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Valgus Laxity of Elbow Joint in High School Weight Lifters: 
Ultrasonographic Assessment

Chang-Hyuk Choi, Se-Sik Kim, Chang-Min Park, Seung-Bum Chae, Ho-Jin Chang
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We evaluated abnormalities in medial portion of elbow in high-school weightlifter compared with the non weightlifter 
using a stress radiography and ultrsonography. The experimental group(G1) was 26 high school weightlifters with 
an average age of 17 years old (range, 16—18 years). The control group (G2) were comprised of 25 age matched 
general students. Both groups received physical examination, simple and valgus stress radiography and 
ultrasonography on both side of elbow. Physical examination showed 26.9% (14/52 elbows) tenderness and 19.2% 
(10/52 elbows) valgus laxity in G1, no tenderness and laxity in G2. There were no differences in medial joint gaps 
on simple radiography (G1, 3.3 mm, G2, 2.7 mm; p＞0.05), but the valgus stress view showed 5.6±0.8 mm medial 
joint gap in G1 and 3.8±0.8 mm in G2 (p＜0.001). Ultrasonography in G1, angular deformity was found in 67.3% 
(36/52) and G2 all in normal (p＜0.01). The horizontal distance was an average 4.9±1.23 mm for the G1 and 
3.1±0.78 mm for the G2 (p＜0.001). Vertical distance of the proximal portion of the ulna was average 0.58±0.94 
mm for the G1 and 1.59±0.49 mm for the G2 (p＜0.001). In G1, angular deformity of male was 50% (15/30 elbows) 
and female was 95% (21/22 elbows) (p＜0.001). Change of horizontal and vertical distance were larger in female 
(p＜0.05). In conclusion, there were increased incidence of medial elbow joint laxity in high school weightlifter, 
especially in female, regardless of career. Sustained valgus laxity could be prone to ulnar collateral ligament injury 
and should be evaluated with ultrasonography-assisted dynamic study.
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Fig. 1. Three types of angular changes of the medial collateral ligament. (A) Type A: normal stable elbow joint. (B) Type 

B: increased medial elbow laxity, as manifested by widening of the medial joint space and lateral shift of the proximal 

part of the ulna. (C) Type C: increased lateral shift of the proximal part of the ulna (arrow) causing impingement of the

ulnar collateral ligament on the trochlea (arrowheads).

Introduction

It is well known that chronic valgus stress of the elbow joint 
often begins in sports activities (such as volleyball spike, the 
hockey shoot, the American football pass, the javelin throw, the 
tennis serve, and the baseball pitch), which can lead to ulnar 
medial collateral ligament injury and other elbow joint overuse 
injuries1-5). These sports have a similar exercise mechanism, which 
requires fast and strong elbow joint extensibility, accompanied 
by the valgus stress of the elbow joint and pronation of the supinated 
forearm6). Weight lifting has a similar exercise mechanism and 
chronic repetitive valgus-stress during exercise, abrupt resisted 
extension force on lifting can cause injuries at the medial side 
of the elbow joint. The purpose of this study was to evaluate 
the problems at the medial portion of the elbow joint in high-school 
weightlifters using a stress radiographic and ultrsonographic 
examination.

Methods

1. Demographics

The experimental group (G1) was 26 high school weight lifters, 

15 male (right hand dominant in 12), and 11 female (right hand 
dominant in 9) with an average age of 17 years. Their weight 
was 63 kg on average (male, 68 kg; female, 60 kg), and height 
was 170 cm in average (male, 174 cm; female, 161 cm), and 
the period involved in the sport was 4 years in average. The 
control group (G2) was comprised of 25 volunteers without elbow 
problems (right-hand dominant in all) whose weight and height 
had been controlled; 15 were male and 10 were female, and 
their average age was 17 years. The average weight was 63 kg 
(male, 69 kg; female, 61 kg), and height was 171 cm in average 
(male, 175 cm; female, 160 cm). They did not have any symptoms 
in the elbow joint area and were not involved in any other sports 
activities with throwing or weight lifting. This study protocol 
was approved by the institutional ethics committee of our hospital. 

2. Physical examination and radiographic study

After a medical history was taken for general information, 
a physical examination was attempted of both elbows on each 
athlete about tenderness or laxity, and simple and valgus stress 
radiograph of the elbow joint were taken. Valgus stress to the 
elbow was given as elbow flexed 30o in a comfortable sitting 
position. 
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Fig. 2. Ultrasonographic image of the elbow joint in normal

and medial laxity. (A) Ultrasonography of normal elbow 

joint. The medial joint space is shown as a nonechoic

space between the subchondral bone of the trochlea 

(arrowheads) and that of the coronoid process (large ar-

row). The ulnar collateral ligament (UCL) is identified as a

band-like structure that attaches to the medial epicondyle

and the tubercular portion of the coronoid process. The 

superficial surface of the ligament is seen outlined by a 

hyperechoic straight line (small arrows). (B) Ultrasonogra-

phic findings in ligament injury. The image showing type 

C angular changes with increased medial elbow laxity, as

manifested by widening of the medial joint space (h=8.4 

mm) and the lateral shift of the proximal part of the ulna 

(v=-1.2 mm). UCL tear is shown as a nonechoic gap be-

tween torn margin of the ligament (between x and +). 

h=horizontal distance of the medial joint space (with the 

assumption that the outline of the ulnar collateral ligament

is a horizontal line), and v=vertical distance of the medial

joint space.

3. Ultrasonographic study

Ultrasonographic examination was conducted by using a 7.5 
Hz linear array transducer (Philips HD11 XE, Bothell, WA, USA). 
For the ultrasonographic examination, the patient was positioned 
in the supine position, with the arm undergoing examination 
stretched across the bed. After the arm was 90o in external rotation, 
the elbow joint bent at 70o, and the forearm in a neutral position, 
gravity bearing stress was put on the forearm in order to cause 
tension in the medial portion of the elbow joint. The transducer 
was positioned on the medial portion of the elbow joint to make 
both the top of the medial epicondyle and the medial tubercular 
portion of the coronoid process appear together in the 
ultrasonographic image. The ulnohumeral joint between the 

trochlea and the coronoid process was presented as echo-free 
space. The ulnar collateral ligament appeared as a hyperechoic 
straight-line, band shape attached to the medial tubercular portion 
of the coronoid process and medial epicondyle. The 3 types of 
angular change (Fig. 1), the gap of the elbow joint, and the lateral 
movement of the elbow joint under gravitation were measured 
(Fig. 2).

4. Statistical analysis

All statistical analyses were performed using the SPSS ver. 
12.0 (SPSS Inc., Chicago, IL, USA). Chi-square test, Fischer 
exact test, Student’s t test, and Mann-Whitney U test were used, 
and a p＜0.05 was considered statistically significant.

Results

1. Physical examination

Experimental group (G1) showed 14 cases of tenderness (5 
cases in males, 9 cases in females). Three persons (6 cases) had 
tenderness in both elbow joints, among them 1 was male and 
2 were female. There were 10 cases of valgus laxity (2 cases 
in males, 8 cases in females), and 2 females (4 cases) had valgus 
instability in both elbow joints. There was no instability or 
tenderness found in the control group (G2).

2. Radiographic examination

There were no remarkable differences in medial joint gaps 
on simple radiographic examination (G1, 3.3 mm; G2, 2.7 mm; 
p＞0.05), but the valgus stress view showed that the medial joint 
gap was 5.6±0.8 mm for the G1 and 3.8±0.7 mm for the G2, 
showing an average 1.8 mm increase (independent t test, p＜0.001). 

3. Ultrasonographic examination

1) Angular deformity of the elbow joint

There were significant differences between G1 and G2 in angular 
deformity, with 30.8% of normal type A in G1 and 100% in 
G2 (p＜0.001). In G1, angular deformity of the elbow joint was 
found in 69.2% of cases (36/52 cases), comprised of 33 cases 
of type B (dominant arm, 20 cases; non-dominant, 13 cases) 
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Table 1. Valgus laxity on stress radiograph and angular 
deformity between weight-lifter and control group

Group
No. of 
elbow 

Valgus stress
 view (mm) 

Angular deformity 

A B C 

G1* 52 5.60±0.80‡ 16§ 33 3 

  Dominant 26 5.54±0.66  5 20 1 

  Non
   dominant 

26 5.67±0.92 11 13 2 

G2† 50 3.81±0.74‡ 38§  0 0 

*High school weightlifter; †High school general students; 
‡Independent t test, p=0.000; §Dependent t test, p=0.000.

Table 2. Horizontal and vertical distances of medial elbow
joint on ultrasonographic image between weight-lifter and 
control group

Group
No. of 
elbow 

Horizontal
distance (mm) 

Vertical
distance (mm)

G1* 52 4.92±1.23‡ 0.58±0.94§

  Dominant 26 5.06±1.12 0.48±0.86

  Non
   dominant 

26 4.75±1.28 0.67±1.01

G2† 50 3.11±0.78‡ 1.59±0.49§

*High school weightlifter; †High school general students; 
‡Independent t test, p=0.000; §Dependent t test, p=0.000.

Table 3. Valgus laxity on stress radiograph and angular 
deformity between male and female in weight-lifter group

Gender No. of elbow 
Angular deformity 

A* B† C 

Male 30 15 15 0 

Female 22  1 18 3 

*Independent t test p=0.000; †p=0.782. 

Table 4. Horizontal and vertical distances of medial elbow 
joint on ultrasonographic image between male and female
in weight-lifter group

Gender
No. of 
elbow 

Horizontal
distance (mm)*

Vertical
distance (mm)†

Male 30 4.47±1.13 0.85±1.06 

Female 22 5.40±1.22 0.41±0.82 

*Independent t test, p=0.04;†p=0.042.

and 3 cases of type C (dominant arm, 1 cases; non-dominant, 
2 case). There were no significant differences in valgus laxity 
and angular deformities between the dominant and non-dominant 
elbow (Table 1). 

2) Horizontal and vertical distance of the elbow joint

The horizontal distance (width of the medial elbow) was an 
average 4.9 mm (range, 3.7–6.2 mm) for the G1, and 3.1 mm 
(range, 2.3–3.9 mm) for the G2, showing an about 1.8 mm increase 
(independent t-test, p＜0.001). There was no statistical difference 
between the dominant arm and the non-dominant arm in G1 (Table 
2). Vertical distance (lateral movement) of the proximal portion 
of the ulna was on average 0.58 mm (range, -0.36–1.02 mm) 
for the G1, and 1.59 mm (range, 1.10–2.08 mm) for the G2, 
making it a remarkable 0.94 mm decrease (independent t-test, 
p＜0.001) (Table 2). There was no statistically significant 
difference between the dominant and non-dominant arm in G1 
(Table 2).

3) Male and female differences in experimental group 

For the angular deformity, male athletes had 15 cases of type 
A, 15 cases of type B, while the female athletes had 1 case 
of type A, 18 cases of type B, and 3 cases of type C, which 
revealed a remarkable disparity (p=0.001) (Table 3). In addition, 
1 case of partial tear and 1 case of total tear were confirmed 
in female athletes, and the case of the total tear medial collateral 
ligament reconstruction surgery was performed.

For the ultrasonographic distances, the horizontal distance of 
male athletes was on average 4.47 mm (range, 3.34–5.60 mm), 
whereas the female athletes’ average of 5.40 mm (range, 4.18–6.62 
mm) with more remarkable widening of the medial joint gap 
(p=0.04). For the vertical distances in the experimental group, 
male athletes had an average of 0.85 mm (range, -0.21–1.91 
mm), while the females athletes had an average of 0.41 mm 
(range, -0.41–1.23 mm) showing more lateral movement (p=0.042) 
(Table 4).

4) Differences according to sports related period in 
experimental group

In G1, the sports-related career length were divided into 3 
group time periods, group A (14 elbows) with one to 2 years 
career, group B (20 elbows) with 3 to 4 years career, group 
C (18 elbows) with over 5 years career. The horizontal distance, 
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Table 5. Horizontal and vertical distances of medial elbow 
joint on ultrasonographic image according to career

Career
No. of 
elbow 

Horizontal
distance (mm)* 

Vertical
distance (mm)†

Total 52 4.92±1.23 0.58±0.94 

1−2 y 14  5.14 0.61 

3−4 y 20  4.72 0.49 

＞5 y 18 5.0 0.61 

*Independent t test, p=0.747; †p=0.865. 

Table 6. Correlation between angular deformity and ultra-
sonographic findings (horizontal and vertical distance)

Angular
deformity 

No. of 
elbow 

Horizontal
distance (mm) 

Vertical
distance (mm)

Normal
 (type A) 

16 2.02±2.21* 5.09±0.83†

Abnormal
 (type B, C) 

36 5.34±1.01‡ 0.17±0.79§

*Mann-Whitney U test, p=0.000; †p=0.000; ‡p=0.000; 
§p=0.006.

was an average 5.1 mm, 4.7 mm, and 5.0 mm, respectively 
(p=0.747). The vertical distance was an average 6.1 mm, 4.9 
mm, and 6.1 mm, respectively (p=0.865) (Table 5). 

5) Correlation between angular deformity and ultrasono-
graphic parameters (horizontal and vertical distance)

Angular deformity was divided into normal (type A) and the 
deformity-present group (type B and C), which was compared 
with horizontal distance and vertical distance. There was a strong 
correlation between angular deformity and both horizontal distance 
and vertical distance (Mann-Whitney U test, p＜0.01) (Table 6).

Discussion

Weight lifting usually involves lifting a weight heavier than 
one’s own body above the head level by using fast and strong 
elbow joint extension with a pronated forearm. Furthermore, a 
wider grip position may leads to higher valgus forces on the 
elbow joint. In a pitching motion, the thrower receives a valgus 
force of about 64 N/m3,7) and in a tennis serve, over 60 N/m 
of valgus force6); in a cadaveric study, the maximum extensibility 
of the medial collateral ligament was 33 N/m8). Weight lifters 
usually lift 50 kg and up to 200 kg of barbell and chronic valgus 
force during exercise, which may increase medial joint laxity 
or risk of medial collateral ligament injuries. 

Diagnostic tools for elbow injuries were consisted with simple 
X-ray, stress radiography, arthrography, computerized tomo-
graphy, magnetic resonance imaging (MRI), and dynamic 
ultrasonography in addition to medical history and physical 
examination. According to Rijke et al.9), stress radiography on 
athletes who use a pitching motion showed a 94% sensitivity, 
and 100% specificity in their medial collateral ligament injuries. 

However, in the case of acute medial collateral ligament injuries, 
the test could face difficulties due to the guarding by the patient. 
Rijke et al.9) reported that the gap of the ulnohumeral joint in 
complete rupture of the ulnar collateral ligament was increased 
over 5 mm more than in the control group. Ellenbecker et al.10) 
compared the laxity of the medial elbow joint of the dominant 
hand and the non-dominant hand of the baseball player by stress 
radiography and reported about a 5 mm difference in the dominant 
(p＜0.01). Lee et al.11) reported gravity or 25 N bearing increased 
valgus gap (p＜0.0001) in the normal population at both extension 
and 30 degrees of flexion, therefore we evaluated at only 30 
degrees of flexion. Due to the slight difference in radiation bearings 
between the injured and uninjured elbow joints of baseball players, 
and the dominant and non-dominant arm of the normal elbow 
joint, medial collateral ligament injuries in the early stages are 
sometimes underestimated or misdiagnosed1). Thompson et al.12) 
reported that they found that 88% of athletes who had gone through 
medial collateral ligament reconstruction surgery had an increase 
of over 2 mm in their medial joint gap than in their healthy 
joint. However, Azar et al.13) reported that only 46% of patients 
who underwent reconstruction surgery revealed a positive results 
from their radiation bearings test. Arthrography could be a helpful 
diagnostic tool in diagnosing acute medial collateral ligament 
ruptures. However, ruptures to the articular capsule accompanied 
in chronic injuries are rare, and it is hard to determine the leakage 
of the contrast medium from the joint. According to Timmerman 
and Andrews14) in research that included 25 baseball players, 
computed tomography scans using contrast medium revealed an 
86% rate of sensitivity and 91% rate of singularity in acute and 
chronic medial collateral ligament injuries. MRI could be a 
diagnostic study for a medial collateral ligament15-17) and the 
surrounding soft tissue structures injuries in acute and chronic 
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conditions. For the usefulness of MR arthrography, Azar et al.13) 
reported a 97% rate of sensitivity in diagnosing medial collateral 
ligament injuries.

Recently, the effectiveness of dynamic ultrasonography to 
confirm ulnar collateral ligament injury was reported by several 
authors (Sugimoto et al.18,19), Miller et al.20), and De Smet et 
al.21)). Sasaki et al.22) reported dynamic ultrasonography for 
evaluating medial joint laxity and medial collateral ligament injury 
revealed that the medial elbow joint gap and angular deformity 
was more increased in the dominant arm of 30 male baseball 
pitchers. Nazarian et al.23) examined the medial collateral ligament 
of 26 professional baseball players using dynamic ultrasonography, 
who had no symptoms on their elbow, and revealed both low 
echogenic lesions or calcification and thick bands on pitchers’ 
arms with much higher valgus laxity. Sasaki et al.22) conducted 
the dynamic ultrasonography to the 90o bending location of the 
elbow joint. However, in our study, the elbow was positioned 
to 70o of flexion in a lying position and gravity bearing force 
was applied to the forearm. According to Callaway et al.24), the 
stability of the elbow joint is the highest when bending is lower 
than 20 degrees or higher than 120 degrees, and in cadaveric 
study, in which the medial collateral ligament was totally removed, 
laxity was highest when the elbow joint was bended to 70 
degrees24-26).

There have been few studies of ulnar collateral ligament injury 
for weight lifters and the exact mechanism of injury was unclear. 
In addition, the similarities and differences should be identified 
among the injury mechanisms of the weight lifting, throwing 
sports, and other sports activities that require pronation of the 
supinated forearm and place valgus force on the elbow joint. 
Weight lifting needed strong muscular power for lifting, as well 
as valgus stability, for maintaining the barbell. During the 
concentric movement of the bench press, there is an initial 
high-power push after chest contact, immediately followed by 
a characteristic area of low power, the so-called “sticking region”. 
The decline in power during the initial acceleration phase appears 
to be a factor in a failed lift attempt at the sticking point27). 
These problems could be occured in a condition of high intensity 
lifting or fatiguing repeated training, which could increase the 
risk of the elbow injuries in adolescent weight lifters. 

In our study, the medial elbow joint gap of adolescent weight 

lifters was higher than in the control group by an average 1.8 
mm (p＜0.001) under radiation bearing tests and an ultrasono-
graphy study revealed 1.8 mm by the horizontal distance and 
vertical distance was decreased at an average 1.0 mm (p=0.000). 
It means that the elbow joint of weight lifters had an increased 
medial laxity, when compared to the control group. In addition, 
angular deformity of the medial collateral ligament, among 52 
cases in weight lifters, 32 cases were type B, 3 were type C, 
indicated a great difference to the control group who were all 
type A. These results could postulate that higher valgus laxity, 
and deformity of the medial collateral ligament of the weight 
lifters compared to the control group, might be prone to increase 
the risk of the medial elbow joint injuries. There were significant 
differences in angular deformity and medial joint gap between 
female and male athletes, with more prone to increase the risk 
of injuries in female group. According to the sports-related career, 
there was no differences between the groups of carrer years. It 
means that the most vulnerable period of elbow injuries in 
adolescent weight lifters is early time of their career. These results 
could be the guideline in determining intensity and duration of 
the training program. For the adolescent athletes, prevention of 
injuries is one of important issue in training and competition. 
Therefore, dynamic ultrasonography study should be used for 
screening tests to evaluate and to follow-up study for ulnar collateral 
ligament injury in adolescent weight lifters. In conclusion, there 
was an increased incidence of medial elbow joint laxity in high 
school athletes that lift weights, especially in female, regardless 
of career. Sustained valgus laxity could be prone to ulnar collateral 
ligament injury and it would be evaluated with ultrasonography 
assisted dynamic study. 
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