ABSTRACT

MILLER, Douglas C. A comparative study of the
forward pass of college quarterbacks, with and
without protective equ;pment. M.S. in Physical
Education, 1979. 48 p. (Dr. Nancy Butts).

The preparatory and action phases pf the forward pass in

- football were analyzed for U.W. - La Crosse quarterbacks
(N=6) under two conditions, with and without protective
equipment. Clnematography was used with the speed of the
film run at 200 fps. The Ss all threw at the same filming
session for both conditiens. Randqm selection with replace-
ment was used to determine the con 1t10n the Ss threw under
first. Data was collected through the use of a Numonics

. 1224 pigitizer and processed throggh the FILMDAT program.
This data was then analyzed using ‘g dependant "t" test.
There were no significant dlfferenges in the angle of the
upper arm at the beginning of the ‘preparatory phase, the
time interval for the preparatory and action phases, the
angle of the elbow at release, and" the height of release.
There was a significant dlfference 1n the angle of maxxmum
layback at the .05 level. : -
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CHAPTER I
INTRODUCTION

Throughout the last fifty yeérsvthe importance of the
forward pass in-fqotballvhas increased tremendously.  1In
order to make the football more passable, it has changed
from a blunt ended, pumpkin shaped object to theastreamline,
well balanced ball of today. The Quarterback, the person
that usually paéées the fodtball, hés become aqhajor factor
in many games, and mahy coaches feel the quarterback is the
most important player on the field.

With the advancement of the passing game in football
comes the queStion of the effect of proteCtivé equipment on
the passer's ability to throw the fdotball. Although the
helmet can not be significantly altered due to the protection
it provides the ﬁead,bshoulder’pads can, and are, altered to
prevent the quarterback from losing range of motion in the
passing arm. These types of "quarteiback" pads are lighter
and less confining than the pads worn by other players. Even
though the quarterback can wear special pads, there is still
the question as to whether the protective equipment does
alter his"passing_motion.

with the advancement of biomechanical techniques and
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studies, better analysis of athletic skills have been.made
possible. Cinematography has been the.major and most re-
1iable-tool used in biomechanical analysis. Through ciné~
matograpﬁy. one can determine angles and positions at the
differeﬁt stages‘of rélease, as Wéll as the time it takes

to accomplish,certain aspgcts.qf the forward pass.‘ There-
fore, ﬁhejpurposevof this stuéy'Qas to biomechanically
analyze. the differenceé in the prebaratcry and action phases
of the'forward passing motion in football, with and without

protective equipment.

Need for the Study

A review of literature on the forward pass in football
revealed a minimal amount of reseagchérs'that biomechanicilly
analyzed the forward pass (Cooper,le?G;{Carlsqn, 1962:
Friedmﬁn, 1967; Purvis, 1940). There have been numerous
articles and books written on thef%eéhniqﬁe of passing a -

football but few offer biemechanigyl éxplanations. This

\author has been unable to locate.%ny research dealing with
the effect of protective equipmeni‘on the forward passing
motion. Furthermore many ahthors (Fisk; 1976; Broer, 1973;
Dawson, 1972; Namath, 1973) disagree on certain aspects of

the forward pass such as: major force contributing factors;

wrist action; angle of the forearm to the upper arm at




release; and, angle of upper arm to trunk at release.

For example, the literature, when. discussing the angle
of release atvthe elbow joint-ét the timebef release is.very
conflicting. According to Namath (1973), the elﬁow should
be bent slightiy,at release; however. Dawson (1972), felt |
that the elbow sﬁould be completeiy'extehded. There are
differences in the belief of certain passigg mechanics be-
sides the example stated. None of the autéors attempt to
discuss any differences, if any, caused bygprotective equip—

ment.

Purpose -

The purpose of this study was to-bidmgchanically analyie
the differences»in the quarterback's forwagd‘passing‘motion
with and without protective equipment. Spgcifically, the

objectives of this.Etudy were to compare tbe differences in:

(1) the angle of the upper arm at the begigning of the pre-

paratory phase; (2) the time interval for ghe preparatory

and action phases; (3) the angle of the exﬁow at release;
?h) the height of release; and, (5) the agéle of maximum

layback.

Hypotheses

The hajor hypothesis was that there are no significant

differences in the quarterback's forward passing motion with




and withoﬁt protective equipment. The five specific hypoth-
eses tested were:
1. There are no significant differences between.the
angle of the upper'arm at the beginning oé the preparatory’
. phase.
2. There are no significant differences between the
time interval for the pre?aratory'and action phases.
3. . There aré no significaht'gifferences between the
angle of the elbdQ at release. “
4. Tﬁere are no signifiéant differences between the
height of release of ﬁhe object; |
S. There are no significént,@ifferences between the

angle of maximum layback.

Limitations

l. Filming was doné in only one plane.

2. A three dimensionai perspéctive was lacking during
the plotting of segmented end points.

3. Filming was not done during a game condition.

4. Throwing accuracy was not considered as part of the

5. Only the preparatory and action phases were analyzed.
6. Subjects' skill levels varied.

7. Stance, grip, and dropback movements were not




considered as part of the preparatory phase.
8. Only the passing»arm was analyzed.
9. Only one size of shoulder pads were availabie.
10. Only six subjects were analyzed.
11. Only fight handedlqﬁarterbacks were uéed.

12. Velocity was nbt included as part of the study.

Assgmptions

The following aésﬁmptions were reccgnized;

1. It was’assumed that,the'reggarcher could objectively
and reliably iaentify,'on the digiti%er, thev22 segmental
endpoints for the specified frames.i

2. It was assumed that the-quafterbacks»uéed'thebsame
métion when filmed as they would hav§ in game conditions.

3. It was assumed that the quarterbacks were not
having any physical orx psychologicai problems'that would

affect their performance.

Definition of Terms

Abduction of Upper Arm - raising the upper arm sideward,

-until the arm is paralled to the ground.
~ } .

Action Phase - the phase'from the time the shoulder

starts forward until the ball is released in the forward
passing motion in football.

Angle of Elbow - the angle which is formed by the upper

e



arm and the forearm.

catchable Pass - any pass the receiver does not have to

jump for, take more than one step to either lateral direction,
or catch after the ball bounces.

Cinematography - the method of filming and analyzing

human movement through high speed photography.

Cocking of Arm or Ball - the placement of the ball into |

a position where it is ready to start forward.

Elbow Extension -~ ihcreasing the angle of the upper arm
and forearm until 180 dégrees is reached.

' Horizontal Abduction - movement backward of an abducted

upper arm in the horizontal plane, accompanied by retfac~
tion of shoulder and scapula.

Horizontal Adduction - forward movement of an abducted

upper arm in the horizontal plane, including protraction of
the shoulder and scapula.

Lateral Rotation - the actiqn of the humerus which is

caused by outward rotation around its long axis, occurring

at the shoulder jéint.

Medial Rotation - the action of the humerus which is
caused by inward rotation around its long axis, occurring at

the shoulder joint.

Ppraratory Phase - the phase of the passing sequence

beginning when the non-throwing hand parts from the ball,



and the throwing elbow starts backward and ending when the

shoulder starts forward.

Pronation of Forearm - inward rotation,of the forearm
turning the palm downward toward the ground.

Prétective Equipment - the use of shoulder pads and

helmet when testing.

Quickness of Release -~ the total time required to

deliver the ball stafting at the beginning of the prepara-
tory stage and ending at release.
Release ~ the time when the ball is no longer in

contact with the passing hand.



CHAPTER II
REVIEW OF RELATED LITERATURE
The review of literature presented in this chapter has
been divided into thrge sections: (1) overhand th:ow: (2)‘

football pass; and, (3) summary.

- Overhand Throw

In paésing a football, the main objective is to have a
smooth, quick, accuraté delivery, using the force producing
levers fully‘ahd in corréct sequence. This is not easily
achieved, ﬁut through practice a thrower can become a good
passer (Read, 1974). |

When looking for qualities in a passer, it is important
to look at what mechanical difficulties the passer is having.
-In evaluating a passer's mechanical qualities, individual -
differences must bevaccounted for. Each élayer has unique
qualities and body make-up, which will ngéeésitate for some
individual variations in the mechanics of his forward passes
(Read, 1974). | |

The forward pass in football is basically an overhand
throw that must be quick, forceful, accurate, and delivered

high enough to clear the hands of the on rushing defensive

.
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lineman. Theisman (1975) described the passing motion as
having the ball held high by the back Shouldef, then cocking
the ball while beginhing to stride forward wiﬁh the left leg.
The elbow then leads the forearm while the weight moves for-
~ward té the left leg through the use of hip and trunk ro-
‘tation.‘ The béll is then released with the elbow slightly
flexed and tﬁe hand just in front of the right shoulder.

Although limited studies haﬁe been completed on passing
a footballA(Purvis, 1940; Mikszewski, 1968; 0'Quinn, 1968)
a number of studies have analyzed the overhand throw in |
baseball (Atwater, 1970; Broer, 1970; collins, 1960; Fisk,
1976; Peterson, 1975). Tﬁe baseball throw is a basic over--
hand pattern, but differs from the football pass because of
" the time element and size of the object.

Broer (1973) explained that the longer the backswing,
the more time to work up momentum in thrq;ing a»baseball.
In most of these baseball studies (Atwatéf, 1970; Broer,
1970; Collins, 1960; Peﬁerson, 1975) the thrower had no time
limit to complete fhe fhrow. thus the subjecté could use a
longer'backswing with more time to develop momentum. A
quarterback is trained and 1éarnsvearly that the pass must
be delivered quickly to avoid rushing defensive linemen,
therefore taking away the luxury of a long backswing.

Levers of Importance. The summation of forces is
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necessary to produce a great amount of veloci%y on a thrown
object (Collins,_l960); There is iittle disagreement that
in order to produce a high velocity throw, the more body
parts tha£ are brought into'fheAacﬁion, if timed correctly,
‘the bettefh(Atwater, 1975; collins, 1960; Fisk, 1976;
Peterson, 1975). - The throwing motion has been defined as a
properly timed coordination of.écceleratiops and decelera-
tions of‘all body segments in a sequence of action from the
left foot to the right hand that will prodqpe maximum veloc-
ity to the right hand (Peterson, 1975). '15 thevétudy done
by Atwater:(1975), subjects who had the gréatest ball
vélocity‘at release were those with the mo;t rapid sequential
accelération and deceleration of trunk and?arm segments
prior to release when throwing a softball;a |

Fisk (1976)'suggested that a great déal of individual
differences and variationé exis£ such as arm action, grip,
preparatory elbow angle, height of'releasé, cocked positi&n
6f the wrist, ahd ways in the transferring of weight. Even
so, the basic heed for the summation of forces is necessary
for maximum velocity. Fisk (1976) also found the fundamen-
tal componénts of the overhand throw to.be>the following:
transfer of weight, hip rotation, trunk and shoulder
rotation,'médial rotation of.thé humerus, elbow extension,

wrist flexion, and forearm pronation. These areas can be

-
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combined into three more general areas: (1) arm action}
(2) trunk rotatioh{ and, (3) hip rotation.

In a'study‘by Peterson (lQ?S)_thé'éercent 0£ contri-
butions of body segments for the overarm throw for total
ball velécity was recorded. These findings were as follows:

hip rotation including leg force - 36.6 percent; trunk and

shoulder girdle rotation - 15.4 percent; arm action - 24.4

percent; and, hand (wrist action) - 23.6 percent,‘ Both Broer

- (1973) and Hoshikawa, Miyashita, Oguri, and Toyoshima (1971)

found similar results in the contributing factors of the

overarm throw. Approximately 50 percent came from the hip
and trunk fptation. These two studies contradicted the
results of é‘study done by Collins (1960). In this study,
thg contributibn'of forée pfoducing factors wefé as follows:
wrist action - 60 percént: hip rotation - 20 percent; arm
action ~ 4 percent; and, trunk rotation - 16Apercent.'
Coilins (1960) did mention-fhe_faét that in his study the
wrist was already moving forward before'the aétual wrist
flexion occurred, which pdssibly would account for é higher
percenﬁage_of contribution recorded in the study than the
wrist actually gives. | |

According to Atwater (1970), and Cooper and Glassow
(1976) thé'shoulder action of medial rotation of the humerus

is the most outstanding characteristic in the overarm throw.
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This part of the throwing motion gives the ball the forceful
spap heading into release. The forward pass‘in football has
to be released high Qiﬁhyan overhand motion, There is littie
wrist flexion imparting velocity on the football (Dawson,
1972; Read, 1974; Theismann, 1975). |

Cooper anerlassow (1976) reported that neﬁt to wrist
flexion, ﬁeéial :otation:is_the fastest joint action of the
upper iimb., They also reported that there is less w&ist
~action invthe forward pass in football than in a baseball
throw. This would tend to be in agreeﬁent with other authors
(Theismah, 1975; Dawson, 1972; Réad, 1970) that the wrist
action is not one of the primary force producing actions in
‘the football pass. The wrist and hand are used more for
control in the football pass. Plagenhoef (1971) reported
that the more ovefhand a throw, the more medial rotation
.df the upper arm at the glenohumeral joint occuré. Certain-
ly, the football pass is an overhand throw because it is
necessary for the football to clear thé defensive linemen.

The contribution of elbow extension as a fbrce'producer
is minimal according to Bréer (1972) and Fiék (1976). The
contribution of the extension of the elbow joint to velocity
resulted méinly from the torque produced in the arm as a
result of body rqtation (Hoshikawa, Miyashiﬁa, Oguri, and

Toyoshima, 1971). Cooper and Glassow (1976) reported that
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. elbow extension lengthens the arm to take advantage of hip'

"and spinal levers which produces greater total velocity.

‘Fdotballbpass

The forwérd pass'in footballxis a form of overhand
throw designed to release’the footbéll very quicklf.
accurately and forcefully;

Being able to release the faotbali quickly can be
aésisted by wheré'the ball is carried priox to'the prepara-
tory phase. Agthors vary.as’to tﬁe position to hold the~
fqotball»while.decidihg where and when to pass. Carlson
(1962) bglieﬁed ﬁhe ball should be cafried chest high, which
would enable a quick delivery and make it easy to pull the |
football back in if the pass rush getsvto the quarterback.
Smith (1970).VTheismann (1975), and welborn (1972) all agreed
that the football should be carried high and back by the
upper right shoulder. This Qould decrease the time needed
in- the préparatory stage.‘ |

The preparatory stage, knowﬁ as cocking the football,
is where the quarterback gets the ball in position to begin
to put forward force on the football (Theismann, 1975).
smith (1970) stated that some throwing quickness in cocking
and initial forward mqvement is good, however he stated that

care must be taken not to stress this too soon, or it will
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intérxupt the séquence of levers, which would inhibit force
'and accuracy. |

| According to Smithv(1970)’the shoulder position is the
single, mést important factor in the speed of delivery. The
shoulder can be held back in a position ready to come for-
ward, 'therefore eliminating the wasted motion of the back-
ward movement‘of the shoulder. COQper‘and Glassow (1976)
reported that the combinations of backward movement and
béginnihg contractions'Stretch the tendons and connective
tissue in the muscles, making the forward movement mwore
fdxcefui;

The utilization of hip and trunk rotation, along with
transfer of weight;-aré dependant on the‘sﬁride of the
passer (Namath; 1973). When a.passer steps fOrwérd. or
toward the target, a forward trahsfer of weight should occur.
This sh§uld aid the passer who,ﬁséd an exaggerated overhand
throw.-but there is less use of hip rotation in this type’of
vforwa:d step. A step to the left side‘of the target will
give the passer more freedom of hip rotation than that of a
forward stép (Dawson, 1972). Friedmaﬁ (1967) felt that
there is no other way for consistent accuracy than to.step
‘at the target. Dawson.(1972) and Namath (1973) stated that
a step ﬁc:the left with the left foot not only helps utilize-

arm power, but also the leg power, and hip and body rotation.
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The elbow is the factor that begins the éction phase of
the football pass and leads the arm through the throw.
Authors (Hay, 1973; Friedman, 1967: Theismann,vl975; Melphie,
1977; Welborn, 1972; Read, 1970) have sfated that the elbow
leads the throw, thus making the forearm a majbr lever.

‘The énglg of the elbow at release is not agréed‘upon by
some authors.  Atwater (1970) repdrted.that in aﬁ overhand
throw, the elbow at the time of'release»is almost fully
extended.‘ when it was extended, the~mcvement‘caused the'
ball to move to the right, ﬁpward, and:forward. A study
(Broer, 1967) done on OVerh;nd throwing with skilled women,
found that the ball was released well before full extension.
Dawson (1972) stated that the pass should be erught overhead

-with the elbow fully.extended.' Passing with this fofm.
Dawson (1972) felt that body rotation would maximized. A
comﬁon fault of passers is to 1e£ the ball get too close to
the body, thus losing freedom of the throwing arm (Read,
1970). Also, the quarterback must lock the elbow. If the
elbow is not locked, full range of the arm has not been
taken édvantage'of, and a snap pass results which is rarely
on target according to Read (1970).

The wrist must be straight and parallel to the body
with the fingers directiy upward until tﬁe ball leaves the

hand. This means that the wrist will only be flexed during
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 the follow through stage of the pass. 1In emphasiéing.this
point, Read (1970) stated that the most fundamental necessity
in passing is to keep the wrist straight. Dawson (1972) and
Theismann (1975) both éupported this opinion by stating that
the wristlmust be kept straight, with no twisting, and
brought down on release.

Namath.(l§73) felt that his style of passing a foot-
ball has qualifies in it that make his style différent from
others;' Namath#steps far to the left instéad of forward,
in Qrder to get mofe force outvof hip and trunk rotétion;'

' Because of the great amount of force gained by the hip
rotaéﬁon, the:ba11 is he1d out in front of the right shoulder
up high and back. After the hips begin to open, the left
arm and left shouldei begin to pull the body around in a
circular motion with the ball still held up, out, and back,
only slightly cocked. ’when using this typg of motion, the
quarterback achieves a shorter preparatorynstage resultiné
in a‘qﬁicker release (Namath, 1973). Alsé Namath (1973)
suggestgd thét if additional height is requifed by the
quartefback, the quarterback can lean to his left,” thus
raising the angle of thé upper arm upward, and getting the
ball higher. ' To sum up Joe Namath's passing style is to say
that it is a circular mofion using body rotation as a more

contributing force producer.
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sSummary .of Related Literature

As stated earlier, thete have been many writihgs on
passing the football, but little‘researCh has been reported.
The authors either felt thét prdtective equipment had no
effect on the paésing motion, or they did not feel it was a
necessary component to consider. There are few studies in
which body anéles during the throwing motion were defined
along the element éf timé and displacement. There are few
research studies that héve investigated,bhsic overhand
throwing patterns (Atwaterxr, 1970; 3foer, 1967; Collins,~
1960; fisk, 1976:‘Hoshikawa, MiYashita, Oguri, and
Toyoshima, 1971). However. tﬁere arebdifferences in the
football forward pass that do not gpply £o these studies.,
Thére are numerous articles and bogks written on the forward
pass (Carlson, 1962; Dawsch, 1972;'Eriedman, 1970; Namath,
1973; Purvis, 1940; Read, 1970:IAanTheismann, 1975) .

These writings only dgal with slow speed game films or na£ea
eye obsetvationé, In‘order to get hOre scientific findings
biomechanical research must be doné.to understand the ﬁrue

‘principles of the forward pass.




CHAPTER III
METHODS

The purpose of this study was to biomechanicelly
analyze the differences in the preparatory and action phases
of the forwarévpassing motion in football with and without
protective eduipment. The biomechanical daﬁa was obtained
through c1nematography. | |

The methods presented in this chapter are divided 1nto
the,following sections: subject selection; filming pro-

cedures; and, analysis procedures.

Subject Selecticn

Slx quarterbacks from the Unlver51ty of Wlscon51n -
La Crosse\football team, ages 18—22, were'selected as the
subjects for this study.’ The subjects were selected because
they had completed the spring workouts and had been thrOW1ng
to receiversvtwo or three times a week for at least three
weeks. Five of the si# subjects threw for two practice.
sessions with the protective equipment on during half of
‘their practice time. The'oﬁher.sdbject threw with proteci-
tive equipment on once, missing once due to illness. The

two sessions with protective equipment enabled the

18
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gquarterbacks to become accustoméd to the equipment before
filming took place. All subjects seemed to be in good

condition and none complained of having sore throwing arms.

Filming Procedures

This study was filmed on Memorial Field, of the
University of Wisconsin - La Crosse campus on Thursday,

May 3, 1979.

Filming Equipment. AA Cinei— 8, Super 8mm, highkspeed
motion picture camera loéded with 160 ASA Kodak Ekﬁach:ome
Super 8mm color movie film, was used to film the subjects
NEEgW¢§“;igh§ 1§tera;”yiew. The camera was run at 200 frames
per second with an exposure time of 1/450 of a second per
frame. ihe camera was placed on a tripod 45 feet away from
where the subjects se£ up tobpass (see figure 1).

The subjects_were)instructed to plant their fight foot,
on the fifth step of the dropback, wifhin a foot of a white
line which was oné‘yard left of the set-up marker. fhe
set-up marker was in line with the camera one yard back of
the area the subjects set up té pass in. yumber cards were
gsedvﬁo’recqrd the condition and trial. A one gééééﬁ;syeep

clock was positioned in the background in full view of the

provide for the scaling factor. Lighting was achieved
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through natural sunlight.

Football Equipment. ' A Wilson TD Football was used by

the subjects. This was the same type of football that was
used for all games aﬁd‘practices except those practices that

were rainy, when rubber balls were used. Rawlings' Crusader

the subjects. Subjects wore either a Riddell "Pac 3"

 football helmet, or a Kelly Geodetic Suspension football

helmet. A white game jersey was worn by:;he subjects and

this number was used to indicate the subjéct's number. The

subjects wore shorts which facilitated logating lower body

segmented end points during analyéis. All subjects wore

football shoeé made of molded soles which were in good

condition.

Collection of Data. Before the filming session, each'
subject was allowed to warm up és much as he liked until he
felt comfortable and loose. The subjects had to adjust |
their starting spot so that Qhen'complefingba normal five
sﬁep drop, they would be setting up in the area designated
by the'set~up marker. They wbuld then set up and pass to a
receiver standing 25 yards from the set-up markér. The
F;ialnggmacceptedrif the ball gépwto the receiver and was a

catchable'pass determined subjectively by the author. Thg:

receiver was the same for all subjects.
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Whether the subject was filmed with or without pro-

tective equipment was determined by random selection with

replacement. Two slips of papér the same size were taken

for the selection. On one "W" was written indicating that

the subject would throw with protective equipment on first.

The other slip of paper had "W/0" indicating that the subject

“would throw without protective equipment on first. The two

" slips of paper were then taken by this researcher and held

in front of the subject in closed hands. The subject was

instructed to pick one of the hands. The élip in the hand

picked would then be the condition in which the subject

would start. This pfocedure resulted in five of the six

subjects throwing without protective equipment first. Each

subject was given four trials with at least three of the

trials being evaluated as a catchable pass.

If only two of

the trials resulted in a catchable pass, then another trial

was completed. Also, if the subject slipped
up, the trial was taken over.‘ If all trials
as a catchable pass, then trials two, three,
used for the study. All subjects threw both
consecutively. |

The subjects were unaware that they had
for their delivery. The subjeéts were timed

instant they planted their right foot on the

when setting
were evaluated
and four were

conditions

a time limit
from the

fifth step of
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their dropback until the ball was released. The subjects

were allowed 1.5 seconds during this time or the trial was

‘not accepted. All of the subjects stayéd under this time

limit in all of the trials.

Analysis Procedures

The films were examined by means of a Lafayette
Analyzer, 8mm projector, to make sure that the trials
selected were clear and visibie, Four f:gmes were selected
from the preparatory phase and four framg$ were selected-
from the action phase. The preparatory.grames were: (1)
separation of left hand from ball; (2) eﬁg of horizontal

abduction of upper arm; (3) end of abduction of upper arm;

“and, (4) right shoulder starting forward. The action frames

were: (1) elbow starting'forWatd: (2)-m§gimum layback of
lower arm; (3) elbow extension:‘and, (4)’;elease.

Segmental end points were located fq?leach frame through
the use»of a Numonics 1224 Digitizer. Tﬁé 22 segmentai end
points taken were: right_hand éxt;emity;{right ulnar styloid
process; right elbow; right coracoid proeess: left cora¢oid
process; left elbow; left ulnar styloid process; left hand
extremity; right foot extremity: right medial malleolus;
right center"of knee; right greater troqhanter; left gfeater

trochanter; left center.of knee; left medial malleolus;
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left foot extremity; tragus of ear; top of stérnum;‘crotch
or midpoint of trochanters; center‘of gravity of an object;
top of head; and, a referenée poipt (see figure 2). The.
verticle and horizontal coordinates were recorded through the
vuse of a teletype on paper ﬁape. This data was then
transferred to a disc file and processed at the University
of Wisconsin ; La CroSse Computer Center, applying the

FILMDAT program.

Develpoment of Instruction

Upper Arvanqle. The angle: of the upper arm during the

preparatory and action phases were.calculated to détérmine
if‘the protective equipment affected the subject's ability
to keep the angle of the upper arm similar to that aﬁgle
taken without protective equipment. The data was taken from
the Summary of Bédy Segment Analysis by Frame,‘which is
given as part of the FILMDAT program printout. The angle’
was measured in degrees. |

Time Interval. The time interval for the preparatory

and action phases wé:e taken for each frame interval. The
data for the time interﬁal was taken from the numbexr of
frames to the next action phase of the passing motion. When
filming at 200 frames per second, each frame takes .005

seconds. By determining the number of frames to the next
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FigureAZ

Representation of the 22
Segmental End Points
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action phase and multiplying by .005, the time betweén
action phases was calculated. This time was then compared
with the one second sweep clock that apﬁeared in each frame
as a means ofvcheéking camera speed. This was calculated
to determine if there were significant differenéeé in the
time used for each.part of the passing motioh, with and

~ without protective equipment.

Angle of Elbow at Release. The elbow angle at time of

release was computed from the data given in the Summary of
Body Segment Analysis by Frame for the right 16wér arm aﬁd
the ri§ht upper arm. To findlthe éngle of the elbow a£
‘release from this data, the angle»of the upper érm was
subtraéted ffom tﬁe.anglé of the loﬁer arm. This number,
in degrees, Qas then subtracted from 180 degrees-and'the
result was the angle of the elbow at release. The angle of
the elbow at time of release waé detgrmined to see if

protective equipment affected this angle.

Heigﬁt‘of Release. The height of release of the object
was calculated to see the effect protect;ve eqﬁipmeht had on
how hi§htheuf00tball is at the time of release. The height
of release.was calculated through data takeh from the‘
Cbgnitive Valués in Feet printout. The vertical (Y) value
for the right shoulder at the time of rélease was subtracted

from the vertical (Y) value for the football. The diffefence
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was assumed to be the héight of release of the: football.

vAngle of Maximum Layback. The angle of maximum layback

was taken to see if the protective equipment interferred

- with the éubject's dégree’of freedom fér natural layback
whenvprotective equipment was not worn. Data was taken from
the Summary of Body Segment Analysis by Frame for the right
lower arm. ‘A(comparison of the angles was made to see if a
signifiéant difference existed with and without protective

equipment.

Statistical Treatment of Data

An average was taken for the three trials for each
subject under each condition, with and without protective
"equipment. A correlated "t" test was used to test the

hypotheses at the .05 level of significance.




CHAPTER IV

RESULTS AND DISCUSSION

Introduction

The purpese of this study was to biomechanically analyze
the differences in the preparatory ana action phases of the
forward passing motion in football, with and without protecs--
tive equipment. The biomechanical data presented in this
study are presented in the following sections: (1) angle of
the upper arm at the beginning of the preparatory phase;

(2) timing interval for the preparatory and action phases;
(3) angle of the elbow at release; (4) height of release; and,

(5) angle of maximum layback.

Subjects

The subjects selected were all college quarterbacks at
the University of Wisconsin - La Crosse. All of the subjects
were returning for the following football season and were
previously involved with the UW -~ La Crosse football spring
workouts. All of the subjects had quarterback experience in
high school. Subject No. 20 was a transfer freshman quarter-
back with one year of varsity playing experience at the
college level. He was 6'3" tall and weighed 188 pounds.

28
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Subject No. 21 was a 5'11", 175 pound éophomore quarterback
with one year of freshman playing experience and one year of
varsity experience. Subject No. 23 was 5'll" talliand weighed
195 pounds. He was a fresﬁman quarterback with one year of
freshman playing experience. Subject No. 24 was a junior
quarﬁerbaék with oné Year of freshman experience and one

year of varistf experience. He was 5'l1" tall and weighed
170 pounds. Subject No. 25 was a junior quarterback. He was
6'2" tall and weighed 205 pounds. 'He had one year of fresh-
man experience and two years of varsity experience. Subject}
No. 26 was a 6'0", 160 pound freshhan qguarterback with one

year of freshman playing experience. None of the subjects

complained of any injury or illness at the time of testing.

Angle of the Upper Arm

To determine if the protective equipment affected the
position of the upper arm at the beginning of the preparatory
phase, the angle of the upper arm was taken from frame 1.

?Pe mean for the six subjects was considerably close when
comparing the upper arm angle of the subjects at the begin-
ning of the preparatory phase with and without protective
eqﬁipment‘as seen in Table 1 (Table 1 and all subsequent
tables are the average of 3 trials for each subject). The

mean for the upper arm angle at the beginning of the
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Table 1

Average of 3 Trials for the Angle of Upper
Arm at the Beginning of the Preparatory Phase

without _ : with

Subject Protective Equipment Protective Equipment

(degrees) ‘ (degrees)
20  234.9 | 233.8
21 208.9 ' 202.9
23 246.8 246.3

24 212.7 '222-7:
25 248.7 238.6
26 218.3 214.3
Mean 228.4 226.4

preparatory phase when the subjects were without protective
equipment was 228.4 degrees, compared to 226.4 degrees when
using protective equipment. The calculated "t" value of
.7019 was not significant at the .05 level, thus the nuli

hypothesis, that there is no significant difference in the

angle of the upper arm at the beginning of the preparatory
phase, was accepted ("t" value of 2.015 was needed for

significance at the .05 level).

Time Intexrval

The time intervals for the preparatory and action phases
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werévtaken to determine if protective equipment had a
significant effect on the time elemeﬁt of passing a foot-
ball. This time was divided into the preparatory and action
phases.

The mean for the time interval of the preparatory phase
for ﬁhe six subjectg éhowed little différence between using
and not using protective équipment.as seen in Table 2. The
mean for the time interval of the prepératory phase for the
six subjects was .2088 seconds when passing the football
without wearing protective equipment, compared to .2050
seconds when passing the football while protective equipment
was worn by the quarterbacks. The‘calculated "t" value of
.4669 was not significant at the .05 level, therefore the
null hypothesis, that there is no significant difference
between the time intervals of the preparatbry phase, was
accepted.

The averages for the time interval of the action phase
for the six subjects also showed little differences between
using and not using protective equipment (see Table 2). The
average of the time interval of the action phase for the six
subjects was .1788 seconds‘when passing the football without
wearing protective equipment, compared to .1873 seconds when
passing the football while wearing protective equipment.

A value of 1.212 was the calculated "t" value. This value
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was not significant at the .05 level therefore accepting the
null hypotheses, that there is no significant difference

between the time intervals for the action phases.

'Table 2

Average of 3 Trials for the Time Intervals
for the Preparatory and Action Phases

without with

subject Protec:iz:oigzipment Protecrézzoggzipment
Preparatory Action Preparatory Action

20 .207 .191 .218 .212

21 .199 .189 .187 .197

23 .210 .203 .199 .208

24 .219 .146 .190 .175

25 .224 .142 .214 .152

26 | .194 .202 .222 .iBO

Mean .209 .179 .205 .187

Angle of Elbow at Release

The angle of the elbow at release was calculated to
detérmine the possible effect protective equipment made on
this angle when passing a football. The mean of the angle
of the elbow at release for the six subjects were similar
when‘compared to using and not using protective equipment

‘as seen in Table 3. A mean of 123.6 degrees was found when
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the'subjects passed without protective equipment compared

to 120.0 degrees when protective equipment was worn. The

calculated "t" value of 1.728 was not significant at the

.05 level. The null hypothesdis which states that there is

no significant difference between the angle of the elbow at

release with and without protective equipment, was accepted.

Table 3

Average of 3 Trials for the Angle
of the Elbow at Release

Without ‘ With
Subject Protective Equipment Protective Equipment

(degrees) (degrees)
20 124.4 115.3
21 145.5 138.1
23 118.1 | - 120.0
24 125.3 117.4
25 90.8 ' 91.5
26 137.4 137.8
Mean 123.6 120.0

Height of Release

The height of release was measured to ascertain the

effect of protective equipment on the subjects"ability to

release the ball at the height that was achieved without
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_protective equipment. The averages for the height of release

fér the six subjects varied very~lit£le when the two con-
ditions of using and not using protective equipment were
compared (see Table 4). Aﬁ average height of 1.896 feet

was acﬁieved when the subjects passed a football without
wearing protective éqﬁipment compared to an average of 1.872
feet while préteciive.equipment was worn. The calcuiated N

value of .7821 was not significant at the .05 level, there-

fore accepting the null hypothesis that there is no sig-

nificant differences in the height of release when comparing

passing motion with and without protective equipment.

Table 4

Average of 3 Trials for
the Height of Release

Without ‘With
Subject Protective Equipment Protective Equipment

' (feet) (feet)
20 ' : 1.900 1.813
21 ‘ 2.043 2.010
23 2.010 ‘ 2.083
24 l.923» 1.827
25 1.450 1.517
26 2.050 1.980

Mean 1.896 1.872
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Anqle of Maximum Layback

A final comparison was made on the angle of maximum
layback. This comparison was calculated to determine what
éffect protective equipmen£ had on the range of motion of
lateral rotation. The mean of the angle of maximum layback
for ﬁhe six subjecté Vafied by 3.8 degrees when comparing
using and not Qsing protective equipment (see Table 5). A
mean of 176.3 degrees was found when the subjects passed
without protective equipment compared to 172.5 degrees when
protective equipment was worn while passing. A "t" value of
2.569 was caléulatea. This value showed significance at the
.05 level, therefore rejecting the null hypothesis that there
are no significant differences in the angle of maximum lay-
back when comparing the paséing motions of the subjects

throwing with and without protective equipment.

Discussion

Through iooking at the statistical results of this
study, only a small variance in the subjects' passing motion
occurred when comparing throwing with and without protect-
ive equipment for four of the five hypotheses tested at the
.05 level. The only hypotheses rejected at the .05 level
was that involving the angle of maximum layback. The five

hypotheses tested were: angle of the upper arm at the
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Table 5

Average of 3 Trials for the
Angle of Maximum Layback

without with |
Subject Proteqtive Equipment Protective Equipment
(degrees) (degrees)
120 ’ ~ 188.5 ' 187.7
21 | 177.2 | 171.1
23 177.8 172.5
24 | 178.3 173.6°
25 » 158.5 160.3
26 | 177.4 169.8
Mean 176.3 . 172.5

beginning of the preparatoy phase; time interval for the
preparatory and action phases; angle of the elbow at release;

height of release; and, angle of maximum layback.

The change in the angle of the upper arm at the beginning
of the preparatory phase was so slight that it would not
hinder a quarterback's throwing motion or time of delivery.
This angle's importance is related to the time a quarterback
‘uses to release the football, especially in the preparatory
phase. The upper arm angle will decrease the release time
if this angle is near 180 degrees.  In this study protective

equipment did not affect this angle. One of the possible
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reaéons protective equipment did not affect this angle is
that the quarterbacks did not have tﬁeir elbow high enough
when they wefe not using p;otective equipment, at the
beginhing of the preparatory phase, thus not having the good
high elbow to compare with when adding protective equipment.

The small difference in the angle of the upper arm may be

the cause for the small difference in the preparatory time

between the conditiqns with and without protective equipment.
The action phase also:ﬁad nb significant difference in
the time between thg two conditions. Less than .0l seconds
existed between throwing with and without protective equip-
ment. This time is crucial for the quarterback because the
pass must be delivered as quickly as possible before the

defense can react.

Although there was a 3.6 degree difference in the angle
of the elbow at release, this difference was not significant
at the .05 level. The differences in some of the individuals
were greater and may cause some of the quarterbacks to adjust
their throwing motion by possibly taking away some length of
the lever of their arm when using protective equipment. If
this adjustment is hard for the quarterback to make then his
passing performance may be affected.

The mean of thé height of release without protective

equipment was nearly identical to the mean obtained with
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with protective equipment. There wasAless than one half
ipch difference between the two conditiqns. The height of
release is important to the quarterback because the football
must be released high enouéh to clear defensive linémen.

The angle of maximum layback had the largest differences
of the five a;eas"tésted between the two conditions with and’
without protective equipment. There was 3.8 degrees less
in lateral rotation when protective equipment was used, thus.
being large enough to show a sighificant difference at the
.05 level. This angle is very important in the throwing
motion and could affect the velocity of the pass when the
angle of maximum layback is reduced. Both Atwater (1970)
and Cooper and Glassow (1976) have reported that medial
rotation of the humerus is the most outstanding character-
istic in the overhand throw. Medial rotation occurs once
lateral rotation is completed. The completién of lateral
rotation is the angle of maximum layback. The velocity of
a pass is affected mostly by the force applied through
medial rotation. Because of this, it would be important to
keep the natural maximum layback from being affected by
protective equipment.

\‘/The results of this study indicate there were no sig-

i

nificant differences for four of the five hypotheses tested.
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Although there was no significant difference»in four areas,
the protective equipment did hinder fhe angle of maximum
layback enough to show a significant difference at the .05
ievel. It is this author's opinion that the protective
equipment limits the passing performance of a quarterback
becahse the angle 6f.méximum layback is the most important

force producer in the overarm throw.




CHAPTER V

CONCLUSIONS

Summary

The forward pass in football is a difficult skill per-
formed under the advefse conditions of having defensive
players attacking the passer. The importance in peffecting
this skill is crucial to the suécess of many teams. Most
of thg studies on the»passing motion todayvhave been done
through the use of slow speed game films or naked eye obser-
vaticn. The purpose of this study was to biomechanically
analyze the differences in the preparatory and action phases
of the forward passing motion in football with,and without
protective equipment. Cinematography was used for this
biomechénical analysis. All six subjects were filmed while
throwing the football at 200 frames per second with and
without protective equipment. All of the subjects were
quarterbacks for the University of Wisconsin - La Crosse
football team, and all six subjects had high school quarter-
back experience along with at least one year of college

quarterback experience.
The following data were obtained after analysis of the

40
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film; angle of the arm at the beginning of the preparatory
phase; time interval for the preparaﬁory and action phases;’
angle of the elbow at release; height of release; and/ angle
of maximum layback. Eight.frémes were digitized from the-
separation of the ball and the left hand to the point of
releése. Three tri&ls were used for each of the subjects
under each conéition,-and’each frame was digitized three

times. The average of these three trials were used to

represent the individual's values.

Conclusions

|Based on the analysis of the data collected in this
study the researcher concluded that the only significant
difference in the throwiﬁg motion of quarterbacks when
compared under two conditions, with and without protective
equipment, occurred in the angle of maximum layback{f The
researcher based this statement on the basis of the data
collected, which indicated no significant differences in
four of the five areas tested. However there was a signifi-
cant difference in the angle of maximum layback between the

two conditions.

As stated in the related‘literature, medial rotation
is the outstanding characteristic of the overarm throw and

it's importance is even more so in football. The wrist
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imparts little velocity to a thrown féotball because it must
be kept straight to guide the footbail. The medial rotation
occurs once lateral rotation is completed. The more lateral
rotation there is, the farﬁher back the angle of maximum
layback can become. The force producedvby this layback is
the @ajor factor prbdﬁcing velocity in the forward pass in
 football. Because the protective equipment does hinder

the throwing motion in this aspect the passer might lose
some force in his pass.

Apparently the protective equipment does not greatly
affect the height of release. Height of release is achieved
more through positioning the shoulders on an angle with the
left shoulder down and the right shoulder up. This research-
er believed this to be important because the elbow can then
remain in line with the shoulders. This positioning is
important because medial rotation can occur at a position
where it will be most forceful, directly in line with the
shoulders.

This study does show that there is a significant differ-
ence in quarterbacks' passing motion when compared under the
two conditions stated and the procedured used. This re-
searcher does feel that there is a need to look at the pro-
tective equipment for the quarterback to see if any adjust~—

ment can be made to help eliminate the reduction of the angle
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of maximum layback.

Recommendations

The following suggestions are recommendations for
furfher study:

1. Conduct a similar study usihg more subjects as well
as varying the distance of the thréw.

2, Conduct a siﬁilar study utilizing either three
cameras or a three dimensional view.

3. Conduct a similar study using éelected shoulder
pads of different structure and make.

4. Conduct a similar study during football season when

a quarterback should be at his passing peak.
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