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Introduction

Youth participation in organized sports continues to be
popular in the United States. A recent report by the Aspen
Institute identified a 73.2% participation rate in sports for
children aged 6 to 12 years in 2019, with over 4 million
regular participants in baseball.1While participation in sport
has clear benefits, a concerning reality in youth sports today
is early sport specialization, whichmay be related to increas-
ing injuries and burnout,2–4 especially for youth baseball

pitchers. Youth baseball is no exception. A prospective study
by Fleisig et al found that 5% of youth baseball pitchers had
arm surgery or retired from baseball due to arm injuries over
a 10-year period.5 Up to 70% of pitchers have reported arm
pain in a season.6

One common cause of throwing-related pain is Little
League shoulder (LLS), also known as proximal humeral
epiphysiolysis, an overuse injury resulting most commonly
from repetitive high-speed pitching in youth.7–9 With the
increased availability and participation in competitive youth
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Abstract Objective Ultrasound (US) is an established imaging modality in adult sports medi-
cine but is not commonly used in the diagnosis of pediatric sports conditions, such as
Little League shoulder (LLS). This study was conducted to determine the reliability of US
measurement of width of the physis at the proximal humerus in diagnosed LLS and to
compare US to radiography (RA) in detecting a difference between the affected
(dominant) (A) and unaffected (U) shoulders.
Materials and Methods Ten male baseball players diagnosed with LLS were enrolled
in the study. US images of the proximal humeral physis at the greater tuberosity of both
shoulders were obtained by an US-trained sports medicine physician, and the physeal
width was measured. Blinded to prior measurements, a separate physician performed
measurements on the stored US images. Measurements were compared with RA on the
anteroposterior (AP) view for both A and U at the time of the initial visit and for A at
follow-up.
Results The physeal width (mm) at A and U at the initial visit averaged 5.94�1.69
and 4.36�1.20 respectively on RA, and 4.15�1.12 and 3.40�0.85 on US. Median
difference of averaged US measurements between A and U at initial evaluation was
0.75mm (p¼0.00016). A linear model showed US measurements to be predictive of
RA on A (R2¼ 0.51) and U (R2¼0.48).
Conclusion US was able to reliably measure the width of the proximal humeral physis
and detect a difference between A and U. US correlated well with RA (standard for LLS).
US should be considered by the US-trained physician for the diagnosis of LLS.
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sports, the incidence of LLS is on the rise.10,11 It is most
commonly seen in throwing athletes between 11 and
16 years of age.10 LLS commonly presents with pathology
at the proximal humeral physeal plate12 and presents over a
wide spectrum, from delayed physeal closure and physeal
widening, to acute transphyseal fracture.13 Diagnosis of LLS
is typically based on clinical evaluation and confirmation
with radiography (RA).10 Chronic upper extremity overuse
injuries such as LLS in competitive pediatric athletes yield
imaging findings can be obvious and characteristic or subtle
and atypical.11 Effective imaging tools are necessary for
prompt and reliable interpretation that expedites manage-
ment, returning the pediatric athlete to the playing field
while minimizing long-term adverse outcomes.14

The use ofmusculoskeletal US has become common in the
adult sports medicine clinic, and training is required in all
sports medicine fellowships by the Accreditation Council for
GraduateMedical Education.15US is used for the diagnosis of
soft tissue injuries and conditions and improves the accuracy
of many injections.16,17However, evidence is lacking regard-
ing the use of US in pediatric sports injuries and conditions
such as LLS, where RA and MRI are typically used.17 Evalua-
tion with US can mitigate the radiation and costs associated
with RA, as well as improve patient wait times when
performed in clinic by the examining provider.18

The purpose of this studywas to evaluate the effectiveness
of in-clinic US in measuring the width of the lateral aspect of
the proximal humeral physis. The goals of this study were
threefold (1) to determine the reliability of US for the

measurement of affected (A) or unaffected (U) physeal
width; (2) to compare the differences of the physeal width
of A and U between US and RA at the first clinic visit and 6-
week follow-up; and (3) to correlatemeasurements between
US and RA using a linear model.

Materials and Methods

IRB approvalwasgranted at Children’sWisconsin prior to the
study. Informed consent and assent were obtained for each
subject. Ten male baseball players with a new diagnosis of
LLS based on clinical exam and RA findings were enrolled in
the study at the time of their initial evaluation in clinic. The
physeal width at the lateral aspect of the proximal humerus
(greater tuberosity) was measured with RA by using picture
archiving and communication system (PACS) on an antero-
posterior (AP) view for both the A andU at the initial visit and
A at the follow-up visit (5–7 weeks later). Physeal width was
calculated by using the measurement calipers, where the
width was marked between the lateral corner of the proxi-
mal humeral metaphysis and the lateral corner of the epiph-
ysis for both sides. Measurement was taken in mm
(►Fig. 1A–C). After RA, a variable mid-range intensity linear
US probe (GE NextGen Logic machine, Milwaukee, Wiscon-
sin, United States) was used to obtain images of the shoulder
sat the initial and follow-up visit using a long axis view
relative to the humerus at the greater tuberosity (►Fig. 2). A
similar arm position in the AP view of shoulder RA was
required for USmeasurements. The US imageswere obtained

Fig. 1 (A) RA affected humerus, initial visit (red arrow points to physis: width was measured on the anteroposterior projection at the proximal
humerus on picture archiving and communication system by using the measurement calipers, where the width was marked between the lateral
corner of the proximal humeral metaphysis and the lateral corner of the epiphysis for both sides and was taken in mm). (B) RA unaffected
humerus, initial visit (red arrow points to physis). (C) RA affected humerus, follow-up (red arrow points to physis). (D) US affected humerus,
initial visit (red arrow points to physis: width was measured on the longitudinal US image at the greater tuberosity on the using themeasurement
calipers, where the width was marked between the hyperechoic corner of the proximal humeral metaphysis and the hyperechoic corner of the
epiphysis and was taken in cm and converted to mm). (E) US unaffected humerus, initial visit (red arrow points to physis). (F) US affected
humerus, follow-up (red arrow points to physis). RA, radiography; US, ultrasound.
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by a US-trained pediatric sports medicine physician. The
physealwidthwasmeasured on the longitudinal US image at
the greater tuberosity on using the measurement calipers,
where the width was marked between the hyperechoic
corner of the proximal humeral metaphysis and the hyper-
echoic corner of the epiphysis. Measurement was taken
in cm and converted to mm (►Fig. 1D–F). Blinded to prior
measurements, a separate physician viewed US images and
performed measurements of the physis. Both physicians
measured each image twice.

Patients with a closed physis, history of fall, trauma, or
deformity of the proximal humerus, and known genetic
conditions related low bone density or bone fragility
were excluded from this study. A pain scale from 0 to 10
(Wong-Baker FACES Pain Rating Scale) was used to assess the
pain during the first visit and the follow-up visit.

Statistical analysiswasperformedbyusing R 3.1.2 software
(http://www.cran.r-project.org). A t-test was performed onUS
difference between A and U. Significance level was set at
p <0.05. Linear regression models were used to evaluate trial
effect (intrarater reliability) and inter-rater reliability. Intra-
class correlation coefficientswere calculated from themodels.
A linear model was used for prediction of RA measurement
from US measurement.

Results

Tenmale baseball players aged 12 to 16 years participated in
this pilot study. Four subjects did not return appropriately in
the follow-up timeframe and accordingly, and did not have
follow-up measurements. High interrater reliability on US
measurements was noted: A ICC¼0.9449 (0.8667–0.9480)
and U ICC¼0.8905 (0.7503–0.9673). Both examiner 1 and
examiner 2 have the same intrarater reliability on US meas-
urements: A ICC¼0.9996 (0.9984–0.9999) and U ICC¼
0.9999 (0.9996–1).

The physeal width (mm) of A and U at the initial visit
averaged 5.94�1.69 and 4.36�1.20 respectively on RA, and
4.15�1.12 and 3.40�0.85 on US. Median difference of all
averaged US measurements between A and U at the initial
evaluation was 0.75mm (SE¼0.12), which was statistically
significant (p<0.001). This significance was also present
when evaluating blinded and unblinded measurements sep-
arately (p¼0.00013 and p¼0.00020, respectively). For the
six patients who came for a follow-up appointment, the pain
scale along withmeasurements were compared with see the
changes betweenvisits. Initial pain at rest and during activity
was 1.5�1.38 and 7�1.55, respectively. All of the patients
showed clinical improvement, and the follow-up pain at rest
was 0. The patients had not returned to throwing activity, so
activity-related pain could not truly be assessed. The average
reduction of the physis using RA was 1.43�1.30 (mm) and
when using US was 0.62�0.49 (mm).

A linear model showed USmeasurements to be predictive
of RA measurements on A (adjusted R2¼0.51; ►Fig. 3A)

Fig. 2 Ultrasound probe placement. Probe is in longitudinal view
relative to the humerus at the greater tuberosity.

Fig. 3 (A) Linear model showing the relationship between US measurements and RA measurements of affected humerus (A) (adjusted
R2¼ 0.51). (B) Linear model showing the relationship between US measurements and RA measurements of unaffected humerus (U) (adjusted
R2¼ 0.48). RA, radiography; US, ultrasound.
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and U (adjusted R2¼0.48; ►Fig. 3B). A reduction of the
physis width in both RA and USwas reported from the initial
visit to follow-up (►Fig. 1A–F).

Discussion

We were able to measure the physeal width of the proximal
humerus reliably and were able to detect a difference
between the affected (dominant) and unaffected shoulders.
Our measurements also correlated well with RA measure-
ments. In our study, reduction of pain on the affected
shoulder at rest (1.5–0) coincided with decreases of physeal
width in US ranging from a mean of 4.15 to 3.40mm. Future
studies with larger sample sizes could evaluate this relation-
ship further. We would hypothesize that athletes with
continued pain at rest at follow-up would show lack of
improvement or worsening of physeal width at follow-up
due to nonadherence to the treatment plan.

US has been well established for musculoskeletal evalua-
tions in the clinic.19 However, there is a lack of evidence for
pediatric sports injuries and conditions, especially of the
physis. A study by Lee et al showed US efficacy in the
diagnosis of medial epicondyle lesions as compared with
RA and MRI, with US providing a good PPV of medial
epicondyle lesions.20 Through systematic literature review,
Katzer et al concluded that there are hints of a comparable
diagnostic accuracy of RA and US-based diagnosis of forearm
fractures in children, in addition to being less painful, time
saving, and cost-effective.18

Comparing these pediatric applications with others as
well as our results, the use of US for diagnosis in the pediatric
sports patient appears promising. To the patient, US is
fundamentally safer than RA, as no radiation is involved.21

Also, using an in-clinic model, it is likely less expensive than
RAwith lower equipment costs and overhead.16,22 Efficiency
is also likely improved comparedwith RA, as the patient does
not have leave the clinic room for RA and the read is done
immediately by the physician.17 It is important to note that a
limited evaluation of the lateral shoulder with US will not
identify other possible injuries or conditions of the soft
tissues seen on a complete diagnostic exam. Also, the known
limitations of US to evaluatebone and joint conditions should
be considered to avoid missing diagnoses such as bone
neoplasms, osteomyelitis, and joint derangements. Further-
more, US is very operator-dependent23 and this may impact
the acquisition and interpretation of images. Acquiring
US images is a skill that requires training and practice,
such as completion of an ACGME-accredited sports medicine
fellowship.15 However, experienced sports medicine physi-
cians should be able to reliably image andmeasure the physis
to confirm the presence of widening in the patient with
clinical high suspicion of LLS (►Fig. 1A–F).

We would like to acknowledge several limitations of
this study. This is a small pilot study, and greater numbers
could improve the strength of the findings and identity
causes of bias. Further age-matched and controlled subject
studies should be completed to detect minimal changes
with accepted errors. Although detectable changes of US-

measured physeal width averaged 0.75mm (0.05–1.3mm)
between affected and contralateral shoulder and 0.62mm
(0.05–1.2mm) on the injured shoulder between two visits,
variation in the appearance in the physis makes accurate
measurements difficult. However, US is able to properly
identify the distances between bone structures in the
neonatal clubfoot.24 The thickness of the soft tissue that
measurements were being taken through was 2.1�0.6
(mm) for clubfoot and 0.5�0.4 (mm) for normal. Addition-
ally, US was able to take measurements of cuboid-calcaneus
distance ranging from 1.0�1.1 to 2.5�1.3 (mm),24 which
fell into the range of our US measurements as well as
minimally detectable changes for the cartilage. They also
showed that there were very high specificity and sensitivity
of the US to dealing with rotator cuff tendon tears, ranging
from 0.86 to 0.97 for specificity and from 0.8 to 0.96 for
sensitivity.25 Regarding measurement bias, we attempted to
minimize this by having a blinded separate physician to
evaluate the US images independently, also without visual-
ization of RA images for each patient. Each image was
viewed at the same sitting with its comparison image, so
it would have been assumed that a difference may exist. To
eliminate bias further, we could have completely de-identi-
fied and randomized the images. However, comparing the
affected shoulder with its paired unaffected shoulder is
consistent with real-time clinical practice.

Conclusion

US should be considered as an alternate modality for the US-
trained sports medicine physician for evaluating physeal wid-
ening of the proximal humeral epiphysis in the diagnosis of LLS.
However, RA should still be considered the imagingmodality of
choice in clinical scenarios that are less certain based on history
and exam to avoid the risk of not recognizing a clinically
significant condition not identified by this limited approach.
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