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Abstract

Background Ultrasonographic structural abnormalities are regarded as one of the risk factors of elbow injuries.

Elbow injuries are commonly associated with decreased shoulder/elbow range of motion (ROM). The purpose of
this study is to determine the relationship between shoulder/elbow ROM and elbow ultrasonographic structural
abnormalities in Taiwan high school baseball players.

Methods A total of 533 Taiwan high school baseball players were enrolled. Physical examinations including
measurements on shoulder/elbow ROM and elbow sonographic examinations were performed and recorded by
professional physicians. The analyses were conducted in three subgroups according to their defensive position
because the training programs were different. All players pooled, pitchers-only, and fielders-only, due to several
demographic differences among these subgroups. In all the subgroups, univariate analyses were conducted
separately for participants with and those without elbow ultrasonographic structural abnormalities, and then
multivariate analyses were conducted to identify factors significantly related. The odds ratios (ORs) were used to
estimate the risk of elbow ultrasonographic structural abnormalities.

Results Demographic data showed that pitchers had taller body height (P<0.001) and greater elbow flexion/
extension ROM (P<0.001). When all players were pooled, significant risk factors included started playing baseball

at an younger age (OR=1.202; 95% Cl=1.064-1.357; P=0.003), longer experience of official baseball (OR=1.154;
95% Cl=1.038-1.283; P=0.008), lower total shoulder rotation angle (OR=1.007; 95% Cl=1.000-1.014; P=0.050), and
less total elbow arm angle (OR=1.052; 95% Cl=1.017-1.088; P=0.003) For pitchers, significant risk factors included
longer experience of official baseball (OR=1.342; 95% Cl=1.098-1.640; P=0.004), lower total shoulder rotation angle
(OR=1.016;95% Cl=1.004-1.027; P=0.006), and lower total elbow arm angle (OR=1.075; 95% Cl=1.024-1.129;
P=0.004) (Table 5). There were no significant risk factors for elbow structural abnormalities in fielders.
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Conclusion For Taiwan high school pitchers, longer official baseball experience, decreased shoulder total rotational
angle, and decreased elbow total flexion/extension angle, were related to ultrasonographic structural abnormalities in

elbows.
Highlights
- What is known about this subject

- Several studies address the relationship between shoulder/ elbow range of motion and elbow injuries in

baseball players.

« Clinical presentations such as decreased pitch velocity and accuracy, local tenderness, pain during throwing,

are related to elbow injuries at late stage.

- Structural abnormalities could serve as “pre-injury” status of youth baseball player.

- What this study adds to existing knowledge

In youth baseball players, decreased shoulder and elbow range of motion were significantly related to elbow

structural abnormalities, especially for pitchers.

- This could provide not only physicians, but also coaches, trainers, and the players a simple way to examine

their “pre-injury” status.

- Longer official baseball experience could increase elbow structural abnormalities.

Keywords Baseball, Elboow, Shoulder, Range of motion, Ulnar collateral ligament, ultrasound

Introduction

Elbow injuries are common among young baseball play-
ers [1, 2]. Elbow injuries in youth not only delay the play-
ers’ training schedules, technique developments, and
decrease game participation, but also increase the risk of
future injuries [3]. In the past 10 years, approximately 5%
of young baseball pitchers in the United States required
surgery or retirement from baseball because of elbow
injuries [4]. As a result, evaluating the potential risk fac-
tors for elbow injuries in young baseball players is of great
importance. According to Sakata et al., the return-to-play
(RTP) rate among high school baseball players with ulnar
collateral ligament (UCL) injuries managed with non-
operative treatments was as high as 83.6% [5]. The high
RTP rate was because the injury was mostly type I or type
II, indicating partial tear over UCL [6]. Aside from UCL
injuries, elbow tendinitis, tenosynovitis, epicondylitis and
spirochetes were also prominent in adolescent pitchers,
which could also be presented with structural abnormali-
ties [7].

Hence, it is important for physicians, coaches, and
trainers to detect injuries among young players in an
early stage and modify the training protocol accordingly.

Clinical presentations for elbow injuries encompass
local pain or tenderness, loss of throwing velocity and
accuracy, and subjective feeling of instability [8, 9]. How-
ever these symptoms are usually present when the inju-
ries are already severe, such as, complete ligamentous
tear or high-grade partial tear of elbow UCL [10]. As a
consequence, several studies aimed to detect injuries in
an early stage with different ways, including frequent
physical examinations, ultrasonographic studies, and
analysis on throwing mechanism [11-13]. In a meta-
analysis conducted by Pozzi et al., pre-season screening

of shoulder external rotation range of motion (ROM)
can identify professional baseball pitchers who are at
risk of elbow injury [14]. In a clinical study conducted
by Harada et al., shoulder and elbow structural abnor-
malities detected by ultrasonography were significantly
related to injuries in the future [15].

In addition, several environmental-specific factors
(such as pitchers when compared to being position play-
ers) and individual-specific factors (such as pitching
velocities) have been regarded as risks for elbow injuries
in several studies [1, 16]. For these players assessing the
risks, early detection of injuries and close observation
during games and training are more important.

In this study, we analyzed factors related to structural
abnormalities in the elbows of young baseball players. We
utilized ultrasonography and a thorough physical exami-
nation as screening tools, as they can be performed more
easily and quickly than other examinations such as mag-
netic resonance imaging (MRI) or computer tomography.
These factors could be meaningful not only for physicians
and surgeons but also for coaches, physical therapists,
and players to detect elbow injuries earlier.

We believe that detecting elbow structural abnormali-
ties in youth baseball players is crucial, as these abnor-
malities could impact players’ performance and may also
serve as indicators of pre-injury status [17]. As a result,
this study aimed to (1) determine the risk factors for
elbow structural abnormalities and (2) identify the rela-
tionship between elbow structural abnormalities and
ROM of the shoulder and elbow via physical and ultra-
sonographic examinations among Taiwanese high school
baseball players. We hypothesized that shoulder and
elbow ROM may be related to ultrasonographic struc-
tural abnormalities in Taiwanese high school players.
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Methods
Study design
This is a retrospective, cross-sectional study.

Players

In the period of 2016—-2017 Taiwan high school baseball
season, comprehensive physical and ultrasonographic
examinations were performed prospectively on players in
15 elite baseball high schools. Inclusion criteria were will-
ingness to participate in this program, absence of any sur-
gical history of the shoulder or elbow, and the ability to
fully participate in all baseball-related activities without
physical or mental restrictions. Players were excluded if
they were unable to fully participate in baseball activities
for any reason, had a prior injury from which they had
not fully recovered, or were unwilling to participate in
the physical and ultrasonographic examinations. Player
demographics, such as age, number of years played,
height, weight, body mass index (BMI), dominant throw-
ing side, and primary defensive positions, were recorded.
This study was approved by the institutional review board
of the authors’ institution (IRB 202101106A3D001).

Assessment of motion
Shoulder ROM was assessed in the supine position, as
described by Wilk et al. (Figs. 1, 2 and 3). Shoulder exter-
nal rotation (ER) and internal rotation (IR) were mea-
sured with the patient in a supine position and the arm
was in 90° of abduction.

The stationary arm of the goniometer was placed along
a line perpendicular to the table and the axis of rota-
tion was through the olecranon. The moving arm of the
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goniometer was placed along the posterior ulnar border
and degrees of motion were recorded based on the move-
ment of the ulna [18]. Elbow ROM was assessed with the
players seated.

The elbow total arm angle was assessed with the player
seated, the arm forward flexed at 90°, and the forearm
fully supinated. The fulcrum of the goniometer was posi-
tioned over the lateral epicondyle of the humerus, with
one arm of the device along the length of the humerus to
the tip of the acromion process and the other arm along
the length of the radius to the radial styloid process [19].
(Figs. 4, 5 and 6)

For ROM measurements, the variables were analyzed
continuously.

Assessment of ultrasonographic findings

Three orthopedic surgeons performed ultrasonography
to detect elbow and shoulder abnormalities. Images were
obtained using a Philips HDI1 5000 scanner or Philips
EPIQ 5 scanner with a variable high-frequency linear-
array transducer (7.5 to 10 MHz). Ultrasonographic
structural abnormalities over elbow include osteochon-
dritis dissecans of the capitellum when there is a localized
flattening of the subchondral bone and a normal outline
of the articular cartilage [20], calcification, effusion, avul-
sion, and partial tear on elbow UCL. Each abnormality
was recorded after the surgeon’s confirmation, and the
decision was made by consensus.

Statistical analysis
All data were analyzed using SPSS 25.0 (SPSS Inc., Chi-
cago, Illinois, USA). Epidemiologic data were reported

Fig. 1 The patient was set in supine position. Neutral position of external and internal rotation of shoulder was set upon anterior arm perpendicular to

the plane
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Fig. 3 Internal rotational angle of shoulder was the angle measured between full passive internal rotation and the neutral position

with descriptive statistics, including number, means,
standard deviations, range, and percentages where
appropriate. Ultrasonographic findings were docu-
mented and analyzed using dichotomous categories of
either positive or negative findings. ROM measurements
of both the shoulder and elbow were documented con-
tinuously. For univariate analyses, the F test or ¢ test was
applied for continuous variables, and the chi-square test

or Fisher’s exact test was applied for categorical variables.
Parameters that were consistently associated with each
perspective in the univariate analyses were included in
the multivariate analysis. A stepwise multivariate logistic
regression analysis was used to identify factors that were
related to each clinical finding, with results reported as
odds ratios (ORs) and 95% confidence intervals (CI). For
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Fig. 4 The patient was seated, with his upper arm parallel to the ceiling. Neutral position of flexion and extension of elbow was set upon anterior arm

perpendicular to upper arm

all analyses, P values<0.05 were considered to represent
statistical significance.

Results

The total numbers for each domain may vary. This varia-
tion is due to the inability to successfully retrieve certain
variables for reasons such as difficulty in recall by the
players or inability to cooperate with physical or ultraso-
nographic examinations.

Patient demographics
A total of 533 players were included in this study. Among
these players, 212 (39.8%) played primary position as
pitchers, while 222 (41.7%) played as pitchers and field-
ers. The overall mean age was 16.4+0.91 years, mean
length of official baseball experience was 7.3+2.54 years,
mean height was 173.846.00 cm, and mean BMI was
23.24+2.913 kg/m? (Table laand 1b).

The demographic data showed that pitchers had
greater body height (175.8+£6.05 cm vs. 172.4+5.55 cm,

P<0.001) and greater elbow total arm angle (135.6£9.27
°vs. 132.74£9.41 °, P<0.001) (Table 2).

We further grouped the players into pitchers and field-
ers when analyzing elbow structural abnormalities.

Elbow ultrasonographic abnormalities

In our study, any type of ultrasonographic structural
abnormality in the elbow was recorded as a positive
finding for our outcome. As for elbow structural abnor-
malities, several significant findings were noticed in the
study. Longer official baseball experience (P<0.001),
younger starting age (P<0.001), less shoulder rotation
(P=0.01 and P=0.02 for IR) and lower elbow arm angle
(P=0.03) were linked to elbow abnormalities in all play-
ers (Table 3). There was no significant correlation noticed
concerning fielders (Table 4a), while for pitchers, longer
playing experience, early starting age, reduced shoul-
der rotation and IR, and elbow arm angle were related
to elbow structural abnormalities (P<0.001, P<0.001,
P=0.01, P=0.05, P=0.03 respectively, Table 4b). Variables
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Fig. 6 Extension angle of elbow was the angle measured between full passive extension and the neutral position

Table 1a Demographic data of the enrolled players

N Min Max Average sD Median
Age (years) 533 13 19 16 0.91 15
Official baseball experience (played years) 533 1 9 7 254 5
Height (cm) 533 158 192 173 6.00

BMI (kg/m?) 533 174 35.1 232 2913
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Table 1b Demographic data of the players’dominant hands and 5Y 539D
defensive positions v 1833833832337
N Percentage é
Laterality E
Left-handed 66 124 S _~ —w — o <
Right-handed 461 865 2T 2383A3R
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Primary position split
1B 15 2.8
2B 2 4] % N = o
3B 15 8 S |2oY¥28822ey
@ 48 9.0
CF 1 2.1
IF 98 184 é - - @ X
LF 11 2.1 - T T T e o
OF 71 133
p 212 39.8
RF 17 32 5 S
ss 13 24 ?a%éaéﬁiﬁé
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that were significantly related to elbow structural abnor-
malities in each group were further evaluated via multi- A o<~ 0o R es <
variate analyses, and the risks were estimated. coomm e
A number of continuous variables presented an
increased risk of elbow structural abnormalities in mul-
tivariate analysis. For these measures, the OR indicates § < I 2T AN
. . O TN M O O O M
that every 1 unit of change (e.g., 1° in ROM) possesses Y R R I I
an increased risk of elbow structural abnormalities. %
Three different models were established for all play- 3
ers: pooled, pitchers, and fielders. When all players é c 22222888 ¢R
were pooled, significant risk factors included started
playing baseball at an younger age (OR=1.202; 95%
CI=1.064-1.357; P=0.003), longer experience of official
baseball (OR=1.154; 95% CI=1.038-1.283; P=0.008), g |guusnsago
lower total shoulder rotation angle (OR=1.007; 95%
CI=1.000-1.014; P=0.050), and less total elbow arm
angle (OR=1.052; 95% CI=1.017-1.088; P=0.003) g c
(Table 5). For pitchers, significant risk factors included ﬁ 3 |2, 8 E 2 § g e §
longer experience of official baseball (OR=1.342; 95% e S Al i
CI=1.098-1.640; P=0.004), lower total shoulder rotation el
angle (OR=1.016; 95% CI=1.004-1.027; P=0.006), and Z% g
lower total elbow arm angle (OR=1.075; 95% CI=1.024— SlEl. |183873%%:7aa¢8
1.129; P=0.004) (Table 5). There were no significant risk g
factors for elbow structural abnormalities in fielders. E
S ~
Discussion i) 5 >
In this study, we analyzed demographic, shoulder and g ? L ~
elbow ROM, and ultrasonographic data of high school 3 5 § s
baseball players in Taiwan. First, the demographic data o g S g
demonstrated that players with a taller body height and g 32 3 £
greater elbow ROM were significantly related to pitchers. ;cé _ ({; % P Z ‘g %2 g
According to the literature, there is a strong relationship ~ s8R £ % & §
between stride length and ball velocity. The increase in 2 >3 gol lg lg lg R
stride length would increase ball velocity, and the average = 2 % SEfzczccy
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Table 3 Analysis of elbow structural abnormalities of all players (pitchers and fielders)

Elbow structural Elbow
abnormalities + structural
abnormalities -
n Mean SD n Mean SD P Min Max 95% Confidence
level
Age (years) 126 164 1.0 251 16.5 09 033 13 19 -0.305 0.103
** Official baseball experience (years) 126 74 2.5 251 6.6 22 <0.001 1 9 0.306 1.329
** Started age (years) 125 89 23 251 9.8 2.1 <0.001 7 14 -1418 -0452
Height (cm) 127 1739 6.2 251 1737 59 0.79 158 192 -1.136 1494
BMI (kg/mz) 127 230 29 251 233 3.0 0.49 174 351 -0.848 0.407
** Shoulder total rotation angle (°) 126 155.1 278 242 164.1 293 0.01 135 185 -15.25 -2.800
Shoulder ER (°) 126 100.4 334 240 102.3 321 0.59 65 100 -9.105 5.163
**Shoulder IR (°) 126 54.7 279 240 61.8 29.2 0.02 55 105 -13.230 -0951
** Elbow total arm angle (°) 114 1343 85 212 1364 8.2 0.03 110 145 -4.001 -0.154
Table 4a Analysis of elbow structural abnormalities of the fielders
Elbow structural abnormali- Elbow structural abnor-
ties + malities -
n Mean SD n Mean SD P  Min Max 95% Confidence
level
Age (years) 67 162 09 142 164 09 011 13 18 -0478 0.051
Official baseball experience (years) 67 7.1 27 142 6.5 22 012 1 7 -0.159 1319
Started age (years) 67 9.1 26 142 99 21 030 9 14 -1.513 -0.074
Height (cm) 67 1725 56 142 1722 58 067 158 182 -1.306 2.020
BMI (kg/mz) 67 228 32 142 235 32 013 174 342 -1.645 0.209
Shoulder total rotation angle (°) 66 161.0 252 132 166.1 303 021 155 180 -13.600 341
Shoulder ER (°) 66 1041 334 132 1031 323 084 80 100 -8850 10.839
Shoulder IR (°) 66 570 325 132 631 292 020 60 105 ~-15.568 3.204
Elbow total arm angle (°) 58 1350 7.77 123 1358 70 050 110 145 -3.2201 1.569

stride length was associated with the body height of
pitchers [21, 22]. A study analyzing Major League Base-
ball (MLB) players between 1985 and 2002, and dem-
onstrated a significant correlation between body height
and becoming specifically an established MLB start-
ing pitcher [23]. This finding may denote the preference
of coaches for selecting taller players to be pitchers. As
for greater elbow ROM, the momentum and spin of the
baseball were largely generated in the late cocking, accel-
eration, and deceleration phases of throwing [24]. As a
result, with greater elbow ROM, the thrower could gen-
erate a higher spin rate and velocity on the pitch, which
would be advantageous for being a pitcher [25].

Several studies have addressed the relationship
between ROM and elbow injuries in baseball players [12,
19, 26]. In this study, we chose ultrasonographic struc-
tural abnormalities of players’ elbows as our grouping
standards. In our analysis of elbow structural abnormali-
ties, younger starting ages and more experience in official
baseball were significant risk factors for pooled players
and pitchers, respectively. Despite the recommendation
that young pitcher should participate in sports other than
baseball, and should avoid throwing too many pitches
during training or competitions [27, 28], some young

pitchers today are subjected to early sports specialization
and increased training loading in order to meet extreme
performance demands [29]. According to a descriptive
epidemiology study of 2006—2016, elbow pathology was
becoming more prevalent and the mean age of elbow
injured players was decreasing [30]. Moreover, greater
pitch volume and excessive competition experience with-
out adequate rest gave rise to overuse injuries [31]. In a
cross-sectional study of 2019 youth baseball competition
in the USA, noncompliance with Pitch Smart guidelines
from MLB, which was a regulation concerning train-
ing programs and pitch volume restriction designed for
young baseball players [32], occurred in more than 90%
of teams and almost half of all pitchers [33]. In our study,
players that started to play baseball younger and pitch-
ers that were recruited in official baseball trainings for a
longer time were prone to have elbow ultrasonographic
structural abnormalities, which may be a precursor of
elbow injures [34], demonstrating the severity of overuse
injuries in youth baseball players.

Repetitive stress of pitching leads to excessive shear
forces on the medial aspect of the olecranon tip and olec-
ranon fossa, lateral radio-capitellar compression, poste-
rior extension overload, and medial tension at the UCL
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Table 4b Analysis of elbow structural abnormalities of the pitchers

Elbow structural abnormalities -

Elbow structural abnormalities +

95% Confidence level

-0.295
0.369

-1.729
-2.288
-0450

Max

Min

SD

Mean

sD

Mean
16.5
7.8
8.7

0.339
1.776

-0450

13
3
7

0.89

1.0
2.3

<0.001
<0.001
0.76
0.36
0.01
0.33
0.05
0.03

14

1

35.1

29

5.5
2.8

1.673
1219
-4002
5.296
-0079
-0426

92

158

174

-22.133
-15.577
-15.776
-6.746

185
1
1
1

135
65

28.1

161.6

00
05
45

320

1014
60.2

55

293
9.5

1.0
2.2

59
59
58
60
60

Age (years)

** Official baseball experience (years)

** Started age (years)

Height (cm)

1.9

6.6
26

1754
233

BMI (kg/m?)

29.2

1485
96.3

60

** Shoulder total rotation angle (°)

Shoulder ER (©)

332

60
60
56

21.7
9.2

523

Shoulder IR (°)

137.2

89

133.6

** Elbow total arm angle (°)
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[35-37]. These mechanisms causing valgus stress over-
load may lead to elbow structural abnormalities such as
osteophyte formation, loose bodies from fragmentation,
and laxity of the UCL, which may give rise to decreased
elbow ROM [38, 39]. Several studies have highlighted the
difference in ROM between the dominant and non-domi-
nant elbow, with the dominant side possessing decreased
ROM [40]. A study revealed that passive range of motion
of the throwing elbow significantly decreased shortly
after pitching activity, which may be a result of eccentric
muscle contractions contributing to acute musculoten-
dinous adaptations [12]. In our study, lower total elbow
ROM was a significant risk factor for pooled players and
pitchers.

Decreased shoulder ROM with elbow injuries has been
reported in several studies [19, 41, 42]. Glenohumeral
internal rotation deficit (GIRD) has been regarded as
an important risk factor for shoulder injuries in throw-
ing athletes [43—45]. In a retrospective study conducted
by Dines et al.,, there was a positive correlation between
GIRD and UCL insufficiency [46]. Moreover, some recent
studies revealed that decreased shoulder total range of
motion (TROM) was also related to elbow injuries [26].
There have been lots of proposed reasons for this adapta-
tion of TROM decrease on throwing shoulders, includ-
ing osseous adaptation [45, 47, 48], muscular tightness
[49], scapular position, and capsular restriction [50].
Wilk et al., who first introduced the shoulder total rota-
tion concept, in which the amount of shoulder ER and IR
at 90° of abduction are added together, emphasized that
a decreased total rotation as a risk factor for shoulder
injury in several of their studies [18, 51]. In our study, the
univariate analysis did demonstrate that a lower shoulder
IR was significantly related to elbow structural abnor-
malities in pitchers and in all players being pooled, which
correlated the results being reported in several previous
articles [52]. However, shoulder IR was not a significant
risk factor in our multivariate model. Particularly, in
both univariate and multivariate analyses, in shoulders a
decreased total rotational angle was significantly related
to elbow structural abnormalities on ultrasonography,
which echoes the results of several recent studies [26].

Although our study did not provide a definite diagnosis
of injury, we found some relationship between decreased
shoulder/elbow ROM and elbow structural abnormalities
in ultrasonography. Ultrasonographic findings of abnor-
malities have been regarded as pre-injury status among
youth baseball players in several studies [5, 15, 34]. Other
diagnostic tools, such as MRI, which require players to
spend a great amount of time going to the hospital to
undergo the examination, are difficult to apply for young
players as a routine checkup because it is time-consum-
ing and expensive. Conversely, regular checkups for
shoulder and elbow ROM and ultrasonography are more
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OR

All players pooled

** Official baseball experience (years) 1.154 1.038
**Younger age at starting (years) 1.202 1.064
** Lower total shoulder rotation angle (°) 1.007 1.000
** Lower total elbow arm angle (°) 1.052 1.017
Pitchers

** Official baseball experience (years) 1.342 1.098
** Lower total shoulder rotation angle (°) 1.016 1.004
** Lower total elbow arm angle (°) 1.075 1.024

95% Cl Max Min P
1.283 9 1 0.008
1357 7 14 0.003
1.014 185 110 0.050
1.088 150 110 0.003
1.640 9 3 0.004
1.027 185 135 0.006
1.129 145 110 0.004

feasible for most players to prevent early injuries. We
believe that the results of our study provide evidence to
examine young players in a simple way by not only physi-
cians and surgeons, but also coaches and players.

Our study has several limitations. First, this study was
retrospective; therefore, we could only confirm the corre-
lation instead of a precise causal relationship between the
recognized risk factors and elbow structural abnormali-
ties. Second, physical and ultrasonographic examinations
were not performed on the same day among players, so
these players may have been in different phases of the
season, which may have influenced the results. Addition-
ally, the shoulder physical examinations were conducted
in non-functional positions. Compared to the players’
functional positions, their ROM might be influenced
accordingly. Lastly, there was no follow-up on the status
of these players, so we may not have confirmed the final
injury status of the players with structural abnormalities.

Conclusion

This study found that our enrolled pitchers had taller
body height and greater elbow arm angle. Longer experi-
ence of official baseball attendance, lower total rotation
angle of shoulders, and lower total arm angle in elbows,
especially in the subgroup of pitchers, had an increased
risk of ultrasonographic elbow structural abnormalities.
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