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Abstract

Introduction: The thumb ulnar collateral ligament  is commonly injured, especially during sport, resulting in an 
acute injury that must be appropriately managed. 

Purpose of Study: To evaluate the effectiveness of common stabilization techniques for the thumb UCL in fresh 
cadaveric specimens and to analyze the anatomical differences between male and female UCLs.

Methods: Eight, fresh cadaveric specimens (79 ± 8 years old) were evaluated in four conditions; no-
stabilization, spica tape job, abduction tape job, and an over the counter spica orthosis. The forearm was 
stabilized, positioning the thumb in neutral. The thumb was attached to a Teflon rail-guided drop tower using an 
impact load transfer system designed to abduct the thumb with 131 Newton (N) of force. TEMA motion 
analysis software was used to calculate the maximum abduction angles at impact. Following biomechanical 
testing, an incision was performed along the ulnar aspect of the thumb to expose the UCL for measurement.

Results: All stabilization conditions significantly limited thumb abduction. The thumb abduction tape job was 
most effective (8.3°), followed by the spica tape job (15.8°), and the spica orthosis (16.6°). Each specimen was 
dissected following testing and no ligament damage was identified. No statistically significant difference was 
found between the length and width of male and female thumb UCLs.

Conclusions: This is the first study to assess the efficacy of commonly used thumb stabilization methods. Bracing 
is often regarded as superior to taping, but these data suggest otherwise. This information may aid clinicians in 
understanding how to best protect the thumb UCL from sustaining initial injury and protection when returning 
to sport.
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INTRODUCTION
Hand injuries in athletics frequently involve the collateral ligaments at 
the metacarpophalangeal (MCP) joint of the thumb. Rupture to the 
ulnar collateral ligament (UCL) accounts for approximately 86% of all 
injuries occurring at the base of the thumb [1-5]. The injury 
commonly occurs during sport-related activities when the thumb is 
forcefully abducted at the MCP joint, causing the ligament to stretch 
and sometimes tear completely [1]. 

Injury to the UCL was previously referred to as Gamekeeper’s thumb 
because it was common among Scottish gamekeepers in the twentieth 
century [6]. Gamekeeper’s thumb is also known as the skier’s thumb, 
which refers to the high incidence of this specific ligamentous injury in 
skiers [7]. Injury to the UCL is prevalent in a wide variety of contact 
sports; including soccer, fighting, and American football [7]. This 
injury jeopardizes an athlete’s ability to compete and perform at a 
competitive level. Long-term complications include weakened grip 
strength, instability, pain, and secondary osteoarthritis [8-9]. Chronic 
laxity of the UCL can occur due to repetitive valgus stress; however 
instantaneous mechanisms are more likely to result in an acute injury 
of the UCL [10].

Biomechanical testing has been conducted on the thumb UCL 
to determine load-to-failure ratios, primarily when comparing 
the strength of repaired ligaments using a variety of surgical 
techniques [1,11-14]. The surgical technique used to repair the UCL 
depends on the anatomy of the lesion.  Repairing the UCL often 
includes one or two suture anchors to reattach the ruptured 
ligament to its insertion site [2] Biomechanical testing of the UCL, 
including post-surgical repair and load to failure ratios of the intact 
ligament has been conducted at slow rates, including the abduction of 
the thumb 0.1 mm/s and 1 mm/s[1,11-13]. 

While a significant amount of data has been collected from 
these biomechanical studies, there is minimal data examining the 
rupture of the UCL at high loading rates, such as those seen in 
athletics. Injuries that do not require surgery may be treated 
conservatively, but that decision depends on various factors, 
including the grade of injury, location of the tear, and patient-
related factors [5,15]. When treating an athlete with this injury, it is 
important to properly protect the athlete, especially when returning 
to the sport, ideally with non-bulky but supportive devices for 
overall thumb stabilization to prevent further complications. 
Therefore, the objective of this study was to evaluate the effectiveness 
of three common stabilization devices for the thumb UCL in fresh 
cadaveric specimens. An additional objective of this study was to 
quantify the dimensions of the thumb UCL in vivo and to evaluate 
any differences based on sex. 

METHODS
Eight fresh cadaveric right hands (4 females, 4 males; average age, 79 
± 8 years) were obtained. The specimens were harvested at mid-
forearm and thawed to room temperature. Anthropometric 
measurements were obtained using a digital caliper (Model 1467, 
General Tools & Instruments, New York, NY) and included hand 
length, palm length, hand breadth, thumb length, 
thumb circumference, and range of motion at the 
carpometacarpal (CMC) and MCP joints (Figure 1).

A hand-held goniometer was used to measure thumb abduction at the 
CMC joint and valgus movement at the MCP joint. The specimens 
were prepared for testing in four conditions which were assigned in 
random order. Conditions included a thumb spica tape job (SpicaT), a 
thumb abduction tape job (AbdT), an Over-The-Counter thumb spica 
orthosis (OTC) (Mueller Sports Medicine, Prairie Du Sac, WI), and a 
no-stabilization device condition which acted as the control condition 
(Cont) (Figure 2).

The spica tape job condition was executed by first placing an 
anchor strip around the wrist with 1.5-inch athletic tape 
(Johnson and Johnson, Pensacola, FL), then three figure-eight 
strips were applied independently around the 1st MCP joint 
with 0.5-inch athletic tape, followed by a closure strip of 1.5-
inch tape placed around the wrist. The AbdT condition was 
completed along the radial aspect of the thenar eminence and the 
thumb, first by placing an anchor strip of 1.5-inch tape around 
the palm and wrist, then placing u-strips connecting to the 
anchors, spanning from the dorsal to the palmar surface from the 
CMC to the MCP joint. Lastly, closure strips were placed around the 
wrist and palm. Tape jobs were performed by an Athletic Trainer 
(LCB) with 20 years of experience. Both taping applications 
function to protect the thumb against forced abduction. 
Following preparation, the hand was secured in a custom fixture 
(Figure 3). 

The thumb was placed in a neutral position for each test condition, 
at approximately a 30° flexed position, as suggested by the literature 
[16-18]. The thumb was then secured with a hose clamp 15 mm distal 
to the MCP joint of the thumb. The hose clamp was attached to a 
cable pulley system connected to a vertical Teflon-rail guided drop 
tower (Figure 4).

The drop tower’s load platform starting position was exactly 0.5 
m above the impact site each time to control velocity, energy, and 
force. A small amount of slack was given in the cable to allow the 
thumb to remain neutral an inch above the stoppers on the tower. 
Once taught, the falling platform of approximately 131 N of force was 
applied to the thumb. A light trap was used to measure the precise 
speed at impact. A high-speed video camera (Phantom MIRO 
M320S, Vision Research, Inc.) was situated to capture thumb 
abduction from a lateral view at approximately 1,000 frames per 
second.  

Fig 1. Hand anthropometric measurements: Vertical solid line = hand 
length, vertical dotted line = palm length, horizontal dashed line = hand 
breadth, horizontal dashed line on thumb = thumb length, dashed-dotted line 
= thumb circumference.

Fig 2. Four conditions used during biomechanical testing: A) Control 
condition B) Spica tape job C) Abduction tape job D) Over-the-counter 
orthosis.

Fig 3. A) Frontal view of custom fixture B) Lateral view of custom fixture.
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The abduction angles were scaled to account for variable thumb 
length, but no significant differences were found. Paired t-tests 
revealed significant differences between the Cont and each 
stabilization device (p<0.05) (Table 2),

were recorded between each test for consistency and to 
consider recovery of the specimen tissue, primarily the adductor 
pollicis muscle. The average time between trials was 11 ± 3 minutes. 
The coefficient of variation for velocity= 1.6 (range 2.5 m/s-2.64 m/
s), acceleration = 3.6 (range 7.0 m/s2-7.84 m/s2), energy=3.3 (range 
62.8 J-70.6 J), and force = 3.26 (range 125.5 N- 141.2 N).  

Fig 4. Teflon rail-guided drop tower

Fig 5. A) Initial positioning measurement using TEMA motion analysis 
software B) Maximum abduction angles at impact using TEMA motion analysis 
software

Specimen
Age 

Sex Hand Length 
(mm)

Palm Length 
(mm)

Hand Breadth 
(mm)

Thumb 
Length (mm)

Thumb Circumference 
(mm)

UCL Length 
(mm)

UCL Width 
(mm)

MCP Range of 
Motion (degrees)(yrs)

1 76 M 18.9 9.8 9.1 6.5 7.9 11.6 3.5 23
2 64 M 18.5 10.9 7.8 6.9 6.9 14.5 5.1 34
3 89 F 18.6 10.5 7.2 7 5.5 13.6 6.8 34
4 81 F 18 9.8 7.9 6 7.2 11.9 5.1 42
5 86 M 19.4 10.6 8.3 7.6 7.1 11.2 4 24
6 84 F 16.5 9.8 7.1 5.7 7 11.7 4.7 46
7 74 F 15.8 9 6.8 5.8 21 8.8 3.6 25
8 76 M 18.8 10.9 7.8 7.4 6.5 12 5 30

Mean 79 18.1 10.2 7.8 6.6 6.7 11.9 4.7 32
(SD) -8 -1.3 -0.7 -0.7 -0.7 -0.8 -1.7 -1.1 -8

TEMA motion analysis software (Image Systems Nordic AB, Linkoping, 
Sweden) was used to analyze videos of thumb abduction and calculate 
the maximum abduction angle at impact (Figure 5).

Abduction angles were calculated using the distal interphalangeal joint 
of the second digit, CMC joint, and MCP joint of the thumb as points 
of reference. Paired t-tests were run comparing abduction angles of the 
stabilization conditions to the control group.  Consistency between the 
velocity, acceleration, energy, and force was assessed using the coefficient 
of variation for each test. After biomechanical testing was performed, each 
hand was dissected for further analysis. An incision was performed along 
the ulnar aspect of the thumb and excess tissue was removed. The thumb 
UCL was exposed and its relationship to the adductor policies muscle was 
observed. An independent t-test was performed comparing the means of 
the UCL length and width concerning sex. All statistics were analyzed using 
IBM SPSS Statistics, version 25 (IBM Corp., Armonk, NY).

RESULTS
Eight fresh-frozen cadavers were included in this investigation. 
Anthropometry measurements performed after biomechanical testing 
is listed below (Table 1). 

Mean thumb abduction angles at impact for the Cont was 39.38° ± 
13.70°, SpicaT was 15.80° ± 6.20°, AbdT was 8.34° ± 10.92°, and OTC 
was 16.64° ± 10.32° (Figure 6).

Fig. 6 Graphical representation of angular displacement 

Table 1. Anthropometric data

Table 2. Paired sample t-test results.
Conditions T (df) p-value

Cont vs. SpicaT 8.477 (7) <0.001
Cont vs. AbdT 7.818 (7) <0.001
Cont vs. OTC 6.056 (7) 0.001

SpicaT vs. AbdT 3.800 (7) 0.007
SpicaT vs. OTC -0.652 (7) 0.535
Abd T vs. OTC -4.070 (7) 0.005

The control allows significantly more abduction than any of the
stabilizing conditions. The trials were randomized, and time intervals
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Following the biomechanical testing, each thumb was dissected. An 
independent t-test was used to determine the differences between male 
and female hand anthropometric dimensions and UCL dimensions. 
There was a significant difference between males and females 
regarding hand length, hand breadth, and thumb length (p<0.05). No 
significant difference was found when comparing palm length, thumb 
circumference, and range of motion of the CMC and MCP joints, 
respectively. There was no significant difference between the length 
of the UCL between males and females (t (6)=0.663, p= 0.524).

DISCUSSION
The primary objective of this study was to evaluate the effectiveness 
of common stabilization techniques for the thumb UCL by measuring 
angular displacement in fresh cadaveric specimens. Results 
demonstrate that the AbdT and SpicaT were more effective at 
reducing mean abduction angles of the thumb at the CMC and 
MCP joints than the OTC orthosis, and all were better than no 
stabilization device at all. The AbdT reduced mean abduction 
angles by 78.8%, the spicaT condition reduced mean abduction 
angles by 59.9%, and the OTC orthosis reduced mean 
abduction angles by 57.7% when compared to Cont. 
The average abduction angles for the control (39.38O) are 
consistent with previous literature (32.6O) [1]. Our average abduction 
angles in the stabilization conditions can be compared to a custom 
orthosis described in the literature (24.0°) in up to 100 N of force 
applied [1]. Our study offers insight into the thumb and UCL stability 
against valgus forces at a high rate of speed. 

Previous studies tested the UCL and thumb abduction at rates of 0.1 
mm/s and 1 mm/s and mainly looked at load-to-failure ratios, pinch, 
and grip forces of the UCL [1,13,14]. While these studies offer a great 
deal of information regarding the properties of the thumb UCL, it is 
difficult to apply this to a real-time injury mechanism of injury. 
We  consistently abducted the thumb at rates of approximately 1 m/s, 
which is much higher than the rates of thumb abduction described 
in the literature [1,13,14]. Our rationale for choosing 1 m/s was to 
make our rates of abduction considerably closer to real-life 
scenarios, whereas other studies applied abduction rates several 
magnitudes lower [1,13,14]. Our study is more representative of the 
instantaneous mechanism of injury sustained by many athletes in 
contact and non-contact sports. Determining the necessary thumb 
abduction force was also difficult because of the wide range of UCL 
load to failure values reported in the literature, which ranged from 111 
N to 156 N and 246 N to 513 N in two biomechanical studies with fresh 
cadaveric specimens [1,14]. The force applied to the thumb in our 
study ranged from 111 N to 150 N. After dissection of the fresh 
cadaveric specimens, it was determined that there were no ligament 
failures. There was no preload applied to the thumb during the 
biomechanical testing because a small preload of 1 pound was able to 
almost fully abduct the thumb, which could be attributed to the 
increased flexibility of the fresh specimen tissue. 

The final objective of this study was to assess for damage to the 
ligament, quantify the dimensions of the UCL in vivo, and evaluate 
any differences based on sex. A retrospective analysis by Boesmueller 
et al. 

(2017) determined that women were prone to lower velocity injuries to 
the thumb UCL, leading to mid-substance tears. Men, however, were 
more prone to intense mechanisms of injury, and primarily resulted in 
distal ligament or bony avulsion fractures [16]. This information could 
further be explained if there was an anatomical difference between 
male and female UCL dimensions regarding anthropometric 
measurements of the hand and thumb. We found a significant 
difference between hand length, hand breadth, and thumb length 
(p<0.05), however, there was no significant difference between the 
ligament length and width when comparing between sexes. 

Recent literature indicated that there is no statistically significant 
difference in UCL length between males and females in their dominant 
hand as indicated on ultrasound [19]. However, a statistically 
significant difference was found between males and females in their 
non-dominant hands [19]. This information does further raise the 
question of why males and females have different rupture sites. On 
average, our specimens UCL width and length were within the ranges 
described previously in the literature; 4 mm-8 mm wide and 12 
mm-14 mm long [20]. The origin of the UCL was confirmed, located 
on the dorsal aspect of the first metacarpal and inserted onto the 
medial aspect of the base of the proximal phalanx of the thumb [2]. 
Further anatomical and biomechanical studies should be conducted to 
confirm the difference in the location of UCL rupture between males 
and females. The biomechanical portion of the study had several 
limitations. Subtle variation in the tension and placement of tape 
during the taping procedures could be attributed to the specimen 
rigidity and a lack of dynamic feedback. The exact fit of the OTC 
orthosis was also a factor, as the cadaveric hands were various sizes. 
We used a universal orthosis that fit each specimen; however, smaller 
hands may have allowed for excess movement within the orthosis 
during testing. The small sample size is one of our greatest limitations, 
which is why we choose the methodology of assessing all four 
conditions on each specimen. The repeated motion could have 
resulted in an increased tissue laxity in the specimen, however, we 
tried to control for this by randomizing the order that the stabilization 
techniques were applied. Lastly, due to the use of cadaveric specimens, 
we were not able to obtain information regarding hand dominance, 
which could affect the strength of the intrinsic and extrinsic 
musculature of the hand.

CONCLUSION
When protecting the thumb UCL, it is essential to prevent the 
thumb from excessive abduction, while allowing the athlete to use the 
affected hand as much as possible for maximum desired 
performance. This study, to our knowledge, was the first to 
evaluate maximum thumb abduction angles at high velocities to 
assess the efficacy of commonly used thumb stabilization methods 
trying to find the most effective protection for the UCL. 
Protective taping or bracing is used in many aspects of athletics to 
help prevent or provide a safe return to play a following injury. 
These data suggest that taping methods are superior to bracing, 
though more study is warranted. This information may aid clinicians 
in understanding how to best protect the thumb UCL from 
sustaining initial injury and protection when returning to sport.
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