
Professional Pitchers Display
Differences in UCL Morphology
and Elbow Gapping During
Moving Valgus Stress Testing
After UCLR: Response

Authors’ Response:
We appreciate the interest in our study and the opportu-

nity to respond to the issues raised. We agree that under-
standing the accuracy, reliability, and precision of the
methodology of ultrasound (US) is critical to the appropri-
ate interpretation and application of the results.

First, we apologize for the error in Table 1 of the original
article,2 which presented the reliability and precision data.
We created confusion by combining the intraclass correla-
tion coefficients, standard errors of measurement, and min-
imal detectable changes (MDCs) for both thickness and
gapping, and we mistakenly switched the gapping data
with the thickness reliability data in the rows. These have
been corrected in Table 1 here.

We also acknowledge that the published graph (Figure 3
in the original article2) was unclear, as we attempted to
present side-to-side differences between the ulnar collateral
ligament (UCL) reconstruction and uninjured groups for
UCL thickness, which were reported in the Results section.
We have updated that graph with the actual dominant/non-
dominant values for thickness (Table 2). We have also

clarified the side-to-side differences between groups and the
mean values in a revised graph (Figure 1).

With regard to the accuracy and precision of the US mea-
surements, we agree that it is critical to apply consistent
standards when interpreting US images. The first consid-
eration is discerning the depth of the structure imaged—in
this case, the UCL and bony attachments—which were all
<3 mm, indicating that the US frequency was at or near the
top of the range for the unit used (13-15 Hz with an axial
resolution of 0.1-0.3 mm). Based on prior work in cardiol-
ogy,8 the differences in gapping and UCL thickness
reported in our study2 were 3 to 4 times greater than the
validated cardiology values and beyond our reported MDC
values (see Table 1 here). This finding is in contrast to
studies examining posterior capsular thickness, reported
as between 0.3 and 0.4 mm.5-7 Based on the validation stud-
ies in cardiology and given the lower US frequency required
to image the posterior capsule, posterior capsular thickness
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TABLE 1
Reliability of Ultrasound Measurements

(Updates to Table 1 of Kissenberth et al2)a

Dominant Elbow Nondominant Elbow

ICC
SEM,
mm

MDC,
mm ICC

SEM,
mm

MDC,
mm

Intrarater reliability
Gravity valgus 0.98 0.14 0.39 0.98 0.17 0.47
Loaded valgus 0.99 0.47 1.30 0.99 0.73 2.00
UCL thickness 0.94 0.02 0.07 0.97 0.11 0.30

Interrater reliability
Gravity valgus 0.87 0.38 1.10 0.82 0.43 1.20
Loaded valgus 0.84 0.43 1.20 0.84 0.65 1.80
UCL thickness 0.84 0.07 0.19 0.89 0.16 0.44

aICC, intraclass correlation coefficient; MDC, minimal detect-
able change; SEM, standard error of measurement; UCL, ulnar
collateral ligament.

TABLE 2
UCL Thickness for UCLR and Uninjured Pitchersa

UCL Thickness, mm

Dominant Nondominant

Uninjured 3.3 ± 0.61 2.7 ± 0.54
UCLR 4.2 ± 0.45 3.1 ± 0.70

aData are reported as mean ± SD. UCL, ulnar collateral
ligament; UCLR, UCL reconstruction.

Figure 1. Pitchers with a history of ulnar collateral ligament
reconstruction (UCLR) demonstrated less gapping and a
thicker ulnar collateral ligament compared with pitchers with-
out a history of UCLR. *Significant difference between the
UCLR and uninjured pitchers’ dominant arm measurements
(P < .05). **Significant difference in side-to-side difference in
thickness between the UCLR and uninjured pitchers (P< .05).
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measurements are much more uncertain and prone to error
compared with the UCL thickness measurements reported
in our study.

Additionally, our gapping and UCL thickness measure-
ments are consistent with those of Ciccotti et al.1 While our
gapping was less, it is most likely because of markedly less
force and greater elbow flexion, which would approximate
the medial elbow joint.

Finally, regarding the testing position, force, and meth-
odology, as outlined in the introductory section and elabo-
rated in the Discussion section, the purpose of our study
was to evaluate a clinically applicable approach to using US
to assess the throwing elbow. While the methods used by
Ciccotti et al1 work well in a research environment, they
are not usable in a real-world setting. Additionally, when
discussing using the Telos device/approach with the lead-
ership of several baseball organizations, none was willing
to have its pitchers participate. Thus, we used the most
common UCL injury test (the “moving valgus stress test”3)
and imaged the UCL during this maneuver. Based on the
reliability and precision reported and the face validity of
the results here as well as the clinical utility of identifying
pitchers at risk for UCL injuries in the subsequent season,4

we are confident in the clinically applicable method and
conclusions drawn in our study.
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