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Introduction 
 
During throwing motion in baseball, the tractive 
force at the shoulder is generally 1.5–2 times the 
humeral angular speed at >7,000°/s, and the ro-
tary force at the shoulder is 1,400 inch-pounds (1-
2). These forces cause functional and structural 
changes in the shoulder joint as well as restriction 
of range of motion (ROM) of bone and soft tissue 
(3). In addition, frequent overhead motion while 

playing baseball results in abnormal symptoms, 
instability of the shoulder joint, and change in 
ROM due to tightness and/or a loosened articular 
capsule. Therefore, many authors have studied 
differences in ROM between dominant and non-
dominant shoulders (4). Brown et al. (5) and 
Bigliani et al. (1) reported that the dominant 
shoulder has a greater external rotation range of 
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(P<0.001) and dominant shoulder retroversion (P=0.009). In the BBP group, retroversion had no correlation with 
ROM and with IR or ER isokinetic strength (180°/s and 300°/s). In the OBP group, retroversion had no correlation 
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motion (EROM)—by 9–14°—as compared to the 
nondominant shoulder, whereas other researchers 
have shown that it has a smaller internal rotation 
range of motion (IROM) (6-8). These authors ex-
plained that changes in the soft tissue that occur 
over time consequently change the retroversion 
angle of the shoulder joint, resulting in the re-
striction of ROM. 
Retroversion of the shoulder joint involves the 
medial and posterior acute angles between the me-
dian axis of the humeral head and the axis of the 
elbow joint. Generally, the retroversion angle of 
the humeral head is 26–30°; however, radiography 
has shown that changes in shoulder joint ROM by 
twisting of the humeral head growth plate in-
creases the humeral retroversion angle. Moreover, 
Reagan et al. (4) reported that repeated twisting 
results in a decrease in muscle strength. 
In baseball, absolute flexibility of the shoulder 
joint is needed, because external rotation (ER) 
provides stability during throwing motion; how-
ever, excessive flexibility can result in injury owing 
to instability of the humeral head. Thus, to pre-
vent injury, structural and functional stability of 
the shoulder joint are needed; therefore, baseball 
players should stabilize their shoulder joints dur-
ing throwing motion. The shoulder joint is stabi-
lized by primary structures, including the articular 
capsule, glenohumeral ligament, and labrum. Sec-
ondary structures, including the rotator cuff, del-
toid, and biceps, also provide dynamic stabiliza-
tion to the fixed nerve root during throwing mo-
tion (9). The shoulder muscle is not well devel-
oped during childhood compared with that during 
adulthood; therefore, youth players experience 
frequent injuries of the shoulder joint owing to 
weak and unstable primary and secondary struc-
tures. In particular, epiphysitis, or ―little league 
shoulder,‖ occurs frequently in youth baseball 
players. 
Kibler et al. (10) found that significant increases in 
ER and significant decreases in internal rotation 
(IR) of the dominant shoulder shorten an athlete’s 
career and prevent their progress to higher levels 
in terms of skill and professional achievements. 
Many studies have documented consistent chang-
es in musculature, bone, and ROM of the domi-

nant shoulder of overhand-throwing athletes (3). 
These authors have attributed the difference in 
ROM to changes in the soft tissue enveloping the 
shoulder (4). 
Shoulder joint ROM and strength of the internal 
and external rotator muscles are important factors 
for preventing repetitive overuse syndrome and 
for rehabilitating athletes who experience this 
condition (11). Moreover, it is necessary to deter-
mine whether changes in the shoulder joint of 
youth players are caused by the soft tissue or hu-
meral retroversion by using radiography, in order 
to evaluate IROM and EROM (8). However, few 
authors have studied structural changes in the 
dominant shoulder and strength of the internal 
and external rotator muscles according to the du-
ration of the baseball career. 
Thus, we investigated the differences in humeral 
retroversion, ROM, and isokinetic strength of the 
dominant shoulder in youth baseball players to 
provide basic data for a shoulder strengthening 
program in youth baseball training and analyzed 
the correlations between humeral retroversion and 
ROM and isokinetic strength. 
 

Methods 
 
Subjects 
This study analyzed 40 elite youth baseball players 
who had visited SM Sports Rehabilitation Clinic in 
B City, Korea. They were classified into 2 groups: 
players with a baseball career spanning >10 years 
(OBP group, n = 20) and players with a baseball 
career spanning <10 years (BBP group, n = 20). 
The subjects had no medical problems, received 
an explanation of  the study, and signed an in-
formed consent form. All study procedures were 
approved by SM Sports Rehabilitation Clinic. 
The average ages of  participants in the OBP and 
BBP groups were 19.37 ± 2.21 and 16.55 ± 1.36 
years, average heights were 181.00 ± 5.41 and 
177.27 ± 7.57 cm, average weights were 84.58 ± 
7.85 and 77.27 ± 8.14 kg, and average career dura-
tions were 12.04 ± 0.54 and 5.12 ± 1.90 years, re-
spectively. The characteristics of  the subjects are 
shown Table 1. 
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Table 1: Subject characteristics 
 

Male (N = 40) Age, years Weight, kg Height, cm Career, years 

OBP (n = 20) 19.37 ± 2.21 84.58 ± 7.85 181.00 ± 5.41 12.04 ± 0.54 
BBP (n = 20) 16.55 ± 1.36 77.27 ± 8.14 177.27 ± 7.57 5.12 ± 1.90 

 Values are expressed as mean ± standard deviation. / Abbreviations: OBP, career spanning >10 years as an 
elite youth baseball player; BBP, career spanning <10 years as an elite youth baseball player 

 

Radiography of the shoulder joint 
Radiography of the humerus in the semi-axial 
view was conducted by an expert for evaluating 
shoulder retroversion, as described by Osbahr et 

al. (12) who had modified the method by Sӧder-
lund et al. (13). In the supine position, the subject 
grabbed the fixture at 90° flexion and 10° abduc-
tion of the shoulder joint and 90° flexion of the 
elbow joint (Fig. 1). Simultaneously, the subject 
maintained his forearm at 0° to avoid pronation 
or supination. The radiograph cassette was placed 
behind the shoulder and elbow, and a vertical shot 
was taken. Retroversion was defined as the angle 
between the vertical line to the humeral head and 
the epicondylar axes (in degrees). 
 

 
 

Fig. 1: The subject is placed in the supine position, 
and grabs the fixture with 90° flexion and 10° abduc-
tion of the shoulder joint and 90° flexion of the elbow 
joint 

Measurement of IROM and EROM of the 
shoulder joint 
First, the subject was asked to maintain a supine 
position with 90° flexion of the shoulder joint, 90° 
flexion of the elbow joint, and 0° of the forearm 
and to avoid pronation or supination. Thereafter, 
the subject was asked to relax the forearm on the 
table but not the elbow joint. The humerus was 
placed horizontal to the acromion process by 
placing a pad under the humerus. The pin hole of 
the protractor was placed on the olecranon pro-
cess with the anchor arm perpendicular to the 
ground and the adjustable arm fixed to the ulna 
based on the olecranon process and the ulnar sty-
loid. The largest extent of IROM of the shoulder 
was measured by moving the forearm toward the 
front with the palm facing the ground, whereas 
the largest extent of EROM of the shoulder was 
measured by moving the forearm backward. 
 

Evaluation of IR and ER isokinetic strength 
of the shoulder joint 
The Cybex 770 Model (Division of Lumex, Inc., 
NY, USA) was used to evaluate IR and ER isoki-
netic strength of the shoulder. The subjects per-
formed tests at 180°/s and 300°/s, 4 times in the 
supine position, with 90° flexion of the shoulder 
joint and 90° flexion of the elbow joint. During 
the test, the subject’s trunk was anchored by a belt, 
and a dynamometer was attached to the exercising 
arm. There were 3 practice tests, and sufficient 
resting time was provided before the test. The 
tests for the nondominant shoulder were per-
formed before those for the dominant shoulder, 
and auditory feedback using a voice was provided 
to encourage maximal strength. 
 

Statistical analysis 
Statistical analysis was conducted using SPSS Ver. 
18.0 for Windows (Chicago, IL, USA). The char-
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acteristics of the subjects were analyzed by de-
scriptive statistics, the normality of all measured 
values was tested using the one-sample Kolmogo-
rov-Smirnov test, and homoscedasticity was evalu-
ated using Levene’s variance F test. In addition, an 
independent t test was conducted for the variables 
in each group, whereas the relationships between 
retroversion and ROM and isokinetic strength 
were analyzed using Pearson’s correlation analysis. 

Statistical significance was set at ⍺ < 0.05. 
 

Results 
 

Analysis of retroversion and ROM 
The results of shoulder retroversion, IROM, and 
EROM in the 2 groups are shown in Table 2. 
There was a significant difference in retroversion 
(P = 0.009) between the OBP and BBP groups 

(37.82 ± 5.15 Nm vs. 31.50 ± 1.23 Nm). IROM 
was 54.55 ± 10.56 Nm in the OBP group and 
56.63 ± 7.86 Nm in the BBP group, whereas 
EROM was 144.79 ± 3.90 Nm in the OBP group 
and 140.55 ± 1.54 Nm in the BBP group. The 
differences in ROM were not significant between 
the 2 groups. 
 
Analysis of isokinetic strength 
The results of IR and ER isokinetic strength are 
shown in Table 3. The OBP and BBP groups 
showed significant differences in IR at 180°/s 
(28.00 ± 4.98 Nm vs. 19.29 ± 4.73 Nm, P < 
0.001), IR at 300°/s (24.42 ± 5.56 Nm vs. 17.00 ± 
4.12 Nm, P = 0.001), ER at 180°/s (19.53 ± 3.13 
Nm vs. 13.73 ± 2.28 Nm, P < 0.001), and ER at 
300°/s (16.21 ± 3.19 Nm vs. 10.82 ± 2.56 Nm, P 
< 0.001).  

 
Table 2: Analysis of retroversion and ROM in the OBP and BBP groups 

 

Trial OBP (n = 20) BBP (n = 20) t P-value 

Retroversion, Nm 37.82 ± 5.15 31.50 ± 1.23 -2.790 0.009** 
IROM, Nm 54.55 ± 10.56 56.63 ± 7.86 -0.617 0.542 
EROM, Nm 144.79 ± 3.90 140.55 ± 1.54 -0.301 0.766 

Values are expressed as mean ± standard deviation. ** P < 0.01 
Abbreviations: ROM, range of motion; OBP, career spanning >10 years as an elite youth baseball player; BBP, career 
spanning <10 years as an elite youth baseball player; IROM, internal rotation range of motion; EROM, external rota-
tion range of motion 

 
Table 3: Analysis of isokinetic strength in the OBP and BBP groups 

 

Trial OBP (n=20) BBP (n=20) t P 

IR 180°/s, Nm 28.00 ± 4.98 19.29 ± 4.73 -4.700 <0.001*** 
IR 300°/s, Nm 24.42 ± 5.56 17.00 ± 4.12 -3.840 0.001** 
ER 180°/s, Nm 19.53 ± 3.13 13.73 ± 2.28 -5.350 <0.001*** 
ER 300°/s, Nm 16.21 ± 3.19 10.82 ± 2.56 -4.770 <0.001*** 

Values are expressed as mean ± SD. ** P < 0.01. *** P < 0.001 
Abbreviations: OBP, career spanning >10 years as an elite youth baseball player; BBP, career spanning <10 years as 
an elite youth baseball player; IR, internal rotation; ER, external rotation 

 
Correlations of retroversion and ROM and 
isokinetic strength 
The correlations of retroversion and ROM and 
isokinetic strength are shown in Table 4. In the 
OBP group, no correlation was noted between 
retroversion and ROM (IROM: r = 0.104, P = 
0.584; EROM: r = -0.044, P = 0.816) and ER iso-

kinetic strength at 180°/s (r = 0.360, P = 0.050), 
but significant correlations were noted between 
retroversion and IR isokinetic strength at 180°/s 
(r = 0.483, P = 0.007), IR isokinetic strength at 
300°/s (r = 0.373, P = 0.043), and ER isokinetic 
strength at 300°/s (r = 0.366, P = 0.046). In the 
BBP group, there was no correlation between ret-
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roversion and ROM (IROM: r = -0.172, P = 
0.364; EROM: r = 0.334, P = 0.072), IR isokinetic 
strength at 180°/s (r = -0.044, P = 0.818), IR iso-
kinetic strength at 300°/s (r = -0.016, P = 0.935), 

ER isokinetic strength at 180°/s (r = -0.123, P = 
0.516), and ER isokinetic strength at 300°/s (r = -
0.263, P = 0.160). 

 
Table 4: Correlations among retroversion, range of motion, and isokinetic strength in the OBP and BBP groups 
 

Retroversion Trial IROM EROM IR 180°/s IR 300°/s ER 180°/s ER 300°/s 

OBP (n = 20) 0.104 -0.044 0.483** 0.373* 0.360 0.366* 
BBP (n = 20) -0.172 0.334 -0.044 -0.016 -0.123 -0.263 

* P < 0.05. ** P < 0.01/Abbreviations: OBP, career spanning >10 years as an elite youth baseball player; BBP, career 
spanning <10 years as an elite youth baseball player; IROM, internal rotation range of motion; EROM, external rota-
tion range of motion; IR, internal rotation; ER, external rotation 

 

Discussion 
 
Tullos & King (14) reported that a larger EROM 
results in a faster throwing speed in overhead-
throwing baseball players. However, players who 
pitch frequently can develop instability and pain 
due to lack of shoulder ROM, a loosened articular 
capsule, and lower flexibility (15). Increased ER of 
the dominant shoulder joint is the result of physi-
ologic change in soft tissue; in particular, a 
stretched coracohumeral ligament increases ER 
and loosens the capsule. IR of the dominant 
shoulder decreases owing to extension of the an-
terior articular capsule and tightness of the poste-
rior articular capsule as well as microdamage 
caused by repetitive throwing motion (1). 
However, it is not certain whether these results 
are due to changes in the soft tissue or retrover-
sion through bone adaptation to throwing motion. 
Moreover, retroversion of the humerus may de-
crease IR and may increase ER of the shoulder 
joint. Osbahr et al. (12) reported that in a univer-
sity baseball player, increased ER in retroversion, 
as observed on radiography, was caused by twist-
ing of the humerus growth plate. Reagan et al. (4) 
reported a similar condition in a university base-
ball player.  
Yamamoto et al. (16) studied 66 elementary 
school baseball players and reported that they had 
a smaller bicipital-forearm angle in the dominant 
arm, which increased ER and retroversion. This 
result indicates that the dominant shoulder tends 
to have a larger retroversion compared with the 

nondominant shoulder. Retroversion that occurs 
during the elementary, middle, and high school 
years is assumed to be caused by changes in the 
growth plate and soft tissue of the shoulder joint 
during the growth period. Previous studies on 
shoulder joint ROM in baseball players have re-
ported that the IROM decreased and EROM in-
creased in the dominant shoulder, which causes 
asymmetrical ROM of the rotator cuff (1, 5, 17-18). 
Crockett et al. (7) measured the scapular plane in 
90° abduction in baseball players and reported 
that IROM had decreased and EROM had in-
creased in the dominant shoulder of baseball play-
ers, but these changes were not different when 
compared with IROM and EROM as well as over-
all ROM in nonplayers. William et al. (19) divided 
baseball players into groups according to age (8–
12 years, 13–14 years, and 15–28 years) and found 
that ER was larger in the dominant shoulder and 
IR was larger in the nondominant shoulder as age 
increased. 
Crockett et al. (7) reported increased ER and de-
creased IR after 12 years of age, and stated that 
this change results from retroversion of the hu-
meral head. Furthermore, the period of 13–16 
years of age, during which the growth plate of the 
humeral head opens, is a window of opportunity 
for baseball players because the increase in ER has 
a positive effect on pitching. Lyman et al. (20) re-
ported that ―little league shoulder‖ is caused by 
overuse, and is considered a kind of stress fracture 
of the growth plate. In addition, they reported that 
at approximately 14 years of age, there is a strong-
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er relationship between the frequency of pitching 
and strength, and better players have a larger ret-
roversion. In the present study, there was a signif-
icant difference in retroversion between the group 
with a career spanning >10 years and the group 
with a shorter career, with a larger retroversion 
observed in players with longer careers. 
Our results showed a larger retroversion in players 
with longer careers but no significant difference in 
IROM or EROM; these results are contradictory 
of those of previous studies. It is believed that 
there is some extent of tightness as young individ-
uals age, and that retroversion—affected by the 
flexibility of the shoulder joint—does not restrict 
ROM. 
The rotator cuff’s function is to move the shoul-
der joint, fix the humeral head, and stabilize the 
joint. It also controls against the changes in the 
joint and protects the glenoid labrum and articular 
capsule (21). The strength of the rotator cuff is 
important for the prevention of injury as well as 
for performance in baseball players. Ellenbecker 
et al. (11), who studied isokinetic rotation strength 
in pitchers, and Cook et al. (22) reported that the 
ratio between IR and ER strength was smaller in 
the dominant shoulder of university baseball play-
ers. In addition, Hinton (23) reported that IR 
power was greater than ER power in the domi-
nant shoulder of high school baseball players, 
whereas Brown et al. (5) reported that major 
league players had significantly higher IR than ER 
of the dominant shoulder at 180, 240, and 300°/s. 
Ivey et al. (24) reported no significant difference 
in rotation strength of the dominant shoulder of 
nonplayer university students compared with play-
ers, but that the rotation strength of nonplayers 
increased in the dominant shoulder. 
Starkey & Ryan (21) reported that the ratio be-
tween IR and ER strength at 60°/s was 76.7% in 
the dominant shoulder and 88% in the nondomi-
nant shoulder, whereas Ellenbecker et al. (11) re-
ported that the ideal ratio is 66%, and that the ra-
tio changes when the shoulder joint is unstable. 
Ellenbecker et al. (11) also recommended that the 
ratio increases by 10% when the anterior-inferior 
glenohumeral joint is unstable. In the present 
study, there was a significant difference between 

the OBP and BBP groups with regard to IR at 
180°/s, IR at 300°/s, ER at 180°/s, and ER at 
300°/s. These results correspond to those of a 
previous study that reported that the dominant 
shoulder has higher strength and larger retrover-
sion as age increases, which improves isokinetic 
rotation strength. We also determined a significant 
correlation between retroversion and isokinetic 
rotation strength, which seems to indicate that 
increased retroversion increases isokinetic rotation 
strength. This study is limited in that there is a 
time gap of 7–11 years in the initial age when per-
forming sports activity between the OBP and 
BBP groups. Therefore, a better designed study is 
needed. 
 

Conclusion 
 
The present study is a pilot approach to elucidate 
initial evidence that would help research groups to 
appropriately establish an original investigation. 
According to our results, the BBP group had a 
smaller retroversion compared with the OBP 
group, and there was a significant difference be-
tween the groups in isokinetic strength at each 
angular speed. We also determined a significant 
correlation between retroversion and isokinetic 
strength. Because retroversion was found to in-
crease with increase in the length of career, early 
strength training is needed to minimize this retro-
version difference. 
 

Ethical considerations 
 
Ethical issues (Including plagiarism, Informed 
Consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission, 
redundancy, etc) have been completely observed 
by the authors. 
 

Acknowledgements 
 
This work was supported by a special research 
grant from Seoul Women's University (2013). The 
authors declare that there is no conflict of interest. 

 



Iranian J Publ Health, Vol. 43, No.2, Feb 2014, pp. 178-184 

184                                                                                                       Available at:    http://ijph.tums.ac.ir                         

References 
 

1. Bigliani LU, Codd TP, Connor PM (1997). Shoul-
der motion and laxity in the professional base-
ball player. Am J Sports Med, 25 (5): 609-613. 

2. Fleisig GS, Dillman CJ, Andrews JR (1989). 
Proper mechanics for baseball pitching. Clin 
Sport Med, 1: 151-170. 

3. Pieper HG (1998): Humeral torsion in the throw-
ing arm of handball players. Am J Sports Med, 
26 (2): 247-253. 

4. Reagan KM, Meister K, Horodyski MB, Werner 
DW, Carruthers C, Wilk K (2002). Humeral 
retroversion and its relationship to gleno-
humeral rotation in the shoulder of college 
baseball players. Am J Sports Med, 30 (3): 354-
360. 

5. Brown LP, Niehues SL, Harrah A, Yavorsky P, 
Hirshman HP (1988). Upper extremity range 
of motion and isokinetic strength of the inter-
nal and external shoulder rotators in major 
league baseball players. Am J Sports Med, 16 (6): 
577-585. 

6. Baltaci G, Johnson R, Kohl H (2001). Shoulder 
range of motion characteristics in collegiate 
baseball players. J Sports Med Phys Fitness, 41 (2): 
236-242. 

7. Crockett HC, Gross LB, Wilk LE, Schwartz ML, 
Reed J, O'Mara J, Reilly MT, Dugas JR, Meis-
ter K, Lyman S, Andrews JR (2002). Osseous 
adaptation and range of motion at the gleno-
humeral joint in professional baseball pitcher. 
Am J Sports Med, 30 (1): 20-26. 

8. Wilk KE, Meister K, Andrews JR (2002). Current 
concepts in the rehabilitation of the overhead 
throwing athletic. Am J Sports Med, 30 (1): 136-
151. 

9. Wilk KE, Arrigo CA, Andrews JR (1995). Func-
tional training for the overhead athlete. Sports physical 
therapy home study course, LaCrosse, WI. 

10. Kibler WB, Chandler TJ, Livingston BP, Roetert 
EP (1996). Shoulder range of motion in elite 
tennis players. Effect of age and years of tour-
nament play. Am J Sports Med, 24 (3): 279-285. 

11. Ellenbecker TS, Roetert EP, Bailie DD, Davies 
GJ, Brown SW (2002). Glenohumeral joint to-
tal range of motion in elite tennis players and 
baseball pitchers. Med Sci Sports Exerc, 34 (12): 
2052-2056. 

12. Osbahr DC, Cannon DL, Speer KP (2002) Ret-
roversion of the humerus in the throwing 
shoulder of the college baseball pitchers. Am J 
Sports Med, 30 (3): 347-353. 

13. Sӧderlund M, Kronberg M, Brostrom LA (1989). 
Radiologic assessment of humeral head retro-
version. Acta Radiol, 30 (5): 501–505. 

14. Tullos HS, King JW (1972). Lesion of the pitch-
ing arm in adolescents. JAMA, 220 (22): 264-
271. 

15. Sasaki J, Mura N, Takahara M, Harada M, Ogino 
T (2004). Ultrasonographic assessment of the 
humeral retroversion in young baseball players 
[in Japanese]. Katakansetsu, 28: 233-236. 

16. Yamamoto N, Itoi E, Minagawa H, Urayama M, 
Saito H, Seki N, Iwase T, Kashiwagychi S, 
Matsuura T (2006). Why is the humeral retro-
version of the throwing athletes greater in 
dominant shoulders than in nondominant 
shoulders. J Shoulder Elbow Surg, 15 (5): 571-575. 

17. Magnusson SP, Gleim GW, Nicholas JA (1994). 
Shoulder weakness in professional baseball 
pitchers. Med Sci Sports Exerc, 26 (1): 5-9. 

18. Downar JM, Sauers EL (2005). Clinical measures 
of shoulder mobility in the professional base-
ball players. Med Sci Sports Exerc, 40 (1): 23-29. 

19. William NL, Mark LB, Beth SS, Thomas RG, 
Louis UB, Christoper SA (2006). Shoulder 
adaptive changes in youth baseball players. J 
Shoulder Elbow Surg, 15 (5): 562-566. 

20. (20) Lyman S, Fleisig GS, Andrews JR, Osinski 
ED (2002). Effect of pitch type, pitch count, 
and pitching mechanics on risk of elbow and 
shoulder pain in youth baseball pitchers. Am 
J Sports Med, 30 (4): 463-468. 

21. Starkey C, Ryan J (2002). Evaluation of Orthopedic 
and Athletic Injuries (2nd ed.). F. A. Davis Com-
pany; Philadelphia, Pennsylvania. 

22. Cook EE, Gray VL, Savnar N (1987). Shoulder 
antagonistic strength ratios: A comparison be-
tween college - Level baseball pitchers and 
non-pitchers. J Orthop Sports Phys Ther, 8 (9): 
451-461. 

23. Hinton RT (1999). Isokinetic evaluation of shoul-
der rotational strength in high school baseball 
pitchers. Am J Sports Med, 16 (3): 274-279. 

24. Ivey FM Jr, Calhoun JH, Rusche K, Bierschenk J 
(1985). Isokinetic testing of shoulder strength 
normal value. Arch Phys Med Rehabil, 66 (6): 
384-386. 

 


