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Abstract:

A study was conducted to investigate the relationship between lower extremity alignment and the
achilles tendonitis syndrome in Bozeman, Montana residents who are known to exercise on a regular
basis. Selected measures describing the alignment of the lower extremity of 29 subjects were taken.
Data were collected and organized into three groups: Group I - no achilles tendonitis; Group 2 - past
achilles tendonitis; and Group 3 - present achilles tendonitis. The data were analyzed by a t-test of
means and F-ratio of variance.

A significant difference was found in eversion and dorsiflexion with the leg straight using the t-test for
Group 1 - no achilles tendonitis and Group 3 - present . achilles tendonitis. The F-ratio was applied to
these two groups and a significant difference was found in external rotation with the hip flexed.

Group 1 - no achilles tendonitis and Group 2 - past achilles tendonitis were found to have significant
differences in means in inversion and forefoot varus and a significant difference in variance using the
F-ratio in forefoot varus.

Inversion, eversion and forefoot varus were measurements found to be significantly different between
Group 2 -past achilles tendonitis and Group 3 - present achilles tendonitis using the t-test of means.
The F-ratio between these two groups found external rotation with the hip flexed to be significantly
different.
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ABSTRACT-

A study was conducted to investigate the relationship
between lower extremity alignment and the achilles tendonitis
syndrome in Bozeman, Montana residents who are known to
exercise on a regular basis. Selected measures describing
the alignment of the lower extremity of 29 subjects were )
taken. Data were collected and organized into three groups:
Group 1 - no achilles tendonitisj Group 2 - past achilles
tendonitis; and Group 3 - present achilles tendonitis. The
data were analyzed by a t-test of means and F-ratio of
variance.

A significant difference was found in Gversion and.
dorsiflexion with the leg straight using the t-test for
Group 1 - no ‘achilles tendonitis and Gtroup 3 - present .
achilles tendonitis. The F-ratio was applied to thése tWwo
groups and a significant difference was found in éxternal
rotation with the hip flexed.

Group 1 - no achilles tendonitis and Group 2 - past
achilles tendonitis were found to have significant dif-:
ferences in means in inversion and forefoot varus and a
significant difference in variance using the F-ratio . in
forefoot varus.

Inversion, eversion and forefoot varus were measure-
ments found to be significantly different between Group 2 -
past achilles tendonitis and Group 3 - present achilles
tendonitis using the t-test of means. The F-ratio between
these. two groups found external rotation w1th the hlp
flexed to be significantly different.
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INTRODUCTION

Achilles tendonitis has plagued distance runners and marathoners

for years, with .numerous types of treatments yielding varying a-
mounts of relief to victims of this overuse syndrome; In a study

by Dr. Richard Schﬁster_in Runner's World magazine., it was found

thac 17.5 percent of the runners suffered from achilles fendbnitis
(N = 1600) (2). Dr. Sheehan, a cardiologist end running e#pert,
states that a muscular and structural cause for achilles tendoni-
tis can be noted. A Grecian foot or Morton's-foot with a short
. big toe,. Hagland's deformity or bump on-eicﬁer side of the back

of the heel, or"signs of an unstable heel and presence of abnorméi
strain cord comprises structursl causes for achilles tendonitis
(30). Dr. John Pagliano states that excessive tw1sting of the heel
“bone (calcaneus) can cause rotation of the calcaneus and since the
achilles tendon is attached to the back of this bone, it becomes

stretched beyond it's normal length. (34).

The biomechanical explanatiqns for injury to the achilles

tendon has led to the advancement of a preﬁentative—type'treatment,

orthotics or shoe inlays. The premise of orthotics as stated by
podiatrists who have developed and advocated thlS treatment, is

'that without proper foot alignment, the foot strikes the ground
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improperly and the entire leg works - improperly. Wﬁen that odd
shock is absorbed 1,000 times a mile, there is trouble at most
vulnerable points (13). The foot doesn't function properly as
a shock absorber or lever for the propulsion phase of the gait.’
Orthotics correct the improper alignment so that the foot meets
the ground within the anms. The trgafment has in practice given
relief to a large number of runners as described by one runner:

I was a one-man disaster area: tibial varum, cavus

‘arch, equinus foot, recto-calcaneal exaotosis of the

heels and a bunch of other words I didn't understand.

.He put elastic inserts in my shoes - "golden arches”

they came to be called. In my case they had to be

done and I'm glad I found the podiatrist when I did.
(34:31)

Recently increasing numbers of theories have been formulated as to

. the use of rigid or soft orthotics and the merit of orthotics is
becoming more widely accepted by runner, podiatrists and doctors.
However, research is limited in this area as stated by Dr. Rob
Roy_McGrégor, a Boston podiatrist, in a éefsonal'iettgr: "I thiﬁk
your subject is fascinating and not—a—well-undersfood-one.“ (ZQ)
The fglléwing study Wés done in order to determine if thergl
is ;ny relationship between leg alignment, flexibility, and range
of motion measurements and those people who have the over-use
syndrome of achilles tendonitis. The results will give partial
data to supéort or disallow the preﬁise of orthotics in treatment

and prevention of achilles tendonitis.




Statement of the Problem

Generally, tﬁe purpose‘of-this study was to examine the possi-
bilities of a relationshiﬁ between leg alignment, flexibility,
and range of motion measurés of the leg, and the absence, pasf or
present histdry‘of achilles tendonitis. The prediction of échilles-
tendonitis from an décufrence of certain abnormal alignment charac-
teristics was examined.

‘Séecifically-this study ﬁeasured thg.degrees of ﬁotion of
inversion and eversion at the sub;alar joint, forefoot varus and
valgué, flexion at the'ank;e joint with the kpee:éx;ende& and
straight, hip rotation with the hip extended and'flexed, hgmétriné
. flexibility, frontal plane position of the tibia and subtalar jqiﬁt”
in neutral position and étafic angle of gait, calcaneal posifion
to the floor with the subtalar joint in neutral position and static
-angle of éait. The fourteen alignment measures Weré_coﬁpared to
ﬁhosé who have had no history of achilles tendonitis, a past. history
oﬁ achilles tendoﬁitis, or pfesently suffer from achilles tendonitis.
The possibility of prediction -of thé océurrence.of'échilles tendoni—
tis from specifié leg alignment factoré‘of a general alignment tténd

was examined.

Hypotheses
Null Hyﬁotheses. It was hypotheéized that there would‘be no
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significant difference between fourteen lower extremity alignment
factors and the absence or presence (past or récent) history’ of

achilles tendonitis. EacH of these groups of achilles tendonitis

subject could not be individually described by leg-alignment examina- -

tions. In addition, there would be no significant difference between‘

the occurrence to non-occurrence of achilles tendonitis and any. of

the alignment, flexibility, or range of motion meaéﬁres.

Alternativé-Hypotheseg. It was hypothesized that there would .
be a éignificant difference bétween fourteen leg-alignment, flexi-
bility, and range of motion measurements and the absencé, past. or
' present history of achilles tendonitis. Each group could be de-‘

scribed-indepehdently by leg-alignment measures, and the prediction

of achilles tendonitis c¢ould be made from specific aiignment measure .

" or a general trend of leg-~alignment.

The hypothesis ﬁould be individually accepted at .05 level of

significanée.

Definition of Terms

These terms were defined by Root (24) ‘unless otherwise noted.
Abduction. Abduction is the movement of part of the foot
away from the mid-line of the body.

Acute Achilles Tendonitis, Acute achilles tendonitis. is the

inflammation of the tendon or its sheath where pain is usually

s
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present only with ﬁrolénged running and éuﬁsiées with rest. Pain
may alss be noted while walking up stairs. Tendefness on examina-
tion is limited to a small area, usually loéated7one to two inéhes
ébovg the heel bone (4).. Achilles tendonitis is the inflamation of
the smooth fibrous cord or its lining (sheath) that connects the
calf muscles to the back.of the heel. |

Adduction. Adduction is the'movemént of part‘éf the foot

towards the midline of the body.

" Ankle Equinus. Ankle equinus is the structural'limitationjéf

the ankle joinf dorsiflexion.

Chronic Achilles Tendonitis. Chronic achilles téndbnitis is
;hé classification of tendonitis in which the area dfitendérness
is lérger than acute of sub-acute, and the tendon is often tﬁickened
aﬁd nodular (4).

Compensation. Compensation is the change of a' structure,

positién or function of one part in attempt by the body to adjust -

to deviations of structure, position or function of another part.

Dorsiflexion. Dorsiflexiqn_is the motion of the toes toward
the énterior'part of the iower ieg.'A |

Eversion. Eversion’is the movement in which the plaﬁtar sur- -
face of the foot or par£ of the foot's plantar surface‘is-tiltéd
éo face away from'the midline of the body.

Inversion. ‘Inversion is the movement in which the.plantar -
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surface or part of the foot's plantar surface is tilted so that

it faces towards the midline of thé body.

Leg Alignmenf. Leg alignment is the range of motion measure-
ments of the subtalar joint-and mid-tarsal joint, hip joint, and
hamstring flexibility, and calcaneal and tibial alignment.with the

subtalar joint in neutral and static angle of gait positions.

Midtalar Joint. The midtélar joint is composéd‘of two artiéulé—
tions; the‘tauls and naviéuiar foot-bone afticﬁlationvand the cal-
caneus and cuboid foot—boﬁe articulation.

Normal féotﬂ Normal foot is a term which repreSents a set of
circumstances whereby the foot will fuﬁctién in a manner which will

not create adverse physical responses in the individual. .

Plantarflexion. Plantarflexion is the motion of‘the‘toes a&ay
from the anteriérlﬁgrt of the lower leg. |
| .Pronatioﬁ. Pronétién is the simultaneous'ﬁotioﬁ of the'fqéf ;
in £he direction of abduction, eversion, and dorsiflexion. The foot
moves‘away from the body's midline, tHe plaﬁtar surface féces out-
ward, and the'toés move away from the anterior surface of the lower

leg.

Sub-acute Achilles Tendonitis. Sub-acute tendonitis is the
inflamation of the tendon or its sheath in.which pain is present
_when beginning to run and worsens when the subjects sprints. Find-

ings are the same as acute, except that'crepitus (grating sensation
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or sound) may be noted on active dorsiflexion and plantarflexion
of the foot (4).

Subtalar joint. The subtalar joint is composed of three arti-

culation (connections) between the talus and calcaneus foot bones..
Suginatidn. Supination is the simultaneous movement of the.

foot in the direction of adduction, inversion, and plantarflexion.

The foot moves towards the midline of the body, the plantar surface -

;urning inward, and the toes moving away frbm tﬂe ahferior $urface;
of the.lower leg. |
Valgus. Valgus is the everted structural position of the foot
or part of the foot,
'nggé, Varus is.the inverted structural position of a foot or

part of a foot. -

Delimitations

The study was delimited to subjects selected from a queétion— o
naire (see Appendix B) completed by Bozeman, Montana residents who .

exercise regularly during the 1976-1977 school year, and the absence,

past or present history of achilles tendonitis,

Limitations
The study was limited by the researcher and the instrument
used in collecting the alignment factors. The dial on the bicmeter

donated by Dr. Robert Phillips (23) had to be reglued during data
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collection. Also the dial was only on one side of thebtool, so that
when the opposite foot was.measured, the tool was inverted and‘re—

versed so that the diagl was read inda different position;

Age, sex and types of exercise were not held constant.

The time of measurement and the activity before the ﬁeasure—

ments were takén was not controlled. Some subjects had previouély
experiénced the leé—alignmént proéedures and theréfore might have
rel?xgd mére during this testing time. The medical history, diag- -
nosis and classification 6f,the subjects as éompiled by the '
researcher further limited the study. :fhe number of people'presengly
. éxperiegcing achilles téndénitis was limited, as the population of |
.the town and particularly those who are distance runners is.sﬁéll,
yielding a finite number qf present achilles-tendonitis_subjecés.

The difference of range of motion measuremenf between static angle

of gait and running will further limit this study.




Chapter 2

REVIEW OF RESEARCH AND RELATED LITERATURE

" Review of Research

The study was patterned after Lilletvedt's A Descriptive

Aﬁalysis of Foot Alignments and their Correlation to Shin Sﬁlints-

(18). The alignment measurements techniques for the examination,
data collection, and statistical treatment were éimilax in £his
study. Lilletvedt found a positive correlation, significant at the
.05 level, between six alignment measurements and the grouping of those
with shin splints. fhe alignment measures varied significantly from
the control group, those without shin splints. The alternative '
hypothesis was accepted for’six measuréments, and these same measuré—
' ments were.also accepted as éignificant, éf the f05 levél; of'p;e—
dicting the décurrence of sﬁin splints, |

Several hypotheées have been formgléted about the rélationship
of the‘foot and leg.alignment abnormalities and the occurrence of
the overuse syndrome of. achilles tendonitis. fn_é letter. from Snook
he postulates:

Some correlation might exist between alignment of the

leg and tenosynovitis in the peroneal and posterior

tibial tendons, as these tendons have to work around

the corner becausé of the anatomic¢al position behind

the malleoli, The achilles tendon however pulls in a

straight line and I personally feel that it is merely a
result of a tear.in the substance of the tendon due to .
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shortening. (33)
Sheehan has listed leg problems associated with foot weaknesses
and deviation, as achilles tendonitis, stress fractures and runner's
knee (15:685. Achiiles tendonitis is classified as an overuse
syndrome and Subotnick describes leg aligﬁméﬁ; abnormalities as a
causative agent.

This overuse syndrome 1s a combination of over-training

plus feet and legs that have intrinsic or extrinsic

imbalance. Intrinsic deformities are those in the foot

structure itself. Extrinsic deformities places feet at

an improper angle to the running surface. The feet contact

the surface and support the whole body during running,

and problems arise from shin splints to achilles tendoni-

tis. (35:37) -
Jesse hypothesizes that regardless of secondary acquired causes
- of foot deviations and weakness, the underlying cause is muscular .
imbalance at birth that is furthered bj human failing in the de-
velopment and maintenance of maximum strengtﬁ potential of foot
muscles and ligaments (15:65). A study was conducted on the effects
of prolonged pronation and there was found to be electromyographic
evidence that prolonged pronation causes various muscle groups to
remain contracted (35:49).

Several studies have been performed on treatment methods
_ for achilles tendonitié. Snook (31) did a case study on four

subjects who didn't respond to conservative treatment of achilles

tendonitis. Symptoms varied between cases, but ali_casés'did not
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seem to experience these symptoms if exercise was discoﬁtinued;‘ All
went through coﬁservative treatment of rest, cold applications,
followed by heat. therapy, anti-inflammatory medicine, and casting.
Becausé of poor responses, surgery waé performed to separate
-fib;pﬁs adhesiéns_ between the sheatﬁ.and cord. Snook advocates
éhis type of surgery for those who arevathletes, as achilles ten-
donitis doefn't seem to be a problem unless exércise is conﬁinygd,
and these athletes didn't respond to conSefvative tfeéément. A
similar case study was doﬁé.by Clancy and Brand )] 6n four sub-
jects, one having the condition in both legs. Agaih the subjects -
received treatment of rest; heel lifts, anti—inflamﬁa;ories, and
" ome subject was casted. Because of re—occurrence.bf achilles ten- ..
donitis surgery was performed. Upon exaﬁination of_shea;hs and
tendons, it was foundlthat'the sheaths had thickgped and holes were
found in the membranes. Tendons had tears that ranged ffpﬁ micro-
scépic,tp macro;coﬁic. Clancy felt th;t at the ﬁime of major
éeariﬁg of the teﬁdon,.itiwas chrdnicaily degeneraéi&é and inflamed
and this sugéests if was not normal at thézfime of rupture. 'The .

. . o : .
blobd supfly to the achilles tendon was bélieved-to"be é critic#l
f;ctor in the de§elopment of the small and lafgé percen£ages of the
structural rupture. Blood comes through éhe_meéotendoﬁ‘and goes to

specific areas but significant amounts go through the muscle and

tendon junction. This alteration of blood supply was felt to
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contribute to the subsequent large tears to a person with chfonic
achilles teﬁaonitis. Surgery to releasg chronically inf1émed tendon
-shedths and decrease the inflaﬁmatory reacfion, and increase the
blood supply, would decrease chances of macroscopic-tearsvto a
chronic achilles tendonitis condition.

- In relation to the treatment of achilles tendonitis, another
study was done by Mackie, Golden, Foss and Cockrell (5) on steroid
~drug therapy and 1ts contribution to achilles tendon ruptures in
‘rabbits. It was hypothesized that steroids weaken ten&ons, thus
increasing its éhance of rupture. Conclusions showed that the
.tendoﬁ's weight changed, but therg were no significantlchanges
in the mechanical propertiés to indicate they would bé'rﬁpturedl__
more easily. |

Research studies have been done in specific sport areas.
Leech summarized causes and treatment of achilles tendonitis in
skiers. A skier, thrown férward in a sudden deceleration fall
with the.heel plece failing to relievé can‘receive‘a rﬁpture or
tear to tﬁe achilles tend&n, as the boot holds the foot immobile
and the body continues'forwérd. In addition,_the'skier's Boot
pressure on the rear of the heel can cause irritation and inflém—
mation to the tendon or surrounding tissue. 'AISo, the heel is:
raised in a ski booé, and when the skier changes to flat shoés,:

stretching of the achilles tendon may occur (17). Therefore,
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from these factors, the skier is pfong to achilles fendonitis.
Glick and Katch (12) research musculoskeletal injuries in joggers.
Out of 120 joggers, twelve were reported to have injuriés:to their
achilles tendon, with four of the cases forced to stop jogging:
Glick comments, in his study, on the impoftapce of posturai con-
trol, which is related to lower leg alignment:

The.position of the pelvis is a key to poStufal con-

trol in running. Therefore any style of running as

swayback, places the pelvis in a bad position-and may

cause stresses on various body parts. Since most of

. the joggers wére novice runners, improper techniques

may cause episodes of pain in the back, hips and feet

that otherwise might not have occurred. (12:84)

Sinning and Forsyth (10) also did a study on running, in which™
the lower limb was examined at different running velocities. It
was discovered that the range of ankle joint movement feﬁains
constant at all running velocities. Movement patterns of knee
.extension and ankle plantar flexion and hip' extension on the sﬁpport'
- phase of running varied with different speeds. It waé found that

. the greatest contributor to the increase in épeed came from step

length and frequency.

~ Review of Related Literature

Description of the Achilles Tendon. The achilles tendon is

. a strong, smooth, closely-pécked fibrous tissue, whitish in color

that -attaches the triceps.surae‘muscie (calf muscle) to the . .
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tuberosity of the heel. This connective tissue lacks elasticity

and when stretched, loses power, regaining power when shortened

. ™ .
again. If an achilles tendon is shortened, as by wearing of high
heels or heel lifts built into mogt ski boo;s, dorsiflexion is '
limited and that condition is called ankle equinus. Tendons are
subjected to constant movement and friction with other tissues.

A éﬁeath or paratendon, is a tube-shaped structure of fibrous connec-
tive tissue that encloses the tendon. It's lined with a synovial
membrane of one to two 1a§ers ofy synovial lining cells that are

very vésculaf with many small vessels., _Synovium, a clear viscoﬁs
fluid, is secreted by the synoyial membrane. Pgoviding a moisf
surface, the synovia'l membrane enables the tendon to move éasily,

almost frictionless, in the tendon sheath. In a healthy tendon,

there is free play between the tendon and its sheath.

Classification and Description of Achilles Tendonitis. Achiliés
tendonitis can be classified into three groups; complete rupture,
partiél rupture, and tendonitis inflammation. In a complete rup—'
ture, the tendon’ may be torn apart, ruptured or cut. This tendon
is.very strong and isn't usually torn, even by injuriés forceful
enough to break bones or tear ﬁuscles;"Occasionally an injury-.

« (could occur where ‘the teﬁdqn is.palled away from the bone. The

tendon may become inflamed and is most commonly swollen'close. to

where it attaches to the bone.
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Téﬁdonitis or temnosynovitis is whére the tendon shéafh be-
comes inflamed. There are two forms of this, "wet" type, where
there is over—prod;ction of the synovium and a swollen tendon
results, or 'dry" type in which a creaking sound or sensation
(crepitus) is present when the tendon is moved. Usually there
is free play-betwéen tbe tendon and its sheath, but sometimes they
adhere, adding to the "dry" type of tenosynovitis. If the inflam-
mation is near the attachment to the heél,.it's close to ﬁhe tendo- -
bursa. The tendon-bursa 1s a small smooth sack which acts as a
buffer. Easy siiding‘action of the tendon over rougher bone is
attained by tLe smooth siippery quélities of the bursa. With the o
inflammation of a tendoﬁ, secondary bﬁrsitis could occur with the
subsequent irritation of thg bursa.

> :
A partial rupture is a milder microscopic rupture. There may

‘be varying degreeé of ruptures and it can only be assessed if the

rupture is in the most posterior aspect. Because of the decreased

bloodisupply to the tendon, the dangervof an incomplete or partial -
< ' - -

K N ) ) . > .. -
rupture is that the tendon is unable to repair itself, as an injury -
. o

, ,
i§ repaired by the paratendon and surrounding fatty tissue (27:48-49).

Symptoms of a complete rupture are swelling, black and blue .

discoloration within 24 hours, the foot is weakened in.plantar- .
\ ‘

flexion and there will be acute pain just above the heel._sfn strain

-

or overuse inflammation, there will be point tenderness and some

s
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swelling present. 6 Often pain will only occur at the onset of
exercise and subside with the‘continuation of exercise. 'Sometines“'
pain will be noticed throughout the exercise period, but will sub-
side with rest. ‘There may be slight tenderness along the heel
cord. Tenderness is often localized in omne specific area. Crepi- -

tation and thickening of the tendon or its sheath are some other

~symptoms that might go along with this condition.

{ Gailt Analysis and Related Foot Function. Before examining
causes and treatment of achilles‘tendobitis,'the mechanics of running ‘
were discussed so leg alignment abnormalities that are hypothesized
to attribute to achilles tendonitis would be understood. The. stance
phase, 65 percent o%{the complete running motion, and the swing
phase, 34 percent of the total motion, comprise the running gait.

The stance phase'begins with heel strike into mid-stance and ends

<

. ‘
with the toe-off. On heel strike the limb is slightly externally

s / ‘o .
rotated at the hip and the foot is abducted. TImmediately after heel

strike the 1inb rotates inwardly on the planted foot, with rotation
occurring at the subtalar joint. This inward rotation causes the
foot to pronate the subtalar joint, thus becoming a mobile adapter.
The limb externally rotates, during mid-stance so that the foot
supinates at the subtalar to become a rigid lever for the propulsion

toe—off phase to the next heel strike (35:122).

Interrrelationship between the subtalar joint, transverse plane
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rotations of the lower ex£remitylénd saéittal'plane rétation of fhe
pelvis suggest an interdependence between foot function (35:49). .
The foot position of the stance phase wiil be e#amined in order to
relate its comnection of 1limb action in running.

The subtalar joint functions as a universal joint béneath the
ankle joint. -Because the ground disallows the foof to internaily
or extefnally‘rotate, the subtalar joint takes over this motion
by inverting or everting (35:41). During heel strike the foot
is a pronated "mobile adapter" to take care of any vériénce in
supporting surfaces or boéy position above the foot. TLimited
adaptation of the foot is related to the range of m&tion.at the
subtalar joint, i.e., the greéter the pronatioﬁ, the greater.the
mobility. During the toe-off (propulsidn),phasé, the subtalar join£
must supinate to enable the foot a rigid 1ev¢r for propﬁlsion.; Thé
- ability of the foot to be an adapter and lever is due to’the locking
mechanism of the midtarsal joint. Pronation at suﬂtalar joint un-
locks the midtarsal and allows adaptation, while supinatiop at sub-
tala; locks the midtarsal Eo forﬁ‘a lever for propulsion (7:826).

The following graph'summarizes the mo;ioﬁ of the leg and fooﬁ
in a closed-kinetic chain reaction as the foot ié planted on the .

ground (35:122).
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Phase contact (heel mid-stance - propulsion
: strike)
- - 25 percent 50 percent ' 25 percent
2
leg motion internal external rotation
rotation

motion of foot )
_at subtalar pronation supination

foot position supination neutral pronation neutral supination -

Causes of Achilles Tendonitis. A étrain to the achilles tendon
often results from the lack of coordination between agonisfs.and
antagonists following an ankle strain or excessive dorsiflexion 9).
A rupture can occur from muscle action or cutting by an external
objéct. In skiing it can happen when the body is thrown forward
"in a sudden decreased velocity fall and the heel piece fails to
release.”" (17:31-22) Ryan states that:

The achilles tendon seldom ruptures in younger and

lighter athletes, but may do so in the older and

heavier athletes. When its tensile strength is

suddenly exceeded by a combination of welght; lever-

.age, and aging of the tendon from previous.subclinical

strain. : a
Over stress can lead to an overuse syndrome in which the gradual

_ accumulation of microscopic trauma in which minor injury can be-
come progressively more seévere. Over stress can come from foot
structure itself or deformity when the bend in the leg places the

calcaneous in an everted or inverted position so that it is not

perpendicular to the running surface (35:37). These small tears
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can cause inflammation which may cause secondary bursitis as . men-
tioned previously. Small tears usuélly heal themselves But in -
many sports the performer does not allow the time necessary for com-
plete repair before restressing the tendon. Overuse can also cause
inflammation of the tehdon synovia1 sheath.

_A shortened achilles tendon could be. caused by high heeled
shoes, which leads to infle#ibility. Sheehan"discusses_the effects
of inflexibility:

Inflexibility of the achilles tendon can lead .to ten-

donitis and it worsens any biomechanical problem in

the foot. It also overbalances muscles in the shin

and limits their tolerance for. stress. A short achilles

tendon, gastroc, hamstring muscle, unstable heel, inverted

heel, weak arch, or extensive use of the toe flexors may

lead to the development of achilles tendonitis. (6:106)

With a tight gastocnemius and soleus muscle, the leg is prevented
from easily moving 10 degrees over the foot and an unusual strain
is put on the. achilles tendon (34:12).

Another cause discussed by Sheehan is a weak foot or struc-.
tural probléms described as Grecilan foot or Morton's foot with a
short big toe and Hagland's deformity which isla buﬁp oqueithef "
side of the back of the heel. Also a sign of an unstable heel
presents an abnormal strain on the heel cord (30). Dr. Subotnick

describes the structural cause of heel movement that can lead to

achilles tendonitis as an irritation of the tissue overlying the
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tendon aé it passeé over the calcaneus (34:18). The structural devia-
tions of an extra high arch and bowed legs have been found to cause
achilles tendonitis as it places the foot in prolonged pronation and
an unusual angle of pull is put on the achilles tendon (34:22)..

‘Jumping and leaping afe activities th;t cause tears in the
achilles tendon. Increased training, speed work, hills and fundown‘
shoes are other precipitators of problems. With 5,000 footstrikes
on each foot every hour, millimeters of shoe wear can affect the o
foot (30).,|Dr. Subotnick states changes in routine of workouts often

generates problems such as low to high mileage, grass to dirt to

roads, and slow to fast training (34:20).

Treatment bf Achilles Tendonitis. Conservative treatment for
strain and inflammation usually consist of rest and-discontiﬁua—
tion of exercise, with the time period of rest being determined.
by thé extent of the damage. Cold packs are applied when injurie;
are first noticed and anti-inflammatory (phenalbetazone) medicine
is often administered. Casting or strapping techniques are used to’
restrict the range of motion reducing stress éndjlimiting doréi—
flexion.. Hydro-therapy and diathermy have also been employved. With
diathermy three to four times a day, an apparatus generates a current
raﬁging from 10,000 to 100,000,000 cycles per second, depending on
the ﬁse of short or long wave machines. The effect i; an intensive

heating of the deep tissues, and the body responds by vasodialation
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of the canilaries and increased blood circulation and removal of
by-products in the area heated (21 218).

Chronic inflammation of the sheath and tenosynovitis is’being
treated.by some doctors with'surgery to released adhensions between
the tendon and sheath. Ruptured tendons are treated‘most commonly
:with oold pressure‘bandages, followed by treatment similar to strains
and inflammation. ln the oase of complete severence, . the tendon
must be surgically‘repaired;' The tendon is taped.to shorten it and -
’1imit dorsiflexion (31). The heel cord-must,be stretched out properly.
by heel cord exercises before the athlete starts serious running (33).

Dr. Sheehan states that doctorsaare saying things no 1ess
revolutionary than what Copernicus‘told us 500 years ago . ; . the
foot is the center of the runner. When the calcaneous isn.t per-
.pendicular during heel strike, or the forefoot isn t parallel to’ |
the heel_during mid-stance phase, and the subtalar doesn't invert
two times as much as it everts, then the foot places an odd shock on '
the 1limb. This shook is taken 1,000 times.a mile, making it very
possible there will be injury including the achilles tendon (13 16)
Orthotics, made of plastic ‘and molded around the neutral foot posi—
tion, are a form of treatment for achilles tendonitis., Orthotics can
aid in treatment and prevention of this overuse'syndrome by treating‘
gait abnormalities and placing the foot in the proper functioning

position (35:49). Shoe'construction can also aild in prevention and
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correction of this problem. The shoe should have heel height and width’

‘: to reduce‘tne strain to the back of the legs and reduce instability

and heel support with a counter around the back of the upper to

further stabilize. the heel, The show should have a flexible fore-

foot so that it ‘can bend from the ball of the foot forward for the

propuls1on phase of the gait (34 23),

Ky

K
H
i

,‘.‘

The normal foot 1s described as:

ll

During function, the foot places no undue stress on itself
or on joints of' the ankle, knee, and hip (34: 7)

The calcaneus and 1ower leg are perpendicular to the'
ground - (34:7).

The forefoot is parallel to the heel when the subtalar
joint is in neutral position.

A plumbline-from the hips will fall through the thigh and -
lower leg, and medial to the heel (34:7). |

At the subtalar joint, thereﬂshouid be twice as.mucn inver—i
sion as eversion .(i5:34).

The hip should never have more internal rotation.than ex;
ternal roration and the aero position is the point where
the internal and external rotation are the same number of
degrees (15:131). ' |

At the ankle joint, a minimum of 110 degrees of dorsiflexion

is necessary for normal locomotion (15:34, igi).
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The hamstring'ﬁuscle group must be at least 12 degrees
from vertical when the subject is lying back; hip flexed

at 90 degrees (23).




Chapter 3

METHODS AND PROCEDURES

Instrumentation

data

A biometer developed by Phillips (23) waé-employed to collect

for this study (Figurés 1-6). This instrument waé Similar to

" the instrument used by Lilletvedt and she describes the instrument

as: ’

Face

Data’

an instrument that consisted of a number of protractor like
devices and was capable of measuring body positions and/or
segmental movements in terms of degrees.  The instrument
could be broken apart so that various protractors within
the instrument could be used to take the various measure-
ments. Figure , although not truly a part of the biometer,
was used to establish the plane position of the forefoot in
relationship to the rearfoot and so was required during

the examination. (18:17) - )

validity of the instrument was dccepted.

Collection Techniques

Pictorial description of the measuremenﬁ techniques of the

lower extremity alignment are illustrated in Figdres_7 through 24.

A detaiied description of the methods uéeg may be obtained from thé

author or Phillips (23).




Figure 1. Assembled instrumentation required to conduct
a complete biomechanical examination of the
lower extremity
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Figure 2,

Disassembled instrumentation required to
conduct a complete biomechanical examination
of the lower extremity
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Figure 3.

Instrumentation required to bisect the calcaneus
and tibia, and measure inversion and eversion at
the subtalar joint.
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Figure 4. Instrumentation required to measure internal
and external rotation of femur with the hip
both flexed and extended.

8¢




Figure 5. Instrumentation required to measure internal
and external rotation of the femur with the
hip both flexed and extended.
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Figure 6.

Instrumentation required to measure dorsiflexion
and hamstring flexibility, position of both tibia
and calcaneus with subtalar joint both static and

neutral

0€
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Figure 7. Line bisecting the calcaneus (18:25)
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Figure 8. Line bisecting the distal one third
of the leg (18:27)
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Figure 9. Determining axis of rotation for the
subtalar joint (eversion) (18:28)
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Figure 10. Determining axis of rotation for the sub-
talar joint (inversion) (18:29)
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Figure 11. Lines bisecting the calcaneus, the lower
leg, and denoting axis of rotation of the
subtalar joint (18:30)
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Figure 12. Determining inversion at the subtalar
Joint" (18%31)
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Figure 13. Determining eversion at the subtalar
Jodnt ~(18:82%
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Figure 14.

Determining the position of the forefoot in relationship to the
rearfoot/subtalar joint neutral (18:33)
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Figure 15.

Determining dorsiflexion of the ankle with knee extended
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Figures 16 and 17. Determining dorsiflexion of the ankle with knee
flexed




Figure 17.
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Figure 18. Determining internal rotation of the femur/hip extended (18:37)
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Figure 19.

Determining external rotation of the femur/hip extended

(18:36)
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Figure 20. Determining internal rotation of the femur/hip flexed (18:39)
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Figure 21. Determining external rotation of the femur/hip flexed (18:40)
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Figure 22. Determining flexibility of the hamstring muscle group.
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Figure 23. Determining the position of the calcaneus
with the subtalar joint in either static
or neutral position
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Figure 24. Determining the position of the lower
leg with the subtalar joint in either
static or neutral position
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Researcher Reliability

A piiot stndy.was performed to establiSh the author's relia;
bility with the biemeter} ‘

Ten subjects from the éhysical Educatien department at Montana'j
‘State Uninersity, un-related to the stu&y, were measured, as de-
scribed in Figures 8 through 24, during two separate apneintments.
The data were collected for this pilot.study from February 10,

1977 to March 1, l9f7. The measurement techniques were identical
.to the previous description given (Figures 8‘throngh 24).‘ Both
right and left legs of the subjects were used as separate'measures,
as the technique‘was the same for both legs. One subject's left
-leg was not measﬁred as it could not behmanipulated‘from_nerve
damage received in a car accident. The'first 45'minute apneintment.
serred as a pre—test;vand.the second apnointment, one week later,:
served as a post-test.

The data were transferred to a computer programming form by the.i
inrestigator, and the Montana State University computer programmlng
center key punched the data. Suvak (36) of the testing and coun-

‘ seling department at Montana State University designed the statistics -
that compareg the pre- and post-test 14 alignment measurements. .Bé'
_canse one subject;s left leg was excluded from some measnrements,

tne number of'subjects varied from 18 to 20. Correlation values
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'obtained on the priﬁtout were compéred to the critica; values of
(n = 18) at the .05 level of significance (.575), (n = 19) at the
.05 level (.561) and (n = 20) at the .05 1evei (.549). Thé correla-
tions for the pre- and post—test.ranged from .730 to .987. The..
autﬁor was found reliab1e With the measurement techniques at the

.05 level of significance. -

Subject Selection-'_

Subjects were ghosen.from a questionnaife.(Apbendix B) sent out
tg seléc;ed Bozeman, Montgné residents who are known‘té exercise on
a regular basis; A study description wa; also put in the "Wind
Drinkers", the newsletter of a Bozeman, Moﬁtana running club, to ask
for any interested participants and anyone who has experienced |
achilies teﬁdonitis. Subjects who experienced achilles:tendon
problems were'also‘referrqd by Montana Stéte University Physicgl']‘
Education instructors and Moﬁtaha State Uniéersity trainer Chuck

Karnop.

~ Subject Descriptioﬁ

Twenty-nine Bozeman, Montana residents served.aslsubjectS-for
tﬁié study. No control was placed on age, sek,fheight or weight.
The following chart lists the forms.of exercise in Which the sub-

jects regularly ﬁarticibated. The number of participants per sﬁofﬁ
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is also listed.

JOGGING - 24 BIKE RIDING - 13
CALISTHENICS - 11 DOWNHILL SKIING - 9
WEIGHT LIFTING - 8 - RACQUETBALL - 7
TENNIS - 6 _ - HANDBALL - 6
CROSS-COUNTRY SKIING - 4 BASKETBALL - 3

DANCE - 2 ‘ KARATE -~ 1
VOLLEYBALL - 1 ’

Classification of Subjects

The subjects right and left leg served as separate measuréf

mehts, thus a subject could have legs in two different categories.

Croup 1 - No Achilles Tendonitis. . Legs that have .never
experienced achilles tendonitis or any related probiems.; Any 1imb
that had been casted within the last .year for tendoﬁitis,or‘knee'
injuries, or any leg that had been broken within thellast five years
was excluded. Those iimbs which were presently éxperieqéing any
form:of trauma such as knee injury or sprained ankles were also

excluded (N = 27).

Group 2-— Pgst Achilles Tendonitis. Legs in this group have ‘
had préblems with their achilles tendon; anywhére from four.years
to six months before the éxamination. if thé achilles tendon had
beén completely severed and surgically répaired, it was excluded
from this group. The severity ranged from iﬁcdmplete ruptures
and microscopic tears to irritation and soreness (N‘= 12).

Group 3 - Present Achilles Tendonitis. Legs in group three
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had achilles tendonitis within the last six months before testing
took place. Those who had been casted withiﬁ the last year for
achilles tenéonitis,'who ﬁad completely severed the achilles and
received surgicalzrepgir were excluded from the study. The activity
in which thé injury occurred was not held constant. The forms of.
exercise were: riding a bike, running stairs, handbéll,.and dis-
tance running. Severity of achilles tendonitis ranged from irri-
tation and soreness to incomplete ruptures énd microscopic tears

(N = 9).

Statistical Examination

Subjects for the study were examined between April 11, 1977
and May 13, 1977. "Measures of each of the éPecific parametgrs to
be considered were taken by the researcher with a biometer developéd
by Phillips (23). Data were recorded on Ekémination Charts (Appendix

A) also provided by Phillips (12).

Statistical Treatment of Data

The data were transferred to computer programming forms and

key-punched to yield means, standard deviations and variances for
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14 alignment measurements., The measurement of forefoot to rearfoot
had two variables when programmed, as the score could be eitﬁér varus
or valgus. Calcaneal stance analysis with thé subtalar in neutral
and stgtic positions yielded four wvariables, és_the score could
either be inversibn or eversion with the subtalar in neutral or
static. The added variables yielded a total of 19 variables for the
14 alignment measureménts.

The data were then examined to f£ind the number of subjects in
each variaﬁle. Several of the 14 aligﬁment measurements were mu-
tually exclusive. The meaéurementé in which the number of cases was
less than four were not statistically treated. The measurements where
N = 4 were: forefoot valgus, tibial valgus with the subtalar ‘in
neutral, inversion with the subtalar in neutral, tibiai,valgus with
the subtalar in static angle of gait, and caicaneal inversion in the
static angle of gait.

The remaining 13 variables received statistical tréatmeﬁt bf t-test
andfkratioto give correlation between the three groups and each of
the 13 variables. Ihe 13 variables treated were: inversion, ever-
sion, forefoot ﬁarus, dorsiflexion with'the‘ieg straight and'flexe&,
internal rotation with the hip straight and flexed, external rotation
with the hip straighﬁland flexed, tibial varus subtalar in static
and neutral, calcaneal eversién with the subtalar in static angle of

gait, énd hamstring flexibility.




Chapter 4
RESULTS

The mean and variance of the 13-1ndividua1 alignment vari-
ables were compared between Group 1 - no achilles tendonitis and
Gronp 3 -~ present achilles tendonitrs; Group 1 - no achilles
tendonitis and Greup 2'— past achilles‘tendonitis;-and Group 2 -
past achilles tendonitis and Group 3 - present achilles tendonitis.
Data were analyzed by the t-test of means and F-ratio of variance.

Group 1 - no achilles tendonitis and Group 3 - present achilles
tendonitis -

The t-test and F-ratio were used to examine the significant
differences in means and variances between those legs which have never
. had achilles tendbnitis and those subjects wno have.enperienced
tendonitis. ‘Results showed a signifieant difference between the
means of eversion and dorsiflexion with the‘legs straight, and
a significant.difference in variance in measure of external rota-
tion with the hips‘flexed. Results are listea in Table 1.

Those legs who never had experienced achilles tendonitis had
a mean of 13.88 degrees for eversion, which was a.significantly
greater number of deérees than the mean of 10.81 degrees for those
legs'whtch presently were experiencing achilles tendonitis. Thus;

. those experiencing achilles tendonitis had a'smaller range of motionf




Table 1

T-test of Means and F-test of Variance Between

Group 1 - no past History of A.T. and
Group 3 - present History of A.T.

2

hips.flex

Item n x a o af t F
(degrees)
inversion Gy 27 25.18  6.31 39.84 34 1.37 1.64
Gy 9 22.00 4.92 24.25
 eversion Gq. 27 13.88 3.95 15.64 34 2.16 * 3.58%
Gy 9 10.88 2.08 4,36
forefoot Gq 20 4,60 2.21 4,88 25 .511 2.69
varus G3 7 4.14 1.34 1.80 :
dorsi—flexion‘ Gy 27 16.62 3.81 14.55 34 1.86 1.00
legs flexed Gy 9 13.88 3.82 14.61
dorsi~-flexion Gy 27 18.29 3.86 14.90 34 2.12 % - 1.70
legs straight Gy 9 14.88 5.03 25.36
internal rotation Gy 27 50.33 9.64 93.07 34 .509 2.05
hips straight Gg 9 48.22 13.81 190.94
intérnal rotation Gy 27 46.62 10.08 101.62 34 .238 1.36
9 . 45.66  11.75 138.25

99




Table .l Continued

Item n X o df t

: (degrees)
external rotation Gl 27 59.96 13.07 170.88 34 .180 .06
hips straight Gs 9 59.11 9.08 82.61 :
external rotation Gy 27 53.18 12.88 166.00 34 .408 27%
hips flexed Gq 9 51.33°  7.12 50.75
tibial varus - G; 18  3.055 1.83  3.34 22 .134 .54
neutral Gy 6 3.166 1.47 2.16 :
tibial varus Gy 23 4.56 1.67 2.80 30 637 .64
static Gg 9 4.11 2.14 4.61
calcaneal eversion Gl 23 5.69 2.03 4.13 28 .255 .97
static G3 Z 5.42 3.50 12.28 :
hamstring G, 23 11.47 8.28 68.62 29 ;115 09
flexibility G3 .8 11.87 "8.65 74.98 .

*Significant at .05 level.

9¢
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' on the measurement of eversion than. those legs ﬁho never have
had achilles tendonitis. Dorsiflexion withthe leg.straight for
those legs with' no past history of achillesltendonitis had a mean
6f 18.29 degrees.. Those legs presently suffering from achilles’
tendonitis had alméén of 14,88 degrees which was significantly
less than tﬂe pre?ious group. This sugéegts those legs preseﬁtly
experiencing achilles tendonitis have a iimited degree'of dorsi-
'fleﬁioﬁ when compared to those'legs with no past history of achilles
tendonitis. |

Using the F-ratio, those legs th;t have never had_achiiles:
tendonitis had a variance of 166.00 in the external rotation with
the hips flexed. Group 3, present achilles tendonitis subjects,
had a siénifiéantly smaller degree of variability in eiternall
:rotatibn with the hips flexgd, having a Vgriénce of 50.75;
Significaﬂt diffefenéeé in the means and Variances'of an in&i—
. vidual alignment-measuréments indicated ‘that the alternativé hypo-
thesis, which stated that sbecific alignment measures could be uéed
to describe those éubjectshlikely to experience achilles tép&oni?ié
from those subjects who dia not experience achilles tendonitis was
accépted for the following measures:

1. eversion

2. dorsiflexion with the legs straight

3. external rotation with hips flexed .
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Group 1 +~ no achilles tendonitis and Group 2 - past achilles ten-
donitis '

The t-test and F-ratio showed that there‘ﬁé?e several significant
differenceé in the 13- variables mean's and variance's between Group
1 and Group 2. Tablé 2 gives the results of the t-test and F-ratio.
Inversion and eversion were the variables in which significant’
differences were foﬁnd in the means., Using the.F—fatio, the.sig-
nificant differences in variances of those who have had achilles
tendonitié was the measurement of forefoot varus.

Using the t-test of means, the inversion.variabie between
Groub i and'Grdﬁp 2 showed a significaﬁt difference iﬁ the ﬁean‘f
measurement. Those who have had achilles ieﬁdonitis had a mean
inversion of 29.75 degrees,“and those 1egs who haée’never-ﬁa&
aéhil;es tendonitis had a lesser meaﬁ meésurement of 25,18 degrees.
This implies those subjects who have never had achillgs tendonitis'l
tend to invert less than those who hé;é experiencédiachilles ten-
donitis. The variéble of forefoot varus also showed a. significant
difference in means, with Group 1 having a mean of 1.85 deg;ees:
Those legs which have never experiences achilles teﬁdonitis have a
higher degree of forefoot varus than those legs who have achilles

'tendonitis. |

Examininé tﬁe data_by the F-ratio of.variénce; those who have

never had achilles tendonitis had a variance of 1.14 in'fdrefobt




Table 2

T-test of Means and F-test of Variance Between .

Group. 1 - no History of A.T. and

Group 2 - past History of A.T.

hips flexed

- Item x - o o? daf t F-
: (degrees) -
inversion 6 27 25.18 6.31  39.8 37  2.28.% - 2.35
G, 12 29.75 4,11 16.93 -
eversion Gy 27 13.88 3.95 15.64 37 -39 1.43
G, 12 14.41 3.75 14.08
forefoot G 20  4.60 2.21 £.88 25 3,12 %  4.25%
varus Gy 7 1.85 1.06 1.14
dorsi-flexion Gy 27 16.62 3.8 . 14.55 37 .97  1.86
leg flexed G, 12 -18.08 5.21 27.17
dorsi—£lexion G, 27 18.29 3.86  14.90 - 37 .03 1.31
leg straight . G, .12 18.25 4.43  19.65
internal rotation G, 27 . 50.33 9.64°  93.07 . 37 033 1.37
hips straight Gy 12 51.33 8.23 .67.87
‘internal rotation Gy 27  46.62 '10.08 101.62 37 .262 1.52
12 47.50 66.91 - '
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Table 2 Continued

Item n X g g df t F
(degrees) }

external rotation Gl 27  59.96 13.07 170.88 37 272 1.29
hips straight G, 12 61.25 14.81 220.93
external rotation Gy 27 53.18 12.88  166.00 .37 .399 1.60
hips flexed G, 12 54.83 16.33 266.87

' tibial varus ¢, 18  3.05 1.83 3.24 26 .372  1.39
neutral G2 10 2.80 1.54 2,40
tibial wvarus Gy . 23 4,56 1.67 2.80 33 .373 1.25
static G, 12 4.33 1.87 3.51
calcaneal eversion Gg 23 5.69 2.03 4.13 31 .843 - 1.50
static G, 10 5.00 2.49 6.22 '
hamstring G1 23 11.47 8.28 68.62 32 .390 1.09
flexibility. G2 11 10.27 8.68 75.41

*Significant at .05 level.

09
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varus;- those who have never had achilles tendonitis had ; larger
degree of variability with a variance of 4.88.

Significant differencés in the means and variances of an.
individua} alignment measurements indicated tﬁat the aiternative
~hypothesis, which stated that specific¢ alignment meésures’could be
used tq_describe those subjects likely to experience achilles-teﬁ;
'donitis from:those,subjects_who did not e#periencé achilles ten-
doﬁitis was accepted for the following measures:

1. inversion |

2, fofefoot varus

Group 2 - past achilles tendonitis and Group 3 - present achillés
tendonitis '

The reéults of the t-test of means and F-ratio of variance
betwéen those.legs which prgsgntly are experienéing achilles ten-
donitis.and those legs which have had achilles tendonitis aré.givenJ.
in Tablé 3. The significant variables found by the use of the
tftestxof.means included inversion, evers?on.and forefoot varus.

The F-ratio §f variance yieided a sigrificant difference in tbé
variable of externai rotation with the hips flexed. |

The'mean degree of inversion for éhose‘whb'have had achilles
tendonitis was 29.75 degrees. Those presently experiencing achillés
tendonitis had a significant difference in means with a smaller

measurement of 22,00 degrees. Thoée presently experiencing achilles




Table 3

T-test of Means and F-test of Variance Between

Group 2 -~ Past History of A.T. and
Group 3. — Present History of A.T.

Ltem n - - X o] g2 df t F
_ (degrees)

inversion G, 12 29.75 311  16.93 19 3.92 %  1.43
' 63 9 22.00 4.92 24.25

eversion Gy 12 14.41 3.75 14.08 19 .53 * 3.22
Gy 9 10.88 2.08 %.36

forefoot G, 7  1.857 1.06  1.14 12 .51 % 1,58
varus G3 7 4.142 1.34 1.80

" dorsi-flexion G, 12 18.08 5.21 27.17 19 .03 1.85
legs flexed Gj 9 13.88 3.82 14.61

dorsi-flexion Gy 12 18.25 4.43 19.65 19 .62 1.29
legs straight G4 9 14.88 5.03 25.36°

internal rotation G, 12  51.33 8.23  67.87 19. .64k  2.81
hips straight Gg 9 48,22 . 13.81  190.94

internal rotation: G, 12  47.50 - 8.17 66.81 19 422 2.06

hips flexed 45.66 11.75 138.25 '
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Table 3 Continued

flexibility - Gg

item n - X : g g2 df t
- (degrees) - .
external rotation G, 12 61.25  14.86  220.93 19 .380 . 2.67
hips straight G3 9 59.11 9.08 82.61 ’
_external rotation Gy 12  54.83 16.33  266.87 19 .598 5.28%
hips flexed Gy 9 51.83 7.12 50.75 -
tibial varus 6, 10- 2.80 1.54 2.40 14 .466 1.107
neutral Gg 6 3.16 1.47 2.16
tibial varus G, 12 - 4.33 1.87 3.51 19 .252 1.311
static ‘ Gg 9 "4.11 2.14 4,61
caléaneal eversion G, 10 - 5.00 2.49 6.22 15 .295  .1.97
static _ Gs 7 5.42 3.50 12.28 Lo
hamstring G, 11 10.27 8.68 _ 75.41 17 .397  -1.00
8 11.87 8.65 74.98

*Significant at .05 level.
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.tepdonitis teﬁd to havé sma;ler range of motion in invéfsioh'ét
the subtalar joint tﬁén those who have experienced achil;es tendoni~
tis but are not éresently experiencing achilles tendonitis. Ever-
sion of.those legs who have had achilles tendonitis had a mean of
14.41 degrees; which was significantly different from those legs
..preseﬁtlf éuffering from achilles tendonitis with a méan of 10.88
degrees. Thus, the subjeéts presently experienciﬁg achilles teﬁ—
donitis have smaller range of motion at the subtalar joint in the.'
-Imeasurement of eveféién than the subjects who have haq achilieg‘
tendonitis. This ﬁeanlmeasurement of those who have had achilles
'”tendoﬁi£is for_forefoot varus was 1.85 degrees which was signifi—
_qantly less than those legs présently suffering from aqhilles.
‘tendonitis, which had a ﬁeah measuremenf of 4.14 degrees.
The prgsent achilles tenéonitis subjects have a hiéher degrée qf
forefoot varus than those w£o have had achil;es tendonitis.

The F-ratio yielded a significant difference in the Qariande
of gxternal rotation between past and present achilles tendonitis-
subjects. The variance fqr the past subjects was 266,87 and waé.
50.75 for tﬁe preéent achilles tendonitié.sufjec;s. Thié shows a
gfeater,degree.of variability among those -legs that have had .
achilieé te@donitis‘énd less variability from éhe mean aﬁong subjeéts

who presently have achilles tendonitis in the measure of external
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rotation with the hips flexed.
Significant differences in the means and variances of an
individual alignment measurements indicafed that tﬁe éltgrﬁative

hypothesis, which stated that specific alignment méasurés could be

. used to describe those subjects likely to experience achilles ten-

donitis from those subjects who did not experience achilled tendo-

nitis was accepted for the following measures:

1. eversion
2. inversion
3. forefoot varus

4. external rotation with hips flexed

Suﬁmary of Significant énd Non-Significant Vériables

Table 4 is a summary of the variables.that‘are significantiy.
differen? in the.mean or variance, when comparing: Grouﬁ 1 - no
achilles tendonitis and Group 3 - present achilles tendonitis,

Group 1 7;n6 achilles tendonitis and Group 2 - past achilles ten-

. donitig, .and Group 2 -:past achilles tendonitis and Group 3 -~ presentx-'

achilles tendoniti;,

| Thére were several alignmeﬁt measurements among the three groups
ﬁhere no significant difference was found. They were: position of
caiéaneus in relationship to the floor ﬁith the subtélar in neutral

and static angle of gait; internal rotation with the hips straight




Significanf’Variables Between:
Group 1 and Group 2, and Group 2 and Group 3,
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Table 4

Group 1 and Group 3,

And t-test of Means and F-ratio of Variance

Groups t-test F-ratio
Group 1 ~ no tendonitis eversion eversion
Group 3 - present dorsiflexion with legs external rota--
tendonitis straight tion'with hips
flexed
Group 1 - nmo tendonitis inversion forefoot varus
Group 2 - past tendonitis forefoot varus
Group 2 - past tendonitis inversion external rota-
—_— tion
eversion with hips
' flexed
Group 3 - present ten- forefoot varus

donitis

and flexed; dorsiflexion with the knee flexed; external rotation with

the hips straight; tibial varus with the subtalar joint in neutfal;‘

and hamstring flexibility.




Chapter 5
DISCUSSION

'Acﬁil;es tendonitis has been described as an overuse syndrome
injury7and_1ég‘alignment abrnormalities have peen listed as causa-
'”tive'ageﬁts-(36:37); Achilles tendonitis seems to affect some
people'énd not others when the type of rﬁnniné surface, duration,
and speed of running are held constant. This sfudy accepted the
alternative hypothesis which stated each group could be independently
described'by certain lower alignment measurements. By accepting the
alternative hypothesis, the study supports the theory that ceftain
alignment measures are contributing factors ih the oygruse. injury
- of achilles tendpnitis.: Thus, a person with certain alignﬁent
measures of the'lower extremity possibly Wouid be more prediqused-

" to experiepcing-aChilles tendonitis than anopher'éubject; with factors
such a; fﬁnﬁing surface;‘diétance, and speed held constant.

‘Examiniﬁg Group 1 - no achilles tendonitis, and Group 3 - presen£
achilles teﬁdonifis by the t-test of meéns and F-ration of variance,
several alignmen? measuremetn variables were found to be significantly
different between the two groups. When examining the function of the
subtalar joint in g;it énalysis,~pronation (the combination of abduc-
.tion, dorsiflexion, and eyersion) was found to be impoftant in ;he heel ‘

strike phase. Pronation makes the subtalar jbint into a mobile
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adapter to absorb the shock on the heel strike phaée (35:122).
Thus, 1f eversion is limited, pronation has a limited range of ﬁotion.

It has been found that limited adaptation of the foot is related to

‘range of motion at the sub;a;ar joint, i.e. the less the pronation,
vthé more limited the mobility (7:826). With limited mobility, the

. subtalar is unable to absorb as much shock. Tt would appear that'

trauma woﬁld be more likely to occur to'thg achilles tendon, as the
subtalar can not absorb as much of the impact oﬁ the heel strike.
Thus, in this stddy; those present;y experiencing achilles tendonotis
everted less than thoée.who have ne&er had achilles tendonitis, would
seem to be more prone to achilles:ﬁéndonitis;Because‘the ranéeiof

motion at the subtalar joint is limited in eversion and consequently

the mobile adaption at this joint is limited so that the joinf

absorbs less shock.
The subtalar joint also is important‘ih making adaptations to

the ground and running surface. It"s the universal joint beneath

" the ‘ankle, as the ground doesn't allow the foot to internally or .

externally rotaté, the subtalar joint does this by inverting.or'

everting (35:41). Those presently experiencing achilles ﬁendonitis
everted less than those legs which have never had achilled tendénitis,.
which would imply that present achilles tendonitis.Subjects are

limited in the amount of adaptation the foot can do in varying

- running surfaces. Changes in running surfaces, hill workouts, and
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run-down shoes were cited as causétivg factors in achilleé tendonitis
(302. Because those with achilles tendoniéis can édapt less, it would
seem that changes in surfaces and hill running might present situa-
tions that would injure the achilles tendon gé it.couldn't compensate
as well to irregularities.

borsiflexion was another variable.found.to:be significantly
different.between those legs presently experiencing achilles tendo-
piéis, Group'3,~and those who have never had achilled tendonitis,
" Group 1. The legs presently experiencing'achilleé tendonitis had
a significantly less degree of dorsiflexion with the leg straight
than those legs who have never had achilles tendonitis. Sheehan (6)
cites a sﬁortened achilles tendon as a fgctor promoﬁing achilles
tendonitig. Short inflexible ca;f muspies whicﬁ develop from pro-
longed participation in sports seems to enhance the possibilities of -
achilles tendonitis, as the tendon attempts éo compensate for‘this N
limited range of motipn (30). Subotnick (34) describes the achilles
tendon as a rubber band that is always stretched to a point of
breaking and’when the slightest extra pdl1 ié put on it,_éomething
gives. The achilles tendon is a cord connecting the gastrocnemius
and soleus to the célcaneué and at the narrowest poiﬁt, just above
the heel, it‘isn't an§ bigger around than a finger.. An overstressed
achilles tendon usually gives at this point, with Subotnick and

Pagliano (34) citing inflexibility as a contributing factor. When the
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géstfocﬁémiﬁs and soleus ére tight, the leg bone can't éésily mové,
the réquired 10 degrees over the foot in the normal gait and an
ansual strain is put onthe achilles tendon and shin ;rea. fhe
study's findings would seem to support these'beliefs that a shortened
achilles tendon or.inflgxible calf muscle might céntribute~to

achilles tendonitis. The study found that those legs presently

" experiencing achilles tendonitis had a significantly less amount

of dorsiflexion, which indicates less flexibility in the achilles ten-

don and calf muscles, than those subjects who have never had achilles

"tendonitis. This limited dorsiflexion in present achilles tendonitis

éubjects would seem to.support the idea of Sheehan (65, Subotnick
and Pagliato (34), that an inflexible ébhillgs tendon or. calf
muscles céntribute to achilles tendonitis.

Group 3 - present achilles tendonitis, ;130‘had less variability
around the mean in externél rotation with tﬁe hip flexed ;han Group
1 - no achilles tendoniﬁis. The meén for Group 3 - present-achilles
tendéﬁitié, was 51 degrees and Group 1 - no wchilles téndbnitis}‘ﬁed
a greater range of external rotation with teﬁ ﬁip'fléxed with a méan

of 53.80 degrees. The accépted norms for the range of motion at the

- hips state that there should never be more internal rotation than

external rotation; and the zero point is the‘psifion'wehre the inter-

~nal and external rotation -are the same number of degrees (15:131).

The data.were:analyzed so that external rotation with the hips flexed




71

was examinea aléne, S0 no inte;—dé?endénce of the f&o variables
was shown. Examining the data by hand tally, Group 3 - no achilies
tendonitis were found to have eight out of nine legs exte?nall&i
rotating with the hiﬁs flexed farther than intermally rotating.
, Groﬁp 1 - no achilles tendonitis, had elevéh‘internally rotatingf_;'
-_farﬁher or hgving fhg same number of degrees for intefﬁal.én&‘
‘external.rotatipn; and ;ikteen having a greafer exterhal-rotatioh
thaﬁ-infe;na; rotation with the hips fiexed. This would seem
to indicate that Groﬁp 3 - present achilles tendonitis tended to
‘externally rotéte with the hips flexed more on the whole than
Group 1. When examining the gait, internal ¥otation on a planted
"foot promotes pronation at the subtalar joint and mobile adaption
at' this joini td-absorb shock upon.the.heei strike (555. If ﬁhe’iimﬁ
has excessive exﬁernal rotation, it would appear that the amount éf -
pronation upon heel strike is.reduced. Achiiles-tendonitis in'_;
Group- 3 - present achilles tendonitis, theréfore,'could‘pqssiblf
‘iesuit from a:iessening_df the internal rotation and pronation on
heel strike, thus increasing the shéck the limb receives upon heel
strike. |

When examining the results of data collected between'Grqup 1~
no achilles tendonitis and Group 2 - past achilles tendonitis, it
was found that a significant difference occufred in invefsion,.with

Group 1 - no achilles tendonitis inverting less than Group 2 — past
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achilles tendonitis, This might suggest'that those:with past‘
aehilles tendonitis have increased the range of motion at the
subtalar joint, and thus become able to adapt the foot upon the :
heel strike to absorb more shock. Subotnick'(35)vstates the
greater the.range_of motion the subtalar joint, the greater amount .
of adeptations the foot can make. |

The results of the stﬁdy, when 1ooking at Group 2 -~ past
acﬁiilés tendonitis ahd'Group 3 - present achilles tendonitis,hshowed_,
Group 2 - past achilles tendonitis legs having a signdficantiy‘greatet:
inveteion and eversion measurement than present achilles tendonitis
subjects. This again suggests that a limdted range of motion at'the
subtalar joint limits the adaptatiod‘oflthis joint, thds-inoreesdng the
shock to the lower extremity and pefhaps contributing to achilles ten-
donitis., Group 2 - past achilles tendonitis, were foond to have less
forefoot varus'thanthout 3 - presedt Fchilles tendonitis subjects.
This suggests that the ‘angle in whieh the foot contacts the ground is
indeed important, as noted by Sheehan (29), Sgatlato (28) and Subotnicki
(35). Overstress, causing achilles: tendonitis, can come from the
foot structure itself or a deformity When the bend in the leg places
the foot at an improper angle such’ that the forefoot isn't parallel .
‘to the tearfoot (35:37). Those who presently have achillee ten-
donitis have a greater deéree of forefoot.vards than the past‘~i:'

achilles tendonitis subjects, which imbliee forefoot varus, an
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impropér forefoot to‘rearfoét angle, might ihcrease the possibility
of achilles tendonitis., The fact that no significant difference in
any of the groups for the stance analysis of.the calcaneus to the
floor and tibia to caicaﬁéué seems to éupport the theory advance'
by:Snook (33). He stated in a personal letter that the.angie
of pull of the achilles tendon is in a rather straight line and
doesn't have to work around a corner sdéh'as the peroneal and
posterior'tibial tendon, who have to angle around tﬁg malléélil
Snook feéls the cause is a result of a tear inAthe substance due’ to
shorteﬁing such as the findings in limited dorsiflexion. Because
no differenqe‘was foﬁnd in stance analysis (see Figures 23 and 24)
between any of the groups it would seem the angle of pull of Ehé'
achilles tendon isn't greatly affected by deviatioﬁs.

A conflict in findings showed up in thé forefoot varus variaBle.
When examining Gréup 1 - no achilles tendonitis and Group 2 - paét
achilles tendonitis, Group i had a significantly greater.degree'of
- forefoot varus than did Group 2, although Group 1 had‘also a signi-
ficantly greater variance. When examining Group 2 - past achilles
tendonitis and Group 3 - present achilles tepdonitis, Group 3 was
found.to have significantly greater degree of forefoot varus. Thus,
‘those with past achilles tendonitis tended to have less forefoot
varus than those who have never had achilles tendonitis and those legs

who presently have achilles tendonitis. The findings therefore show
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those legs who have had achilles tendonitis, land on a foot that
is note parallel with the running surface than either legs without
achilles tendonitis and presently experiencing achilles tendonitis.

The data weren't analnned to show the.inter;dependence of vari-
ables, but the author did note a trend in-. those legs with achilles
‘ tendonitis. Several subJects had a change in degree of external
rotationzbetween a flexed and.straight hip. Subjects'seemd to also .
decrease in external rotation from extended hip to flexed hip while
they increased in internal rotation from extended to flexed hips.
Transverse plane abnormalities, such as external and internal rota-
tion with hips both flexed and extended may cause abnormalities as
it alters foot strike (18: 65)

Applying these findings to coaches and trainer knowledge of
the alignment measures that were found to enhance the possibility of
achilles tendonitls 'is an athlete would be useful to screen possible
achilles tendonitis candidates. Specific conditioning programs
' and formulating_preventative measures could then be eﬁployed by the
trainer and coach. The alignment variables could be used to predict
likely athletes, then preventative measures taken might elimlnate
injury.

Training ptograms designed with these alignment variables con~
sidered might want to include the following suggestions in order to

decrease the possibility of the overuse -syndrome of achilles
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tendonitis.

i..

An increase in the flexibility of the subtalar joint. is
desired. Increasing the range of motion of eversion of

the calcaneus is most specifically desired, in order to

"increase the amount of pronation upon heel strike phase of

the gait. Tﬁis would decrease the amount of shock received
by the lower limb upon heel strike ard thus decrease the
shock‘that might produce achilles‘tendonigis.

The plantarflexors of the foot should be stretched to increase
the degree of flexion, thus Ereventing undue stretching

of the achilles tendon when the 1iﬁb is pfevented from
moving over 10 degrees over the foot.

Possibly‘ekcessive stretching of the external rotators of
hip should be avoided. Incfeased,external rotation 1imits.
pronation at the subtélar joint, on heel strike, as inter-
nal rotation is necessary fornsubtalar to pronate and
become a moEilg.adapter. The degree df external rqtation
of the femur may be controlled and/or reduced by'strengfh;

ening internal rotators and the hip consequently stretching

" the external rotators.

The more parallel the forefoot to rearfoot relationship is

~made, probably the less likely an éthlete will experience

achilles tendonitis. Orthotics, a molded plastic shoe
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inlay molded around the neutral foot position, wouid
seem like a possible solution to have the foot with a '
forefoot varus simulates the normal foot.

5. / Since the study shéwed a limited range of motion at the
subtalar joint, thus less mobile adaﬁtion by that joint,
a re;étive type of shoeé could-ﬁossibly help.in the
prevention of achilles tendonitis. jhe less the eversioﬁ,
the less amount of shock tﬁe foot éan absorb or adapt,
so fherefofe a pair of shoes that have a firm heellcouﬁter
and especially a good amount of wedging on the sole to
help absorb some of the impact upon heel étrike.

Although the above considerations are indicated by the study,

'furthér.investigation is required before firm and exacting cénciu—

sions can be drawn and suggestions made.




Chapter 6

SUMMARY,'CONCLUSIONS, RECOMMENDATIONS

Summarz
A study was conducted.to,investigéte the rélationships beﬁween

lower extremity alignments and the overuse syndrome of achilles
tendonitis. Selected measures describing the aligmment of the
lower alignment of 29 Bozeman, Montana residents Wﬁo were known
to exercise on a regular basis. Data recorded were classified into
three groups: Group 1 - no achilles tendonitis; Group 2 - past
achilies tehdqnitis; Group 3 - present achilles tendonitis. ‘Data
were analyzed through the use of t-test of mééns and F-ratio of
‘variance.

| The t-test of mean showed a sigpificant differernce in the meangl
of'eversion.and’doréiflexion with leg strailght between Group 1 - no
achilles tendonitis and Group 3 - present achilles,tendonitis, and
the F-ratio between theée two groups showed a significantzdifférence
in variance in external rotation'with the hip flexed. :Grpup 1 - no
achilles tendonitis and Group 2 - past achiiles'téndonitis indicated a-
significant difference in the means using the t~test in the measures
' of.thé.forequt varus and inversion. The F-ratio of variance between
Group 1 and:Group:Z produced a signific;nt différéncé.in'variance~of

. the forefoot varus. The t-test*of means between Group 2 - past
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\‘ .
achilles tendonitis and Group 3 ~ present achilles tendonitis
showed a significant difference in the measure of inversion,
eversion and forefoot varus, with the F-ratio between Group 2 and

Group 3 indicating a significant difference in variance in exter-

‘nal rotation with the hips flexed.

Conclusion
The study produced data that would appear to suprrt.the

hypothesis promoted by podiatrist as to the treatment and preven-
tion of achilles tendonitls, by correcting abnormalities in lower
alignment by re-alignment of the lower leg. The study found certain
alignment measures of the lower extremity thaﬁ were significantly
related to achilles tendoﬁitis, hence it should be possible to pre;.
dict occurrence qf'the oﬁgruse syndrome with the knowledge of these

specific measures.

. Recommendations
More in depth resegrdh and invest;gétién is needed before tﬁe '
findings of the study and pfevious studies will convince those in
athletics that leg alignment is important in prevention énd_treatment
of injuriles. Suggestions for further investigétion'include:’
| 1. A study in which the number of subjects in each groub is
1érger, especially those.subjects.with the present overuse

injury. 'Statistical treatment of the'daté could then be
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more detailed.
An investigation of the relationship between leg align-
ment while running and in the static posﬁtion.

A study wﬁich leg alignment measurements are taken

_before and after a set exercise or activity session.

A study in which the type of activity where the achilles

tendon injury occurred is the same for all subjecté.'
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NAME
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ADDRESS

What type of regular exercise do you participate in?

jogging
tennis
swimming
bike riding
basketball
skiing
Other

PHONE SEX -

AGE

Please

racquetball
handball
x-country skiing
dancing

weight 1lifting
calisthenics

How long do you exercise per day:

10 = 20 min.
20 - 40 min.
40 - 60 min.

Do you run?
yes

if so, how far?

1 - 1% hours
1% - 2 hours
Other

no

Are you a member of a Varsity Team?

yes
i1f eo,

what team?

no

Have you ever had a problem with your Achilles tendon?

yes

no

Are you presentlv experiencing this problem?

ves

no

If yes to 5 or 6, please check appropriate blank:

Right Leg ===

slight soreness
& irritation
muscle tendon
tears
severence

Left Leg ---

slight soreness
& irritation
muscle tendon
tears
severence

H—-

check.
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Please check any of the following injuries you have received:

Right Left

Lower Back

Pelvis

Leg Fracture

Foot Fracture

Sprained Ankle

Shin Splints

Have you ever had surgery on your leg?

yes no

Please check appropriate leg:
right left

Please describe:

What type of shoes do you wear for exercising?

Model number:
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