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Elbow or shoulder injuries are common in overhead sports. Because energy derived from the lower
extremity passes through the trunk to the upper extremity in overhead motion, a break in such a kinetic
chain could lead to arm injuries. However, there is only limited information about the role of the trunk and
lower extremity support in preventing elbow or shoulder injuries. This study aimed to explore the
association of trunk and lower extremity pain with elbow/shoulder pain among young overhead athletes.
We conducted a cross-sectional study using self-reported questionnaires mailed to young athletes
belonging to the Miyagi Amateur Sports Association. The final study population comprised 2,215 young
athletes playing baseball (n = 1,422), volleyball (n = 546), softball (n = 14), handball (n = 28), tennis (n =
110), or badminton (n = 95). The median age of the participants was 11 years (range: 6 to 15 years).
Multiple logistic regression analysis revealed the higher prevalence of elbow and/or shoulder pain in
athletes with back pain (OR = 5.52, 95% CI = 3.51-8.69), hip pain (OR = 6.13, 95% CI = 3.35-11.22), knee
pain (OR = 2.28, 95% CI = 1.48-3.51), and foot pain (OR = 3.03, 95% CI = 1.95-4.72), compared with those
without pain. We propose that trunk or lower extremity pain is significantly associated with elbow or
shoulder pain among young overhead athletes. Assessing for pain in trunk or lower extremity, as well as
elbow and/or shoulder pain, may help prevent serious injuries in young overhead athletes.
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Introduction

Elbow and/or shoulder injuries are common in over-
head sports such as baseball, volleyball, handball, and ten-
nis (Lyman et al. 2001, 2002; Connor et al. 2003;
Andersson et al. 2017). Continuing to play overhead sports
with symptoms in the arm has previously been linked to
serious arm injuries (e.g., medial collateral ligament inju-
ries (Chen et al. 2001), osteochondritis dissecans in the
elbow (Koh and Dietz 2005; Furushima et al. 2015), rotator
cuff tears (Braun et al. 2009), and superior labrum anterior-
posterior lesions in the shoulder (Han et al. 2009), and
elbow and shoulder surgeries among young players has
increased annually (Fleisig et al. 2011)). The elbow and
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shoulder are subjected to considerable forces, acceleration,
and repetitive stress (Kibler 1993; Limpisvasti et al. 2007),
which are assumed to induce their injuries. Numerous
intrinsic and extrinsic factors including age (Lyman et al.
2001), muscle weakness around the shoulder (Trakis et al.
2008; Edouard et al. 2013), level of competition (Pluim et
al. 2006), and frequency and volume of play (Pluim et al.
2006) have been reported as risk factors for elbow and
shoulder injuries in overhead athletes. Due to the potential
risk for elbow and shoulder injuries, some authors have
suggested that young athletes should be limited in their par-
ticipation of sports (Lyman et al. 2002; Petty et al. 2004).
During the overhead motion of baseball throwing, vol-
ley ball spiking, and tennis serving, the elbow and shoulder
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form part of the kinetic energy chain (Kibler 1995;
MacWilliams et al. 1998; Burkhart et al. 2003; Forthomme
et al. 2005). The concept of the kinetic chain is that coordi-
nated motion derives energy from the lower extremity
through the trunk up to the upper extremity (Burkhart et al.
2003). Imbalance at any point of the kinetic chain could
affect elbow and shoulder injuries (Reinold et al. 2010).
Several studies have reported that biomechanical dysfunc-
tion of the trunk or lower extremities, involving core stabil-
ity, hip range of motion, and foot posture, are related to
elbow and shoulder injuries among various high-level adult
athletes (Scher et al. 2010; Feigenbaum et al. 2013;
Chaudhari et al. 2014; Pontillo et al. 2014). However, there
is little evidence focusing on the association between lack
of sufficient support in the trunk or lower extremities and
injuries to the elbow and shoulder among young athletes.
One study reported no association of core muscle endur-
ance with elbow and shoulder injuries in junior high school
baseball players (Endo and Sakamoto 2014). Although low
back pain and knee pain were significantly associated with
elbow and shoulder pain among young baseball players,
data regarding hand dominance and other pain locations
were not included (Sekiguchi et al. 2016). Considering the
kinetic chain, it is important to investigate the association
of symptoms in the trunk (including the back and the hip)
and lower extremities (including the knee and the foot) with
pain in the elbow and shoulder among other overhead ath-
letes, as well as among baseball players. The purpose of
this study was to investigate the association of trunk or
lower extremity pain with pain in the elbow and/or shoulder
among young overhead athletes.

Methods

Participants

The study protocol was reviewed and approved by the Ethics
Committee on Research of Human Subjects at the Tohoku University
Graduate School of Medicine (approval number: 2013-1-564).
School-aged athletes belonging to the Miyagi Amateur Sports
Association, established with the aim of promoting youth health
through various sports, participated in the study (Sekiguchi et al.
2016). This organization held contact information for 25,469 regis-
tered athletes and their parents. Self-reported questionnaires and
informed consent documents were mailed to all registered athletes in
October, 2014. In December, 2014, a total of 7,333 athletes had
replied with both written informed consent and a completed question-
naire (response rate: 28.8%). Respondents who did not play overhead
sports, which include baseball, softball, handball, tennis, badminton,
or volleyball (n = 4,548) or who played both these sports and other
sports (n = 34) were excluded from this study. Furthermore, partici-
pants with missing data were excluded (n = 536). The final study
population comprised 2,215 young athletes (Fig. 1). In this study, we
included the same baseball players as in a previous study (Sekiguchi
etal. 2016).

Pain information

Musculoskeletal pain was assessed using the self-reported ques-
tionnaire. The question regarding the presence of pain was as fol-
lows: “Do you have pain in any part of your body now? If yes, please
identify the location of the pain (multiple choices are permitted).”
The anatomical areas and names were illustrated using a drawing.
Participants who identified the dominant side of the shoulder and
elbow were regarded as having elbow and/or shoulder pain present;
whereas participants who identified pain in the back/low back, hip,
knee, and ankle-foot regions were regarded as having pain present in
the back, hip, knee, and foot, respectively.

Participants belonging to
Miyagi Junior Sports-club Association
(n=25,469)

| Questionnaire respondents (n =7,333)

Excluded (n =4,582)
*Not playing overhead sports (n = 4,548)
*Playing other sports (n = 34)

Overhead sports athletes (n =2,751) |

e

Excluded missing data (n = 536)

Data available for analysis (n =2,215) |

Fig. 1. Flowchart of this study.
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Covariates

Sex, age, body mass index (BMI), years of athletic experience,
competitive level, the type of sport, the number of hours spent train-
ing per day on weekdays and weekends, the number of days spent
participating in sports activities per week, practice intensity, and sleep
duration were evaluated using the self-reported questionnaire. The
following continuous variables were divided into categories, accord-
ing to distribution and clinical significance, as follows: age was cate-
gorized into three groups (6 to 9 years, 10 and 11 years, and 12 to 15
years); number of years of experience playing the sports into three
groups (< 1, 1 to Pain < 3, and > 3 years); number of hours in practice
per day on weekdays and weekends into two groups (on weekdays:
< 2 and > 2 hours, on weekends: <4 and > 4 hours); number of days
participating in team practice and game(s) per week into three groups
(£2,3to4, and 5 to 7 days); and sleeping duration into three groups
(£8,>81t09, and > 9 hours).

Pre-coded questions including competitive levels (national
competition, Tohoku distinct competition, prefectural competition,
local competition, and recreation only), type of sport (baseball, soft-
ball, handball, tennis, badminton, and volleyball), and the practice
intensity (hard and not hard) were also evaluated. The competitive
level was categorized into two groups according to the following dis-
tribution: high level; “prefectural competition or higher” and low;
“local competition or recreation level only.”

Statistical analysis
Continuous variables were presented as medians with an inter-

quartile range (IQR), and categorical variables were presented as a
percentage (%). First, multiple logistic regression analysis was con-
ducted to examine the association between pain in the trunk and
lower extremities (back, hip, knee, and foot) and elbow and/or shoul-
der pain. The odds ratio (OR) and 95% confidential intervals (95%
CI) for the presence of elbow and/or shoulder pain were calculated
after simultaneous adjustment for potential covariates.

Variables considered in the models were sex (male or female),
age (6 t0 9, 10 and 11, or 12 to 15 years), BMI (continuous variable),
years of athletic experience (< 1, 1 to < 3, or > 3 years), the partici-
pant’s sport (baseball, softball, handball, tennis, badminton, or vol-
leyball), competitive level (low or high), amount of practice per day
on weekdays (< 2 or > 2 hours) and weekends (< 4 or > 4 hours),
number of days participating in team practices and number of games
per week (< 2, 3 and 4, or > 5 days), practice intensity (hard or not
hard), sleeping duration (< 8, > 8 to 9, or > 9 hours), and the presence
of back, hip, knee, and foot pain, respectively. To check for potential
collinearity between exposures and covariates, we calculated the vari-
ance inflation factors (VIFs).

All statistical analyses were performed with SPSS version 24.0
(SPSS Japan Inc., Tokyo, Japan). All tests were 2-tailed, and P < 0.05
was considered statistically significant.

Results

Basic characteristics of the participants are shown in
Table 1. The median age of the participants was 11 (IQR,

Table 1. Basic characteristics of young overhead athletes (n = 2,215).

Variables Categories Median (IQR) Number (Percentage)
Sex Male 1,583 (71.5)
Female 632 (28.5)
Age (years) 11.0 (10.0-12.0)
6t09 453 (20.5)
10 and 11 915 (41.3)
12to 15 847 (38.2)
BMI 17.7 (16.1-19.5)
Experience (years) <1 340 (15.3)
lto<3 1,164 (52.6)
>3 711 (32.1)
Types of sports Baseball 1,422 (64.2)
Softball 14 (0.6)
Handball 28 (1.3)
Tennis 110 (5.0)
Badminton 95 (4.3)
Volleyball 546 (24.7)
Competitive level Low 1,351 (61.0)
High 864 (39.0)
Practice per day weekdays (hrs) 2.0 (1.0-2.3)
<2 1,656 (74.8)
>2 559 (25.2)
Practice per day weekends (hrs) 4.0 (3.0, 6.0)
<4 1,185 (53.5)
>4 1,030 (46.5)
Training per week (days) 3.0 (2.0-4.0)
<2 726 (32.8)
3to4 1,030 (46.5)
5t07 459 (20.7)
Practice intensity Not hard 1,401 (63.3)
Hard 814 (36.7)
Sleep duration (hrs) 8.9 (8.3-9.3)
<8 391 (17.7)
>81t09 1,036 (46.8)
>9 788 (35.6)
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10-12) years. The median height and weight were 145.0
(IQR, 137.0-154.0) cm and 38.0 (IQR, 31.0-45.0) kg,
respectively.

The prevalence of pain in the elbow and/or shoulder
comprised 10.2% (n = 225), in the elbow 5.3% (n = 119), in
the shoulder 6.5% (n = 143), and in both the elbow and
shoulder 1.7% (n = 37), respectively. The prevalence of
pain in the non-dominant elbow and shoulder was 0.8% (n
= 17) and 0.3% (n = 7), respectively. The prevalence of
pain according to the type of sports is shown in Table 2.
The prevalence of elbow and/or shoulder pain did not indi-
cate a statistically significant difference among the types of
sport.

Table 3 shows the association of pain in the trunk and
lower extremities with that in the elbow and/or shoulder as
assessed using logistic regression analyses. Among the ath-
letes, those who had pain in the back, hip, knee, and foot
comprised 44.7% (n = 63), 55.4% (n = 36), 30.4% (n = 58),
and 31.3% (n = 51), respectively. Adjusted ORs (95% CI)
for pain in the elbow/shoulder with that in the back were
5.52 (3.51-8.69), in the hip 6.13 (3.35-11.22), in the knee
2.28 (1.48-3.51), and in the foot 3.03 (1.95-4.72), respec-
tively. VIFs were low, ranging from 1.02 to 1.47, suggest-
ing that collinearity among the adjusted variables was not a
significant problem.

Discussion
The most important finding of this study was that the

prevalence of low back, hip, knee, or foot pain was signifi-
cantly higher among young overhead athletes with elbow
and/or shoulder pain. Furthermore, the pain in the elbow
and/or shoulder more frequently coexisted with the pain in
the back and hip, compared with the knee and foot.

Several studies have reported that dysfunction in the
trunk or lower extremities has a significant association with
elbow and shoulder injuries in adult overhead athletes
(Scher et al. 2010; Feigenbaum et al. 2013; Garrison et al.
2013; Chaudhari et al. 2014; Pontillo et al. 2014; Radwan
et al. 2014). Some studies have demonstrated that poor
core stability should be considered as a potential risk factor
for elbow and shoulder injuries (Garrison et al. 2013;
Chaudhari et al. 2014; Pontillo et al. 2014; Radwan et al.
2014). Other studies have shown an association between
hip range of motion, as well as foot posture, with elbow and
shoulder injuries. Scher et al. (2010) reported that domi-
nant hip extension and shoulder external rotation were inde-
pendently correlated with shoulder injuries in professional
baseball players. Further, Feigenbaum et al. (2013)
reported the association of an abnormal foot arch posture
with a history of elbow and shoulder surgeries in collegiate
and professional baseball pitchers. Among young athletes,
there is little evidence evaluating the association between
dysfunction of the trunk or lower extremities and elbow and
shoulder injuries. Although Endo and Sakamoto (2014)
reported no association of core muscle endurance with
elbow or shoulder injuries, the present study revealed sig-

Table 2. The prevalence of pain according to sport type (n =2,215).

Type of sport

Baseball Softball Handball Tennis Badminton Volleyball

1,422 14 28 110 95 546

Pain location presence, n n (%) n (%) n (%) n (%) n (%) n (%)

Elbow/shoulder 225 152(10.7) 1(7.1) 2(7.1) 12(10.9) 9(9.5 49 (9.0)
Back 141 61(43) 1(7.1) 5(17.9) 13(11.8) 6(63) 55(10.1)
Hip 65 37 (2.6) 0 4(143) 3Q7) 442 1730
Knee 191 89(63) 2(14.3) 8(28.6) 12(10.9) 14(14.7) 66(12.1)
Foot 163 79 (5.6) 0 5(17.9) 10(9.1) 17(17.9) 52(9.5)

Table 3. Association of pain in the trunk and lower extremities with that in the elbow and/or
shoulder among young overhead athletes (n = 2,215).

Elbow and/or shoulder pain

Pain location n presence, n (%) OR (95% CI)* Adjusted OR (95% CI)** P value
Back - 2074 162 (7.8) 1 1

+ 141 63 (44.7) 9.53 (6.59-13.78) 5.52(3.51-8.69) <0.001
Hip - 2150 189 (8.8) 1 1

+ 65 36 (55.4) 12.88 (7.72-21.48) 6.13 (3.35-11.22) <0.001
Knee - 2024 167 (8.3) 1 1

+ 191 58 (30.4) 4.85(3.43-6.86) 2.28 (1.48-3.51) <0.001
Foot - 2052 174 (8.5) 1 1

+ 163 51(31.3) 4.92 (3.41-7.09) 3.03 (1.95-4.72) <0.001

*Crude model.

**Adjusted for sex (male or female), age (6 to 9, 10 and 11, or 12 to 15 y), BMI (continuous
variable), years of athletic experience (< 1, 1 to <3, or > 3 y), types of sports (baseball, softball,
handball, tennis, badminton, or volleyball), competitivelevel (high or low), amount of practice
per day weekdays (< 2, or > 2 hrs) and weekends (< 4, or > 4hrs), training per week (< 3, 4 and
5, or 6 and 7 days), practice intensity (hard, or not hard), sleep dutation (< 8, > 8 to 9, or > 9
hrs), and the presence of back, hip, knee, and foot pain.
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nificant relationships between pain in the trunk or lower
extremities and pain in the elbow and/or shoulder among
young overhead athletes. This result is consistent with a
previous study that showed significant associations of pain
in the low back or knee with elbow and shoulder pain in
young baseball players (Sekiguchi et al. 2016). Possible
explanations for these associations are as follows. First,
repetitive overhead motion could affect all body parts not
only in the upper extremities but also in the trunk and lower
extremities. Overhead motion is a part of the kinetic chain
that produces energy from the lower extremity, through the
trunk, and subsequently releases it through the upper
extremities (MacWilliams et al. 1998; Burkhart et al. 2003;
Limpisvasti et al. 2007). Furthermore, the trunk and lower
extremities decelerate at the end of the motion (Matsuoka et
al. 1994), which can be assumed to induce more stress and
pain in the elbow and shoulder. Second, the disturbance of
the kinetic chain due to pain in the trunk or lower extremi-
ties could affect elbow and shoulder pain. Although a
causal relationship between pain in the trunk and lower
extremity and pain in the elbow and shoulder could not be
assessed in this study, it is well known that imbalance at
any point of the kinetic chain can influence elbow and
shoulder injuries (Burkhart et al. 2003; Reinold et al. 2010).
Pain in the trunk or lower extremities could be a possible
sign of disturbance in the kinetic chain; therefore, it is
important to pay attention to pain there, together with elbow
and shoulder pain.

Our study showed that the associations between pain
in the trunk (including back and hip) and that in the elbow
and shoulder have a much stronger connection than that in
the lower extremities (including the knee and foot). The
trunk are assumed to have important roles in generating
power during overhead motion (e.g., throwing a ball, serv-
ing a ball with and without racket, and spiking), with rota-
tion of the trunk, and tilting the spine regardless of ground
contact (Young et al. 1998; Elliott 2006; Fortenbaugh et al.
2009; Wagner et al. 2014). Some biomechanical studies
have demonstrated that the physical load on the trunk is
higher than that on other body parts (Happee and Van der
Helm 1995; Kibler 1995). The larger core muscles in the
body can generate greater force during the overhead motion
in serving in tennis (Kibler 1995). Kibler (1995) described
how the trunk generated 51% of the energy used during ten-
nis motions whereas the shoulder did 13% of the work. In
throwing motions, the periscapular and trunk muscles have
responsibility for approximately 85% of the muscle activa-
tion (Happee and Van der Helm 1995). These findings are
consistent with our results, and further research is needed to
evaluate the association of dysfunction in the trunk or lower
extremities with elbow and shoulder injuries in young over-
head athletes.

Our study has several implications. First, it was large
enough to evaluate the association of pain in the trunk or
lower extremities with that in the elbow and/or shoulder
among young overhead athletes. Second, our results

showed a strong association of the trunk or lower extremi-
ties with the upper extremities in young overhead athletes.
The disturbance of the kinetic chain might result in elbow/
shoulder pain even though there was not a cause and effect
relationship. It seems important therefore to check for pain
in the trunk or lower extremities to help prevent serious
injuries in young overhead athletes as well as in adult ath-
letes. In addition, the trunk may play an important role
among young overhead athletes. These results suggest that
further research on young athletes should take into consid-
eration the entire body and not just obviously injured areas.
There are several limitations to this study. First, because
this study design was cross-sectional, the effect of causal
relationships could not be assessed (e.g., trunk or lower
extremity pain resulting in elbow/shoulder pain). Second,
we assessed pain information using a self-reported ques-
tionnaire, and therefore the underlying pathology of pain
and pain-related disabilities was not evaluated. Third, there
was weakness in the reliability of the measured instrument
due to a lack of a test-retest. Finally, the response rate was
low (28.8%) and the present study may have been biased.
Future studies should improve the participant recruitment
process to increase generalizability and a prospective study
should be conducted to clarify previously identified issues.

In conclusion, the prevalence of pain in the trunk or
lower extremities was significantly higher among young
overhead athletes with pain in the elbow and/or shoulder.
The present study indicates that the pain in the trunk or
lower extremities is associated with the pain in the elbow
and/or shoulder among young overhead athletes.
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