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ABSTRACT

A Psychophysical Study To Determine Maximum Acceptable
Hand Impact Forces During Door Trim Installation:
Effects Of Hand Posture and Impact Gloves

Marc P.H.J. Murphy Advisor:
University Of Windsor, 1999 Dr. JR. Potvin

Upper extremity work related musculoskeletal disorders are significant problems for
industrial workers. Previous research has identified possible risk factors for upper extremity
disorders. to include repetition, force, and awkward postures. To add to this, the hand is used
within trim and assembly plants to impact and seat parts into place which expose the hand to high
forces, local stress, and shock. This research investigates the maximal hand forces that people
find acceptable for these tasks and examines how these tolerances may change with hand posture
(palm vs ulnar) and protection (bare hand vs glove). A simulation device (Potvin & Chiang,
1998) was used to measure the time-history of the hand impact forces required to insert pushpins
during door trim panel installation. Acceleration data was recorded using a modified wrist brace
which subjects wore. The findings of the experiment found glove use to increase tolerance and
decrease severity with males choosing impact tolerances much higher than females with similar
impact severity. Males were also found to benefit more from glove use with females being more
conservative. Posture produced some interesting findings, with palmer impacts resulting in higher
acceptable force impulses and peak accelerations. The implications of these posture results for

impact severity were not clear and require further study.
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Chapter 1: INTRODUCTION

1.1 BACKGROUND

Upper extremity work related musculoskeletal disorders are significant problems for
employers and workers in many industries. Of all lost time claims filed to the WS&IB in 1997,
the upper extremity comprised 24.2%, coming second to back injuries (WS&IB, 1998). It is
estimated that 20 million laborers work on assembly lines or at jobs that necessitate these
continuous and repetitive upper extremity motions (Armstrong et al., 1986). As a result, the past
decade has seen a dramatic increase in the incidence of upper extremity repetitive strain disorders
(Nelson et al.. 1992; Silverstein et al., 1987). As biomechanical stresses exceed the physiologic
repair capability of the tissue, continuous damage can result. Repetitive, sustained or forceful
motions occurring over time act to compromise the integrity or functioning of soft tissue,
producing inflammation of tendons or compression of peripheral nerves (Armstrong, 1986;
Silverstein et al., 1986). As these structures experience micro traumatic damage, the worker 1S
placed at greater risk of additional injuries and the development of chronic problems.

Previous research has identified possible risk factors for upper extremity disorders.
Through epidemiological (Armstrong et al., 1989; Silverstein et al., 1987; Silverstein et al., 1987),
biomechanical (Goldstein et al., 1987; Keir et al., 1997; Moore et al., 1991), and psychophysical
studies (Potvin & Chiang, 1998: Snook et al., 1995), there is a common consensus that repetition,
force, and awkward postures constitute key factors in the development of upper limb cumulative

trauma disorders (CTD’s). It is further concluded that as these factors appear together the



likelihood of injury increases (Armstrong et al., 1987; Moore et al., 1991). Work done by
Silverstein et al., (1986), have found similar results by comparing four exposure groups including:
1) low force low repetition; 2) low force high repetition; 3) high force low repetition; and 4) high
force high repetition. They found that high forces and high repetitiveness were associated with
CTD’s and that there presence, in combination, substantially increased the magnitude of its
potential risk. |

Along with highly repetitive and forceful motions, industrial tasks can also involve the use
of repeated hand impacts. Trim and assembly plants require impacts on parts, which involve high
forces causing shock (vibration) and high stresses over the palmar and ulnar side of the hand.
McAtamney and Corlett (1993) have identified shock and rapid force increases as specific
ergonomic risk factors by including this in their rapid upper limb assessment (RULA) method.
Armstrong (1983) and Snook et al. (1995) have identified these rapid force increases around the
wrist (torque) to be associated with a number of hand and wrist injuries.

Biomechanical impact studies have focused mainly on crash testing, racket sports and
running. The variables which determine impact forces are: velocity, effective mass, area of
contact, and the material damping properties present (Nigg, 1983). Studies have used variables
such as force, acceleration, rate of load, and impulse to determine impact severity as well as
measuring the damping capabilities of materials (Lafortune and Lake, 1995; Nigg, 1986). Upper
limb injuries in tennis have been associated with the impact between the racket and ball and the
vibrations that are transferred to the arm (Berhang et al., 1987; Hatze, 1992; Hennig et al., 1992).
Segessor (1985) suggests that tennis racket oscillations (at the palm of the hand), in the range of
80-200 Hz, are likely to contribute to the development of tennis elbow. Running studies have also
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suggested that the developm.ent of these shock waves upon impact is responsible for degenerative
changes in joints and articular cartilage (Lafortune et al., 1996). This is supported by Radin
(1973). and James & Jones (1990), who revealed that repeated impulsive loading can produce
degenerative changes in biological tissues. To lower impact forces and absorb energy, running
shoes have incorporated different material properties (Nigg et al., 1987). Unlike running studies,
impact studies of the upper limb within the industrial setting are rather limited. Although efforts
have been made to reduce impact loads within industry through job redesign or the use of impact
gloves, information is still lacking regarding acceptable impact forces and how these impulsive
forces affect the upper limb.

Although previous research has shown high repetition, high force, and impact loading to
be key risks and highly correlated with CTD’s, a major problem exists as these factors are usually
looked at separately outside the industrial setting. Difficulty lies in attempting to study a number
of these factors together as they develop naturally within the industrial setting. Using a
psychophysical methodology allows the estimation of safe levels of physical exertion under
numerous conditions.

Psychophysics is a well-established branch of psychology that is concerned with the
relationship between sensations and their physical stimuli (Gescheider, 1985; Snook, 1970). This
methodology relies on the assumption that individuals can identify work conditions that are safe
for them based on the integration of biomechanical and physiological sensory feedback.
Psychophysical criteria for acceptable loads in industry have been pioneered by Snook (1969).
Snook (1970). Ayoub (1978), Snook (1978), and Snook and Ciriello (1991) have used
psychophysics to determine maximal weights and forces for various lifting, lowering, pushing,

3



pulling, and carrying tasks.

More recently, psychophysical methods have also been used to set acceptable exposure
limits for the upper limbs. Armstrong et al. (1989) were one of the firsts to do this by correlating
subjective assessments with objective measurements of hand tools used in automobile assembly.
Psychophysics has also been used to determine acceptable frequencies for drilling in various wrist
postures (Davis & Fernandez, 1994; Kim & Femandez, 1993), varying applied forces (Kim &
Fernandez. 1993) as well as gripping with various forces and duration’s (Dahaland & Fernandez,
1993). Also. Snook et al. (1995) have used psychophysics to set guidelines for repetitive wrist
flexion and extension exertions.

Most recently, Potvin and Chiang (1998) were the first to use a psychophysical method to
determine acceptable limits for hand impacts of a vertical surface at selected frequencies and
locations for males and females. It was concluded that an increase in impact frequency resulted in
a significant decrease in acceptable levels of force, hand acceleration and impulse. Impact
location (palm) failed to shqw a significant effect within all four-impact locations relative to the
subject’s bodies (high near, high far, low near, low far). Males in the study demonstrated a trend
towards accepting impacts with higher peak forces, impulse, load rates and lower times to peak
than females. Thus males appear to tolerate more severe impacts than females. An important
finding was that the within subject coefficients of variation were lowest for the impulse vanable.
This suggests that the subjects controlled this variable to determine safe loads. Impact tolerance
was observed to range from 181 to 259 N for peak force and 2.53 to 3.52 Ns for force impulse for
impacts with the bare palm.

To date only Potvin & Chiang (1998) have investigated the feasibility of using a
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psychophysical methodology to determine maximum acceptable impact forces for various
repetitive hand motions and postures. Further analysis is needed to include the implementation of
impact gloves as well as other impact locations on the hand during door trim installation. Hand
impacts within industry have involved the palmer and ulnar sides of the hand. Impact gloves have
been used by industry as a method to reduce demands. However, little is known about how the use
of impact gloves or impact locations on the hand affects performance and tolerance. Still, many
assembly line tasks continue to involve repetitive hand motions, high forces and impacts to the
upper limb. Adopting a psychophysical methodology allows the opportunity to implement safety

standards in industry were multiple factors can be looked at simultaneously.

1.2 PURPOSE

The purpose of this study is to expand on the findings of Potvin and Chiang (1998) using a
psychophysical methodology to establish acceptable impact severity limits for impacts of a
vertical surface using a simulated door trim panel installation task with different hand impact

postures with and without the use of impact gloves.

1.3 HYPOTHESES

It is hypothesized that the use of impact gloves would result in a decrease in the severity of
the impact loading on the hand and upper limb. It is expected that the impact glove will act as an
energy absorbing mechanism, which will deform before the hand and thus decrease the overall
force peaks and displace this force over a longer period. It is also expected that this will result in
an increase in the level of external impact tolerated by the individuals. It is speculated that males
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will accept impact severity values much greater than females. It is also speculated that impact
location (palmer/ulnar side) on the hand will have an effect on tolerance values. Withina
previous study by Potvin & Chiang (1998) all subjects chose to impact the device using the
palmer surface. Itis assumgd that the subjects used a posture that is most efficient for the task and

will then result in higher impact peaks and tolerance than ulnar impacts.

1.4 LIMITATIONS

The limitations of the psychophysical methodology and the assumptions made must be
recognized before conclusions can be accepted. Subjects require training to do this reliably and
errors can be made. It is possible that subjects may choose limits that they feel are appropriate but
may in fact cause physiological fatigue or biomechanical damage. Another problem is that one

can only generalize over a limited population.



1.5 DEFINITION OF TERMS

PK Force: first peak force, corresponding to the highest reaction force during the impact phase
TTPK Force: time of occurrence of PK Force after hand strike

LR Force: rate of loading, calculated as the slope of the reaction force-time curve

Force Impulse: total impulse during contact, calculated as the area under the force-time curve

PK Accel.: first peak acceleration, corresponding to the highest reaction acceleration during the
impact phase

TTPK Accel.: time of occurrence of PK Accel. after hand strike
LR Accel.: rate of loading calculated as the slope of the reaction acceleration-time curve

Accel. Impulse: total impulse during contact calculated as the area under the acceleration-time
curve

Tolerance Limit Value (TLV): the maximal tolerance limit value found to be acceptable by 75%
of the population

Impact force: the initial transient peak in the reaction force delivered to the hand as a result of the
collision between the hand and the impact plate

Impact Severity: the magnitude of the impact acceleration delivered to the hand at hand strike



Chapter 2: LITERATURE REVIEW

2.1 UPPER EXTREMITY DISORDER

Work related chronié musculoskeletal disorders (or cumulative trauma disorders) are
recognized as major occupational health problems. Disorders such as carpal tunnel syndrome,
tendinitis. tenosynovitis, epicondylitis, chronic muscle strain or degenerative joint diseases have
been linked to a number of jobs which involve high repetitions, high forces, and mechanical stress
(Higgs et al., 1992; Ranny et al., 1995; Silverstein et al., 1987).

The determination of health outcomes is rather difficult, as there are many potential sites
of injury. Within each disorder there is a range of severities and these disorders are frequently
episodic in nature. In spite of such complications, disorders of the upper extremity are
categorized as being related to tendons, muscles, nerves, or neurovascular involvement
(Sommerich et al., 1993). The involvements of these disorders have been identified to affect the

upper limb.

1) Shoulder. Arm & Elbow

Recent studies have shown the prevalence of shoulder pain syndromes to be elevated in
many working populations (Sommerich et al., 1993). Injury or fatigue of the rotator cuff muscles
can lead to altered mechanics and load distributions around the shoulder which can increase the
chance of additional tissue damage (Whiting & Zemnicke, 1998). Tendon related disorders of the

shoulder have included rotator cuff tendinitis, calcific tendinitis, bicipital tendinitis, or tendon tear



(Sommerich et al., 1993). Bicipital tendinitis can occur where tenderness is experienced in the
bicipital groove due to excessive elbow flexion and forearm supination (Hagberg, 1987) or when
the elbow and arm are extended and the forearm is supinated (Cailliet, 1981). The highly
repetitive nature of tasks in tendon studies have shown a progressive deformation (hysteresis)
with cyclic loading which can lead to micro-trauma and overuse (Norkin, & Frankel, 1989).

The posture required to secure the door trim panel is similar to the posture of the tennis
forehand. Soft tissue and bony injuries around the elbow are very common and usually related to
overuse (Field & Savoie, 1997). Lateral epicondylitis, medial epicondylitis, medial pain related to
ulnar nerve injury. or valgus elbow instability can account for symptoms of elbow injury. Also,
older individuals often develop symptoms related to degenerative changes within the joint itself.

Lateral epicondylitis is extremely common, with over 50% of tennis players experiencing
svmptoms at some time or another (Maylack, 1988; Whiting & Zemicke, 1998). The excessive
use of wrist extensor musculature is clearly associated with its development. Repetitive micro
traumatic injury at the extensor origin probably leads to a micro-tear, which repairs itself, but may
result in mucinoid degeneration and leads to a failure of the tendon over time (Field, & Savoie,
1997). Medial epicondylitis, which is less common, occurs as wrist flexion and pronation is
resisted. Golfers and tennis players are commonly affected as a result of the repetitive valgus
stress placed on the soft tissue of the medial elbow.

The actions found in door trim installation can place tremendous stress on elbow joint
stabilizers. The application of valgus stresses to the anterior bundle of the medial ulnar collateral
ligament can cause injury or insufficiency (Field & Savoie, 1997). An important secondary
stabilizer of the elbow, when medial ulnar collateral ligament insufficiency is present, is the

9



articular geometry of the joint itself. In the presence of a disrupted medial ulnar collateral
ligament, abnormal stress on the articular surfaces leads to injury and degenerative changes with
osteophyte formation that can produce medial elbow symptoms (Field & Savoie, 1997; Norkin &
Frankel. 1989). Damage to ligamentous restraints leads to the transfer of significant stresses to
bony articulations. In addition, this may contribute to lateral elbow pain through increased
radiocapitellar joint compression that occurs with valgus stress and as a result of asynchronous
firing of the wrist extensor musculature (Field, & Savoie, 1997).

It is unlikely that this type of injury will occur due to the fact that the elbow, during this
action in the door panel trim assembly, will not experience the large moments around the joint as
seen in the tennis forehand, or golf swing. However due to the repetitive loading and valgus
stresses placed on the joint these symptoms and disorders should not be overlooked because
continued loading worsens the microscopic damage and eventually leads to symptomatic tissue
involvement in the form of inﬂammation, inflexibility, and tissue weakness (Whiting, & Zemicke,

1998).

2) The Wrist and Hand

Injuries from repeated tissue stress can also affect the wrist and hand. One of the most
debilitating chronic disorders is carpal tunnel syndrome, a condition characterized by swelling
within the carpal tunnel, which causes compression on the median nerve or blood vessels running
through the tunnel. The inextensible borders formed by the carpal bones and the flexor
retinaculum preclude an increase in tunnel size. Inflammation and edema in response to repeated
loading compress neurovascular tissues and compromises mobility (Whiting, & Zemicke, 1998).

10



The development of carpal tunnel syndrome has been linked to numerous risk factors including:
forceful exertions, repetitive or prolonged activities, awkward postures, localized contact stress
and vibration (Armstrong et al., 1987; Moore, & Garg, 1995; Ross, 1994; Silverstein et al., 1987).
The development of carpal tunnel syndrome is unlikely during hand impacts but compression of
the hand during impacts may affect surrounding nerves and blood vessels restricting blood flow to
surrounding musculature and tendons leading to micro-trauma. However, Gelberan et al. (1981)
have implicated vascular ins_ufﬁciency as a major cause of carpal tunnel syndrome. Also, ulnar
nerve compression at the wrist has been associated with chronic repetitive trauma to the
hypothenar eminence (Moneim, 1992; Zimmerman et al., 1992). Mechanical compression of the
hypothenar eminence occurs during the task of seating door trim panels which places nerves and
arteries to direct compression affecting the supply of blood and nutrients to surrounding tissue.

Tendons fulfil a load transmitting role, but along with this main load bearing function,
tendons satisfy both kinematic requirements (they must be flexible to bend at joints and ensure
that the muscle is always loaded in a traction mode) and damping requirements (they absorb
sudden shocks, thus limiting possible damage to muscles caused by them)(Pradas & Calleja,
1990). Studies have demonstrated that tendons possess viscoelastic properties (Goldstein et al.,
1987; Hooley et al., 1980; Pradas, & Calleja, 1990; Schwerdt et al., 1980). During cyclic loading
mechanical hysteresis occurs. Within hysteresis, energy is supplied to stretch the tendon, but
some of this energy is dissipated by causing the flow of fluid within the ground substance. As this
occurs energy is lost creating hysteresis. Relaxation then does not follow the same path requiring
time to get back to its normal functioning. If time is not sufficient the load bearing ability of the
tendon is no longer as effective during the same loads.

11



In addition to mechanical responses, tendons also respond physiologically. Physiologic
responses include metabolic, circulatory, and adaptive changes. Gray (1893) and de Querivain
(1895) were among the earliest to identify these changes. Howard (1937) reported jelly like
changes in the tendon-muscle junction, even when then the tendons and sheaths appeared normal
to the naked eye. Typical findings include: thickening, proliferation of fibrocytes and fibrous
connective tissue, destruction of synovial membranes and adhesions (Armstrong et al., 1984;
Phalen. 1966). Armstrong et al. (1984) have found proliferation of fibrous connective tissue to be
greater on the pailmar and dorsal sides of the finger flexor tendons where compressive forces are
greatest.

The mechanism of these changes is unclear, but it is speculated that the occlusion of blood
flow and the deprivation of nutrients play a prominent role (Armstrong et al., 1987). The nutrient
pathway involves both bulk'ﬂow and diffusion. The ability to move these nutrients through
diffusion requires a concentration gradient between the tendon and synovium, which is dependent
on the circulation available (Manske et al., 1985). The occlusion of blood flow (as a result of
compression of the tendon against adjacent surfaces), the thickening of tendon sheaths or
increased diffusion distances would all act to deprive the flow of nutrients. The level of this
deprivation is affected by the intensity of exertion, the duration, and the frequency of the exertion
(Armstrong et. al., 1987). Although tendons may be better suited to bear these forces, other
tissues in the surrounding area such as blood vessels and nerves are not. The result is that some
tissues can endure more trauma than others, but both tissues do have limits and damage will ensue
if time for recovery is insufficient.

Axial loading of the hand can also result in degenerative changes of the carpal bones.
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Cartilage reduces stresses applied to bones by increasing the area of contact between the
articulating surfaces and reduces bone on bone wear. However, fatigue wear of bearing surfaces
can occur from the accumulation of microscopic damage within the bearing material under
repetitive loading. Failure can occur with the repeated application of high loads over short
periods or even low loads over an extended period of time (Norkin, & Frankel, 1989). Applied
loads cause pressure gradients to occur in the interstitial fluid, and these variations in pressure
cause fluid to flow through énd out of the matrix. Damage to articular cartilage, as a result of
cyclic loading, can disrupt the normal load carrying ability of the tissue and thus the normal
lubricating process operating in the joint. The compressive stiffness and resistance of cartilage
depends upon the water and proteoglycon content of the tissue (Norkin, & Frankel, 1989). Itis
hypothesized that failure progression may be accounted for by the magnitude of the stress, and the
total number of stress peaks sustained, which may alter the articular matrix and normal load

carrying ability (Norkin & Frankel, 1989).

2.2 ANATOMY

The anatomy of the upper extremity associated with palmar and ulnar side hand impacts
for the simulated task of door trim panel installation will include; the lower arm, as well as the
wrist and hand. Anatomy will be limited to pertinent information conceming the muscles, nerves,
arteries and bones that are associated with the movements performed in simulated door trim panel

installation.
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1) Impact Arm Position and Action

Industrial door trim installation requires the worker to use their arm to impact door trim
panels. During installation, impacts are performed using two different postures. Palmar impacts
require the arm to be around 90 degrees (Humerus & radius/ulna) of flexion were force is applied
through internal rotation of the arm. During impacts with the ulnar side of the hand the arm is
slightly flexed at the shoulder with the elbow at 90 degrees of flexion with forearm pronation,
were force is applied by extending the arm. The elbow joint is reinforced by a number of
ligaments and muscles that cross the elbow. This provides stability within the joint. Injury
usually affects the tendonous attachments of muscles near the medial and lateral aspects of the

elbow that are often irritated and inflamed by repetitive stresses (Anderson, & Hall, 1995).

Table 2.1: Movement of the upper arm during door trim installation. The internal rotators,
elbow flexors/extensors and pronators of the arm.

MOVEMENT MAIN MUSCLES INVOLVED

Internal Rotation 1) Subscapularis

2) Pectoralis Major

3) Latissimus Dorsi

4) Deltoid (Anterior Portion)

Elbow Flexion 1) Brachialis

2) Brachioradialis

3) Biceps

4) Extensor Carpi Radialis
Elbow Extension . 1) Triceps
Pronation 1) Pronator Quadratus

2) Pronator Teres
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Appendix A
Information and Consent Form

Ergonomics and Biomechanics Lab
School of Human Kinetics
University of Windsor

Study Title: A Psychophysical Study To Determine Impact Maximum Acceptable Hand Impact Forces During Door
Trim Installation: Effects Of Hand Posture And Impact Gloves

Conducted by: Marc Murphy (Master’s student) and Dr. J. R. Potvin (Supervisor)
Phone: 252-2282 (Home) or 253-4232 ext. 2452 (School)

I agree to participate in a study that is designed to add new knowledge concerning repetitive impact loading
of the hand during simulated trim assembly tasks using the palm and ulnar side of the hand. The investigator has
explained the procedures and the necessary time commitment to me. I understand that I will be asked to perform
repeated impacts using the hand, and sorbothane impact gloves in the palmar and ulnar hand positions. I will
determine the acceptable load magnitudes for each dynamic impact. I understand that the impact levels I select are to
be performed continuously as if part of full time employment, where I am required to strike the device at 5
repetitions/min. with an impact at least sufficient to move the device through its full range of motion. Remember that
this is not a contest. Not everyone is expected to impact with the same amount of force. We want your judgment as
to how much impact force is acceptable. The procedure will require that I be trained for a total of 4 hours (60 minutes
for each of the four conditions). All training will occur over two days and each 2- hr session will include a 15 min.
rest period after 120 minutes. Data will be collected over the final 120 minutes of a third and final session
(240 min). In each session I will be required to reset my selected resistance after every 15 min. were the researcher
either increases or decreases the pressure by a randomly selected amount. Data collection will include measuring
peaks. load rates. and impulse for both force and accelerations. Collection of the acceleration data will require
subjects to wear a wrist brace where an accelerometer is attached to the back of the hand. Force data will be
measured. during impacts of the device. Throughout the study confidentiality will be placed on all information
collected. | am aware that there is a possibility that during training and testing that I my feel discomfort or pain. but
in each session I will be free to increase and decrease the resistance to a level I find acceptable (resulting in no
numbness or pain) and if discomfort persists I can terminate the study at any time if [ feel the need to do so.

Consent of Subject

I have read and understood the information presented above for the procedures and risks involved in this
study and have received satisfactory answers to questions reiated to this study. The specific details of this study have
been explained. I understand that my identity will be protected throughout my participation in this study. I am aware
that I may report what I consider to be violations of my welfare to Dr. Bob Boucher 253-4232 ext. 2429 or the Office
of Human Research. University of Windsor, and may withdraw from the study at any time. With full knowledge of
all foregoing. I agree, of my own-free will, to participate as a subject in this study and to allow photographs and/or
other data to be used for teaching or research presentations.

Signature: Date:

Witness: Date:
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Appendix B

Table 1B: Subject anthropometric data.
Subject |Sex Dominant Hand|Glove Size Henght(cm) Weight (Ibs) |Age
1 Male Right Large 184.0 215.0 25
2 Male Right Medium 185.0 160.0 21
3 Male Right Large 183.0 200.0 25
4 Male Right Large 180.0 185.0 20
5 Male Right Medium 180.0 155.0 21
6 Male Right Large 185.0 240.0 23
7 Male Right Medium 173.0 185.0 26
8 Male Right Medium 179.0 200.0 25
9 Female Right Medium 170.0 120.0 21
10 Female Right Medium 171.0 140.0 24
11 Female Right Medium 167.5 129.0 20
12 Female Right Medium 161.8 130.0 23
13 Female Right Medium 158.8 160.0 20
14 Female Right Small 157.0 113.0 20
15 Female Right Small 147.5 105.0 21
16 Female Left Small 155.0 115.0 23
Total Mean| 171.09 159.50 22.38
Stdev 12.08 40.84 2.13
Male 181.13 192.50 23.25
Stdev 4.05 27.90 2.31
Female 161.06 126.50 21.50
Stdev 8.13 17.49 1.60
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Appendix C

Table 1C: All mean and standard deviations for all dependent variables for each of the conditions
look at within the current study. All standard deviation values are shown in brackets
and bolded.

Dependent PK Force | TTPK Force PK TTPK Accel.

Variables (N) Force Impulse | Accel. Accel. Impulse

(ms) (N-s) (m/s/s) (ms) (m/s)

Gender

Male 307.8 52 43 506.8 5.7 59
(127.3) (1.0) (1.9) (140.7) (1.7) (1.7)
Female 186.6 5.8 2.7 431.9 5.8 49
(67.2) (1.3) (0.8) (147.7) (2.0) (1.5)
Protection
Bare Hand 238.9 5.2 33 478.9 54 5.5
(113.2) (1.0) (1.5) (143.3) 1.7) (1.6)
Glove 255.6 5.8 3.8 459.7 6.0 54
(123.8) (1.3) (1.8) (154.2) 1.9 (1.8)
Posture
Palm 240.1 5.4 3.7 489.1 5.1 5.0
(114.2) (1.3) (1.8) (151.3) (1.4) (1.5)
Ulnar 2543 5.6 33 449.5 6.4 59
(123.1) (1.1) (1.5) (144.1) 2.0) (1.8)
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Appendix D

Table 1D: Correlation coefficients between each of the variables measured. Values included the
average values for each subject at each of the four impact conditions (bare palm, bare
ulnar, glove palm, and glove ulnar).

Force Accel.
Peak |TTPK LR Force Peak TTPK LR Accel.
Force |Force Force |Impulse |Accel. [Accel. Accel. |Impulse
Peak Force 1.00
TTPK -0.63 1.00
Force
LR Force 0.88 -0.72| 1.00
Force 0.95 -0.56| 0.82 1.00
Impulse
Peak 0.76 -0.80| 0.72 0.73 1.00
Accel.
TTPK -0.06 0.53| -0.19 -0.17 -0.40 1.00
Accel.
LR Accel. 0.50 -0.72| 0.53 0.53 0.84 -0.70 1.00
Accel. 0.82 -0.65| 0.53 0.73 0.82 -0.08 0.54 1.00
Impuise .
Resistance 0.72 -0.55| 0.81 0.68 0.66 -0.17 0.48 0.55
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Appendix E

Table 1E: The calculated impact arm effective masses for each subject.
Bare Hand Glove
Subjects Palm Ulnar Palm Ulnar
Female 1 0.32 0.56 0.45 0.56
2 0.41 0.57 0.43 0.52
3 0.26 0.60 0.37 0.57
4 0.47 0.30 0.47 0.41
5 0.39 0.40 0.42 0.53
6 0.41 0.35 0.34 0.37
7 0.35 0.51 042 0.54
8 0.36 0.48 0.38 0.47
Mean 0.37 0.47 0.41 0.50
Male 1 0.50 0.78 0.52 0.84
2 0.43 0.50 0.53 0.58
3 0.56 0.60 0.56 0.53
4 0.59 0.80 0.71 0.90
5 0.72 0.87 0.86 0.90
6 0.56 0.46 0.72 0.47
7 0.51 0.42 0.59 0.62
8 0.33 0.32 0.37 0.51
Mean 0.52 0.59 0.61 0.67
Total 0.45 0.53 0.51 0.58

88



NAME:

PLACE OF BIRTH:

YEAR OF BIRTH:

EDUCATION:

VITA AUCTORIS

Marc Patrick Henry Joseph Murphy

" Val Caron, Ontario

1974

St. Charles College, Garson
1988-1993

University of Windsor, Windsor, Ontario
1993-1997 B.H.K.

University of Windsor, Windsor, Ontario
1997-1999 M.H.K.

89



