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Abstract
The magnitude of humeral torsion (HT) affects the internal and external rotation range of motion
at the shoulder. Currently imaging is required to quantify the HT angle, however, factors such as
cost and non-availability of imaging to musculoskeletal clinicians limits its use. The aim of this
study was to examine the validity of palpation of the bicipital tuberosities as an alternative to
imaging for quantifying HT angles. The bicipital-forearm angle, an indirect measure of HT, was
measured using palpation and real-time ultrasound imaging in 25 subjects. The agreement among
the two methods was excellent with the Intraclass Correlation Coefficient (3,k) = 0.92, and the
mean difference between the two methods was −0.2° (SD 4.1°) with 95% limits of agreement of
−8.3° to 7.9°. Pearson’s correlation coefficient (r) among the two methods was 0.85. In a clinical
setting, palpation appears to be a practical alternative to US imaging for measuring HT.

INTRODUCTION
Increased external rotation (ER) and decreased internal rotation (IR) range of motion (ROM)
is common in people who use their arms repeatedly in an over-head manner such as
throwing athletes. This shift in ROM is associated with shoulder injuries (Shanley et al,
2011; Wilk et al, 2011), and restoration of normal ROM is associated with improvement in
clinical symptoms (Burkhart, Morgan, and Kibler, 2003a; 2003b; Myers et al, 2006; Tyler et
al, 2000; 2010). Anatomical structures are thought to be altered when increased ER and
decreased IR ROM at the shoulder are apparent and include the posterior glenohumeral
(GH) joint capsule, posterior shoulder muscles and humeral torsion (HT) (Myers et al, 2006;
Tyler et al, 2000; 2010). The HT angle represents the degree of twist of the humerus along
its longitudinal axis and is quantified as the acute angle formed medially and posteriorly
between the trans-condylar axis (distal humerus) and the line bisecting the humeral head
(proximal humerus) (Figure 1a). The more posteriorly oriented the humeral head is with
respect to the epicondyles, the larger is the magnitude of HT. A larger HT angle is
associated with decreased IR and increased ER ROM at the shoulder (Kronberg, Broström,
and Söderlund, 1990)

The range of HT is reported to be −5° to 50° (Boileau et al, 2008; Robertson et al, 2000). HT
angle also varies by: race (Edelson, 1999); age (Edelson, 2000); hand dominance (Doyle and
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Burks, 1998; Yamamoto et al, 2006); and the level and intensity of repeated overhead
activity (Chant, Litchfield, Griffin, and Thain, 2007; Crockett et al, 2002; Makiuchi et al,
2004; Myers et al, 2009; Osbahr, Cannon, and Speer, 2002; Reagan et al, 2002; Schwab and
Blanch, 2009; Tokish et al, 2008; Yamamoto et al, 2006). Due to the great variation in HT
angle and its influence on shoulder ER and IR ROM, clinical measurement of HT should be
an essential part of the shoulder examination. Conventionally, ER and IR ROM at the
shoulder are quantified with the patient in supine, the shoulder abducted, and the elbow
flexed to 90°, so that forearm is aligned with vertical (Figure 1b). From this starting
position, he end ranges in passive IR and ER are measured. However, in these
measurements, the influence of the HT angle on ROM is not considered, which may lead to
incorrectly interpreting the cause of the apparent shift in ROM.

Plain radiographs (Osbahr, Cannon, and Speer, 2002; Reagan et al, 2002; Tokish et al,
2008); computed tomography (CT) (Chant, Litchfield, Griffin, and Thain, 2007; Crockett et
al, 2002; Hernigou, Duparc, and Hernigou, 2002); and ultrasound (US) (Ito et al, 1995;
Myers et al, 2009; Whiteley, Ginn, Nicholson, and Adams, 2006) are used to measure HT
angle. US can measure HT quickly, is non-invasive (Myers et al, 2009; Whiteley, Ginn,
Nicholson, and Adams, 2006), and allows assessment of HT angle without exposing the
patients to radiation (Ito et al, 1995; Myers et al, 2009). Because it is not possible to
visualize both ends of the humerus simultaneously using one US unit, a direct measurement
of HT angle is impossible. To address this limitation, Ito et al (1995) quantified the angle
between the forearm and vertical while using a real-time US image to orient the bicipital
tuberosities, calling this measure the bicipital-forearm angle (BFA) (Figure 2). Because the
ulna is essentially perpendicular to the epicondylar axis (line connecting medial and lateral
epicondyle of humerus) when the elbow is flexed to 90°, the angle between the ulna and
vertical can be used to quantify HT. The BFA and the HT angle are inversely related such
that a smaller BFA indicates a greater amount of HT (Yamamoto et al, 2006).

While US imaging has been used for quantifying HT angle (Ito et al, 1995; Myers et al,
2009; Whiteley, Ginn, Nicholson, and Adams, 2006; Yamamoto et al, 2006), its utility in
many rehabilitation settings is limited (Myers et al, 2009). The cost incurred by patients is
one factor limiting the use of US imaging to assess HT angle. Other limiting factors are the
restricted availability of real-time US imaging units in rehabilitation settings, and lack of
clinician training. On the other hand, clinicians regularly palpate various anatomical
structures during physical assessment, and a method of quantifying HT using palpation will
make the clinical measurement of HT angle a part of the regular physical examination. The
purpose of this study was to examine the validity of measuring BFA by palpation of the
bicipital tuberosities through comparison to BFA as measured by using US imaging to orient
the bicipital tuberosities. Our hypothesis was that BFA measured using palpation of the
bicipital tuberosities would be a valid alternative to measuring BFA with US.

METHODS
The Ohio State University Institutional Review Board approved this study and all volunteers
provided informed consent prior to data collection. The study sample included 49 shoulders
from 12 males and 13 females. Mean age was 26.2 years (SD 3.9) and mean body mass
index (BMI) was 21.4 (2.4). All were right-hand dominant. Overhead athletes were not
excluded; however, none of our subjects had a history of participating in overhead sports.
No subject reported a prior fracture or surgery involving the shoulder or upper extremity.

Procedures
Shoulder IR and ER ROM were measured by the first examiner with the subject positioned
supine with the shoulder abducted to 90° and the elbow flexed to 90°. The scapula was
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manually stabilized over the coracoid process by the second examiner during the IR
measurement. The BFA was then measured using two methods of orienting the bicipital
tuberosities, with palpation always performed first, followed by US imaging. Two
examiners performed the measurements; Examiner 1 oriented the humeral head while
rotating the forearm medially and laterally, while Examiner 2 quantified BFA using an
inclinometer (Baseline Inclinometer, Fabrication Enterprise Inc., Irvington, NY, USA).
Examiner 1 was allowed to rotate the humerus using the forearm to orient the tuberosities,
but a curtain was used to blind him to the visual orientation of the forearm. With the
exception of one subject, all measurements were repeated three times and taken on both
shoulders.

Palpation
Volunteers were positioned supine, with arms at the side, elbow flexed to 90°, the forearm
midway between supination and pronation with palm facing the subject. The clearance of
the forearm in IR was increased by placing a pillow under the distal humerus. Examiner 1
began the trial by palpating 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.
At times, it was helpful to ask the subject to isometrically contract the deltoid in order to
detect the interval between the anterior and middle fibers. Next, Examiner 1 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 rotated medially and laterally, and the humerus was considered
in its desired orientation when the greater and lesser tuberosities were both felt under the
thumb. If the lesser tuberosity was not felt under the thumb, as happened occasionally, the
most prominent part of the greater tuberosity was used to orient the humerus.

Ultrasound
For the criterion-standard measurement, a Sonosite TITAN US machine (6 MHz transducer,
6 cm scan depth) was used to visualize the bicipital tuberosities in real time. Examiner 1
spent 3 months familiarizing himself with using US for identifying anatomical structures at
the shoulder, including the rotator cuff, posterior capsule, and bicipital tuberosities. The
technique used for this study was developed and refined during pilot testing of
approximately 20 shoulders. During pilot testing, it was noted that slight changes in the US
transducers orientation impacted the orientation of the tuberosities on the US image. To
address this, two bubble levels were attached to the transducer to confirm the correct
orientation of the transducer, which was then maintained using a test tube holder.

The US transducer was placed on the shoulder to display a transverse section of the
proximal humerus. Similar to the palpation method, the humerus was rotated until the
tuberosities were in the desired orientation. The orientation was defined by the following
criteria: (1) the floor of the bicipital groove was horizontal; and (2) both the tuberosities
were at the same level horizontally on the US image. A 0.5 cm2 grid printed on a
transparency was attached to the screen of the US unit to ensure that these criteria were met
consistently.

BFA measurement
Once the humerus was oriented, Examiner 2 quantified the BFA using an inclinometer with
respect to the vertical. The inclinometer was placed flush with the distal forearm just
proximal to the ulnar styloid process.
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Data analysis
A repeated measure ANOVA was used to compare BFA detected by palpation and US
methods, with BFA the dependent variable and the two measurement methods the repeated
within-subject factor. An Intraclass Correlation Coefficient (ICC(3, 2)) between the palpation
and US methods was calculated to assess the validity. ICC values above 0.75 conventionally
indicate good reliability between two methods. Pearson’s correlation coefficient (r) was used
to determine the relationship among BFA values detected by palpation and US. Bland–
Altman plots were used to calculate the mean difference and evaluate the 95% limits of
agreement between the two methods. For statistical analysis, NCSS 2001 and a significance
level set at p < 0.05 were used.

RESULTS
The mean BFA measured with US and palpation were 31.5° (SD 7.5°) and 30.5° (SD 7.9°)
respectively, which were not statistically different (F = 0.0; p = 0.99) (Figure 3a). The
correlation and agreement among the two methods were excellent with the ICC = 0.92 (95%
CI 0.86–0.95), and r calculated to be 0.85 (95% CI 0.69–0.93) (Figure 3b). The mean
difference between the two methods was −0.2° (SD 4.1°). The 95% limits of agreement
were −8.3° to 7.9°, and 79.6% of the difference values were within ±5° of the mean
difference (Figure 4).

DISCUSSION
We quantified the BFA using palpation of the bicipital tuberosities to orient the humeral
head and compared it to the BFA quantified using real-time US images. Our results suggest
that palpation of bicipital tuberosities is a valid clinical alternative for measuring the BFA. A
comparison of mean values of BFA measured using palpation and US suggest no significant
difference between the two measurement methods. The correlation coefficient (r = 0.85)
suggests high covariance among the two methods (Figure 3a and b). Comparison of means
and the correlation coefficient, however, do not reflect the extent of agreement among the
two methods (Portney and Watkins, 2009). We used the ICC to assess agreement among the
two methods, which was noted to be excellent at 0.92.

Bland–Altman plots were used to further compare the ability of palpation to measure BFA
as a clinical substitute for US. Bland–Altman plots graphically quantify the variation in
“between-method” differences for every subject. The true value of the phenomenon being
measured is estimated in Bland–Altman analysis as the overall mean difference of the mean
values obtained by the each method separately. The difference between the values obtained
by two methods for each subject are then plotted against the overall mean difference to
provide information about the discrepancy between the two methods relative to the estimate
of the true value. The 95% limits of agreement provide a visual estimate of the agreement
between the two methods, with smaller the range of the limits of agreement, the stronger the
agreement between methods.

The overall mean difference (BFAUS–BFApalpation) between the two methods was −0.2° (SD
4.1°), implying that on average the difference between the two methods is small and
definitely within an acceptable range of clinical error (Portney and Watkins, 2009). The 95%
limits of agreement (−8.3° to 7.9°) define the range within which most differences between
palpation and US measurement of BFA lie (Figure 4). This means that at its least accurate,
the palpation method can either overestimate the BFA by 8.1° or underestimate by 8.1°.
However, the majority of the difference values (79.6%) fall within a range of ±5° of the
overall mean value. We propose that the values with greater error may be related to the
anatomy of the lesser tuberosity. According to Rock-wood, Matsen, Lippitt, and Wirth
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(2009), 79% of the population have lesser tuberosities where the angle relative to the
bicipital groove is between 60° and 90°, and the remaining 21% have angles between 15°
and 45°. To meet our US orientation criteria, a humerus with lower angles of the lesser
tuberosity will require greater ER of the shoulder to make the tuberosities level on the
image. If palpation is not as sensitive to these lower angles, it would result in a larger
difference in how the tuberosities are oriented and larger differences between the two
methods.

To examine the clinical applicability of the palpation method in the context of shoulder
pathology, consider that a loss in IR ROM of 25°–35° is associated with shoulder injuries
(Myers et al, 2006; Tokish et al, 2008; Tyler et al, 2000; 2010). Even with a maximum
overestimation of HT of 8.1°, the remaining 17° to 27° of motion loss in a patient requiring
intervention can be attributed to soft tissue, which should only minimally affect clinical
decision making regarding treatment. In addition, the overall distribution of difference
values was well under 25°, supporting the clinical utility of using this measure to make
decisions about patients with shoulder pathology and clinically meaningful IR ROM loss.
Because there are no clearly established criteria for determining acceptable degrees of
difference when comparing an old measurement method with a new one, the decision to
accept a new method becomes a matter of judgment and examination of prior precedent.
This study demonstrates, through limits of agreement that are comparable to the limits
reported for other measures of joint motion, that using palpation to measure HT appears to
be valid (de Winter et al, 2004; Tveitå, Ekeberg, Juel, and Bautz-Holter, 2008).

To further evaluate the clinical utility of the palpation method, we also calculated the
standard error of measurement (SEM), which was 3.1°, and the minimal detectable change
(MDC), which was 6.1°. Although the SEM and MDC statistics are most meaningful for
evaluating the reliability of a measurement, they do give an estimate of the accuracy of a
repeated measurement using the palpation method. The SEM suggests that there is a 95%
chance that the true value of BFA for this sample lies between 24.4° and 36.6°. The MDC
suggests that a change in the BFA measurement must be at least 6.1° to be confident that the
change is not just measurement error. When considered relative to the 25° to 35° loss of IR
ROM that is associated with shoulder pathology (Myers et al, 2009; Tyler et al, 2010), these
statistics support the use of the palpation measurement to evaluate HT. One could
potentially use MDC to evaluate change in HT in throwing athletes over time, or to verify
that no change in HT has occurred when an intervention to stretch posterior shoulder tissues
is given to skeletally mature individuals.

In a similar study, Whiteley, Ginn, Nicholson, and Adams (2006) compared the inter-tester
reliability of palpation and US imaging methods for measuring BFA. They reported
excellent inter-tester reliability for the US method (ICC = 0.98), but poor inter-tester
reliability for palpation (ICC = 0.51). However, the Whiteley, Ginn, Nicholson, and Adams
(2006) study did not make a direct comparison of BFA values measured by the palpation
method to those measured by the US method. The focus of our study was to examine the
agreement between BFA angle measured by palpation and US, and the comparison resulted
in a high ICC (0.92) between the two methods. With evidence of validity, it is now
necessary to examine the inter-tester reliability of using palpation to measure BFA among
multiple clinicians.

This study also differed from that of Whiteley, Ginn, Nicholson, and Adams (2006) in how
subjects were positioned during the measurements. In the Whiteley, Ginn, Nicholson, and
Adams (2006) study, subjects were positioned supine with the shoulder abducted to 90° and
elbow flexed to 90°. In this position, the bicipital tuberosities are covered by the anterior
fibers of the deltoid, making palpation of the tuberosities more difficult. In our study,
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subjects were supine but did not abduct the arm, which may have allowed improved
palpation of the tuberosities between the anterior and middle fibers of the deltoid. We also
observed a learning effect in palpating and orienting the bicipital tuberosities. In the first
five subjects, the average difference of the BFA values between the two methods was 5.5°,
as opposed to an average difference of 1.4° for the final five subjects tested. This suggests
that with practice, an examiner will get closer to the criterion-standard US BFA values.

In a clinical setting, palpation is a practical alternative to US imaging for assessing HT. US
imaging units are not widely available in outpatient clinics, especially in less developed
parts of the world. In addition, most musculoskeletal clinicians lack the training necessary to
use US as an imaging modality. Finally, because practice acts may not permit
musculoskeletal clinicians to perform or prescribe imaging, referral of patients to another
provider skilled in imaging may delay assessment and treatment. Palpation, however, is a
common skill taught to all musculoskeletal clinicians, who use palpation regularly during
patient assessment and treatment. The skills needed to perform the HT measurement can be
learned with little practice and knowledge of shoulder anatomy.

A potential source of error of the palpation measurement is the amount of subcutaneous
tissue through which the bicipital tuberosities must be felt. This source of error may be
increased in more muscular individuals, and in individuals with higher BMI. The mean BMI
of our sample was 21.4, however, in two subjects with BMI > 25 the difference between the
two methods was greater than 5°. This suggests that the palpation method may be less
accurate for measuring HT in overweight individuals, although a study to confirm this is
needed. Another source of error is variation in the shape of the bicipital tuberosities.
Bicipital tuberosities are classified on the basis of the angle the lesser tuberosity makes with
the horizontal, (Figure 5) and vary between 15° and 90° (Rockwood, Matsen, Lippitt, and
Wirth, 2009). A lesser tuberosity with a higher angle is more easily visualized using US,
requires less humerus rotation to orient the tuberosities for the measurement, and may be
easier to palpate. Unfortunately, we did not record US images of the bicipital tuberosities, so
we do not know if or how this variable impacted the two measurements. According to
Rockwood, Matsen, Lippitt, and Wirth (2009), 79% of the population have a lesser
tuberosity with an angle between 60° and 90°, and the remaining 21% have an angle
between 15° and 45°. Interestingly, these percentages are almost perfectly reflective of the
percentage of subjects, in this study, whose BFA varied ≤5° between measurement methods
(79.6%) and those whose BFA varied >5° (20.4%).

While Examiner 1 was blinded to the visual orientation of the forearm, it was not possible to
eliminate the kinesthetic feedback he received while orienting the forearm during the
measurements. It is possible that kinesthetic memory of forearm position from the first
method could have biased the forearm position during the second method. Kinesthetic
feedback is an inevitable and essential part of a clinical physical assessment, and therefore
constitutes one facet of the measurement that contributes to the validity of a clinical test.
However, to control this potential bias, we measured BFA using the palpation method first.
Because the criteria for orienting the tuberosities on the US image was objective and
predefined, the US measure did not depend on the position of the forearm, negating the
potential impact of kinesthetic memory.

A potential limitation of measuring BFA is that the measured angle may be influenced by
the carrying angle of the elbow. However, the carrying angle reduces as the elbow flexes,
minimizing its influence on BFA. For this study, in particular, any influence of the carrying
angle on BFA is equally present in both measurement methods as long as elbow flexion
angle is maintained at 90° for both. This limitation may be more of an issue when
comparing BFA between subjects.
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Myers, Oyama, and Clarke (2012) recently compared HT values measured using US against
values measured using CT, the current gold standard, and concluded that US is a valid and
reliable alternative to CT for measuring HT. Furthermore, the BFA angles previously
reported by Myers et al (2009) and Whiteley, Ginn, Nicholson, and Adams (2006) using US
are similar to angles reported in studies that have measured HT using radiographic methods
(Crockett et al, 2002; Reagan et al, 2002). Collectively, these comparisons establish the
validity of using US for measuring BFA (Myers et al, 2009; Myers, Oyama, and Clarke,
2012).

CONCLUSION
Measurement of HT should be a part of ROM assessment at shoulder joint. This study
demonstrates that using palpation to orient the bicipital tuberosities is a valid method of
measuring BFA and assessing HT. Clinicians trained in palpation should be able to easily
learn and use this palpation measurement of HT. As this study examined only validity, the
reliability of this palpation measurement method remains unknown.
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FIGURE 1.
(a) Human retroversion (HR) angle. The angle sustained between the epicondylar axis (distal
end) and a line bisecting the humeral head; b) posteriorly shifted arc of motion due to
increased HR angle. Note the apparent reduction in the internal rotation (IR*) and increased
external rotation (ER*)

Dashottar and Borstad Page 10

Physiother Theory Pract. Author manuscript; available in PMC 2013 July 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



FIGURE 2.
The bicipital - forearm angle: the angle between the epicondylar axis (distal humerus) and a
line connecting the two tuberosities (proximal humerus) representa the torsion of the
humerus. Because the ulna is perpendicular to the epicondylar axis, the angle between the
ulna and vertical is a measure of humeral retroversion.

Dashottar and Borstad Page 11

Physiother Theory Pract. Author manuscript; available in PMC 2013 July 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



FIGURE 3.
(a) Mean BFA detected by palpation and US; (b) Correlation among the BFA detected by
palpation (x-axis) and US (y-axis).
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FIGURE 4.
Difference between BFA measurements by palpation and US plotted against the mean value
of BFA for each subject—Mean difference of sample (−0.2°)–Mean±1.96 SD (95% limits of
agreement)……BFA differences ≤ mean±5°
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FIGURE 5.
Variation in the bicipital tuberosities. Adapted from Rockwood and Masten. Shoulder
4thedition. Saunders Elsevier.
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