of the palpation method. There
was stronger agreement between methods when
palpation was performed with the arm at neutral
or abducted 10° as per Dashottar and in the present
study.8 Weaker correlation was found when palpation
was done with the shoulder abducted to 90°.1 The
current study demonstrated a significant difference
between the two methods of measurement. The US
method detected 4°±9 greater HT side-to-side difference compared to the palpation method (p=0.05)
which may in part be due to systematic difference
from performing palpation at neutral and US at 90º of
shoulder abduction. The US method used in the present study was the technique originally described by
Whiteley et al, leveling the floor between the greater
and lesser tuberosities, while the palpation method
used a technique similarly described with Craig’s
Test, where the most prominent bony land mark
(lesser tuberosity) is the position of measurement.9
The key result of the current study is that a difference could be detected from the dominant pitching
shoulder to the non-dominant pitching shoulder, not
that the method of measurement was in exact agreement. Considering the method of measurement was
different, this systematic difference is possible.
The use of US as a valid alternative to CT, which
is considered gold standard, when assessing HT
has been well established.7,10 But, US imaging units
are not widely available in outpatient clinics. They
are costly, can be time consuming and user dependent.8 Therefore, it is impractical as a screening tool
in events such as pre-season screening. In a clinical setting, palpation is a practical alternative to US
for assessing HT. Since palpation is a common skill
taught to all musculoskeletal clinicians and used regularly in the clinical assessment, it should be used
on a regular basis to assess components of glenohumeral ROM. Clinically, HT can be the driving force
behind manual treatments to address ROM concerns
in the baseball pitcher. Wilk et al, showed that pitchers with an asymmetrical total shoulder rotation
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(IR+ER) increased their elbow injury risk by 2.6
times.15 Pitchers with insufficient humeral torsion
may overstretch their anterior capsule leading to
anterior shoulder instability and pain.16 Also, they
may overrotate their shoulder causing excessive
twisting of the long head of the biceps and internal
impingement between the rotator cuff and the posterior superior glenoid margin. 16 Understanding the
component of HT out of the total shoulder rotation
in a pitcher will help determine how much of this
ROM change is due to soft tissue versus an osseous
adaptation. This understanding can aid in developing an individualized treatment plan for each baseball pitcher and may help prevent future injuries.
Moreover, HT assessment via palpation allows for
large screening of athletes, which may assist in
addressing different glenohumeral ROM components through appropriate treatment.
CONCLUSION
In conclusion, greater HT on the dominant versus
nondominant shoulder determined via palpation
indicated this method can be used to assess HT in
baseball pitchers. Moreover, HT measured by palpation correlated with HT measured by US. However, the magnitude of side-to-side difference in HT
was smaller with palpation compared to US, and the
two techniques should not be used interchangeably.
Nevertheless, palpation method for assessment of
HT is a reliable, safe and practical method and its
use in the clinical setting should be encouraged.
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