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ABSTRACT

The anterior cruciate ligament (ACL) is a
frequently injured |iganent, especially by active
i ndi vi dual s (250,000/year in US.). Following injury,
the surgery type and rehabilitati on nethods have a
profound effect on the individual’'s recovery. The
current study focuses on gender and athletic
i nvol venent’ s influence on rehabilitation from bone-
patel | ar tendon-bone autograft ACL surgery. It was
hypot hesi zed that both gender and athleticismwould
have a significant difference on recovery rate, with
mal es and athl etes recovering nore quickly. Patient
files were obtained from Appal achi an Therapy Center.
Al'l patients renai ned anonynous, and the data was
reported in aggregate. Variables collected for each
i ndi vi dual included: gender, athletic involvenent,
age, weight, tinme spent in clinic weekly, range of
nmotion (weekly), and results from bi odex tests
(starting no earlier than ten weeks post operation).
Tabl es were generated using Mcrosoft Excel, and the
data was anal yzed in StatView using anal ysis of
covariance with gender and athleticismas the

vari ables. The study concl uded that gender had

il



absolutely no effect on any variable; thus, gender
does not influence rehabilitation rate. On some
endpoi nts, however, athletic involvenent is
significantly different with athletes having greater
values. It is anticipated that these differences are
due to a nore rigorous recuperation reginme to which
athl etes were exposed. Simlar prograns for non-

athl etes could accelerate the rehabilitation process.
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CHAPTER |

A DI SCUSSI ON OF ACL | NJURY, SURGERY AND REHABI LI TATI ON

| nt roducti on

Wthin the human body there are numerous
different structures that jointly forma well -
organi zed unit that maintains life. The construction
and anatomy of the structure plays a key role inits
function (Shier, Butler, & Lewis, 1999). The |ack of
one of the structures can have drastic effects on many
of the other structures and in turn cause debility.
Thus, there are many checks and bal ances systens
within the body that aimto keep all of the parts in
working order. Utimtely, wthout the many systens
of the body working together, |ike a machine, the
ability of the body to nove, support itself, and
survive woul d be inpossible. Joints are a very
i mportant part of the unit because they forma union
between different parts of the body.

The Joi nt

A joint, as defined in Wbster’s Dictionary is “a

pl ace where bones cone together, allow ng novenent”
(Collin, 1992, p. 257). Joints allow body novenent by
skel etal muscle contractions and make bone grow h
possi ble. There are three general types of joints,
fibrous joints, cartilaginous joints, and synovi al

joints, and they vary drastically in function and



structure (Shier et al., 1999). Al though fibrous and
cartilaginous joints are noteworthy, the nbst common
types of joints are the synovial joints.

Synovial joints are diarthrotic because they
all ow free novenent and are nore conplex structurally
than any other type of joint. The six different types
of synovial joints that allow for various types of
novenent have been thoroughly exam ned by Shier et al.
(1999). These six types of synovial joints include:
bal | - and- socket joint, condyloid joint, gliding joint,
hinge joint, pivot joint, and saddle joint (see Table
1.1). The ball-and-socket joint is an articulation
bet ween a cup-shaped cavity in one bone and an egg-
shaped head of another. It allows for the w dest
range of notion such as the shoul der and hip. The
condyloid joint is the union between the elliptical
cavity of one bone and the ovoid condyl e of another
and includes the articul ation between the netacarpal s
and phal anges. The gliding joint is the union of two
al nost flat bones, allowing for sliding and tw sting
notion. diding joints are found in the wist and
ankle. The hinge joint is the union between the
concave and convex surfaces of two bones such as the
phal anges. The pivot joint is fairly uncommon, and it

allows for rotation only around a central axis. It is






found in the neck. Lastly, the saddle joint is formed
when the concave and convex surfaces of two bones are
conpl ementary to each ot her.

Shier et al. (1999) describe the conponents of
the synovial joint. Every synovial joint has a joint
capsul e, consisting of dense connective tissue, that
conpl etely encases the bone ends, cartil age,
| igaments, cavities, nmenbranes and soneti nmes neni sci
and bursae that collectively nake up the entire joint
space. The cartilage within the joint capsule tends
to cover the articulating ends of the bones to
mnimze friction and decrease the |evel of stress put
on the joint as a result of nmovenent. Menisci, when
present, are | ocated between the articulating surfaces
and function to distribute the body wei ght evenly.

The meniscus is very inportant in the knee because it
supports so nmuch weight. Bursae sacs are filled with
fluid and function to cushion and aid in novenent of
t endons over bony parts. Lastly, liganments are
conposed of strong, inelastic collagenous fibers that
reinforce the joint capsule and hel p prevent excessive
novenent at the joint.

The Knee Joi nt

The conplexity of the knee, shown in Figure 1.1,
pl aces it anong the nost intricate joints in the human
body. Although it is commonly considered a hinge

joint, it is not a “true” hinge joint because while



nmedi al condyl e

| at er al of fenur
condyl e
of fenur PCL

_ ACL
| at er al medi al
mi scus meni scus
LCL MCL

tibial

fibula tuberosity

Figure 1.1. Anterior View of the Knee Show ng the
Li ganent ous Arrangenent, as Well as the Associ at ed

Bones (Arnheim & Prentice, 2000, p. 515).

its principal novenents are flexion and extension,
sone rotation can occur (Arnheim & Prentice, 2000).

In fact, the articulation between the patella and
femur is a gliding joint, and the union of the fenur
and tibia is condyloid (Shier et al., 1999). The knee
is designed to provide nobility in | oconotion and to
bear one’s weight, which is one reason for its
conplexity (Arnheim & Prentice). The knee joint
consi sts of four bones, the fenmur, the tibia, the
fibula, and the patella, which make up severa
articulations. As discussed earlier, the knee al so
consists of two nenisci, the nedial and lateral. Both
meni sci attach to the lateral and nedial articular

facets of the tibia, respectively, and serve to



separate the articulating surfaces (Arnheim &
Prentice).

The joint capsule of the knee is thin, but
tendons and liganments add strength and support (Shier
et al., 1999). A liganent is nothing nore than a band
of soft connective tissue that is conposed of coll agen
fi ber bundles. They thoroughly explain the different
ligaments and their significance in strengthening the
joint. The patellar |iganment, oblique popliteal
| igament, arcuate popliteal liganment, tibial
collateral liganent, and fibular collateral |iganent,
all shown in Figure 1.2, cooperatively strengthen the
j oi nt capsul e. In addition, there are two |iganments
within the joint, the anterior and posterior cruciate
i gaments, which are very strong bands of fibrous
tissue that assist in the prevention of displacenent
of the articulating surfaces.

Li ganents function primarily to transmt tensile
| oads; however, liganents fromthe sanme joint
soneti mes have different properties and healing
responses so it is difficult to group all |iganments
into one category (Wo et al., 2000). For exanpl e,

t he healing responses of anterior cruciate |iganments
(ACLs) and nedial collateral |iganents (MCLs) are very
different; the ACL takes nuch |onger to heal and
cannot heal on its own, which is why ACL injuries seem

so nuch nore abundant (Wo et al.).
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Figure 1.2. Posterior View of the Left Knee (show ng
all the joints that help to strengthen the joint
capsul e, except for the patellar liganent, which is on

the anterior side) (Shier et al., 1999, p. 274).

Anterior Cruciate Liganent
The anterior cruciate |liganent crosses the
posterior cruciate |liganment (PCL) between the tibia
and fenmur and attaches to the anterior intercondylar
area of the tibia (Shier et al., 1999). Arnheimand
Prentice (2000) have conprehensively expl ai ned the

ACL, and its functional and structural conponents.



The ACL is conprised of three tw sted bands: the
anteronedi al, internediate, and posterol ateral bands.
It primarily functions to prevent posterior novenent
of the femur during weight bearing. In juxtaposition
with the hanstring nuscles, the ACL is the nmain knee
joint stabilizer. Furthernore, the ACL keeps the

tibia from experiencing excessive internal rotation.

Injury to the ACL

Al though the ACL is a strong liganent, it is
frequently injured, especially in active individuals
who participate in sports activities. |In fact, there
are about 250,000 ACL injuries in the United States
each year, accounting for $1.5 billion going to ACL
reconstruction annually (Boden, Giffin, & Garrett,
2000). Injuries to the ACL and nedial collateral
I i gament account for as much as 90% of all |iganent
injuries at the knee, with ACL injuries conprising
over half (Wo et al., 2000). The mechanisns for ACL
injuries are typically non-contact and include
pl anting and cutting, straight-knee |anding, and
| andi ng on a hyperextended knee with a one-step stop
(Moel ler & Lanb, 1997). Furthernore, intensity of
pl ay has a great inpact on the chance of ACL injury.
Athletes, male and femal e, are seven tines nore |ikely
toinjure their ACLs in a gane than in practice,
because the intensity tends to be el evated during

conpetition (Physical Therapy Corner, 2000).




ACL injuries tend to be nuch nore common in
femal e athletes. Boden et al. (2000) explain several
reasons why fenmal es are nore susceptible to ACL
injuries. Several anatom cal reasons are an increased
Q angle, increased |iganentous |axity, and inadequate
strength of the quadriceps and hanstring nuscles. The
Qangle is the line created when a line is drawn from
the mddle of the patella to the anterosuperior spine
of the iliumand fromthe tubercle of the tibia to the
center of the patella. The normal Q angle is, on
average, 5 degrees larger in females. The |arger the
Qangle is, the nore pronated the foot becones and,
consequently, increased stress is put on the knee. In
addition to the increased Q angle, the estrogen in a
woman’ s body can predi spose fenales to ACL tears by
rel axing soft tissue and di m nishing tensile strength.
Such dimnished tensile strength results in ACL
laxity. Lastly, fermales have | ess overall nuscle
strength than nales. The decreased strength of the
nmuscl es that assist in knee stability nakes the knee
rely nore on the ACL for stability and in turn al so
puts stress on the liganment. Statistics that were
gathered by the National Collegiate Athletic
Associ ati on (NCAA) show that wonmen suffer from ACL
injuries four tines nore often than nen in basketball,
two and a half tines nore often in soccer, and three

times as often in gymastics (Physical Therapy Corner,

2000). Today, coaches and doctors are working



toget her to design strength prograns for wonen that
will increase strength in an effort to reduce the risk
of ACL injury (Boden et al.).

There are four tests that are currently being
used to test for ACL laxity. Laxity is defined in

Webster’s Dictionary, as sinply “being | oose” (Collin,

1992, p. 268). |If the liganents of the knee are

| oose, they are less likely going to be able to
support one’s body wei ght, which predi sposes the

i ndi vidual to injury. The four types of tests for
ACL |axity are defined by Arnheimand Prentice (2000)
and are presented in Table 1.2. They include: drawer
test, Lachman drawer test, pivot shift test and jerk
test. The drawer test is designed to determine if the
tibia easily slides forward from under the fenur,
Tabl e 1. 2.

Comparison of Four Different ACL Laxity Tests.

Laxity Test Knee's Angl e I ndi cati on of Damage

Dr aner 90 degrees tibia sliding forward

from under fenur

Lachman 20- 30 degrees anterior novenent

dr awner of tibia

Pivot shift extension to pal pabl e cl unk at
30 degrees 20- 40 degrees

Jerk extension to pal pabl e cl unk
20 degrees at degrees

Source: (Arnheim & Prentice, 2000, pp. 229-231).

10



which is a sign of ACL laxity. The Lachman drawer
test is one of the nost popular tests, especially for

i medi ately after injury. By holding the distal end
of the thigh with one hand and the proxinmal end of the
tibia with the other, it is possible to attenpt to
move the tibia forward, which indicates ACL danmage.
Next is the pivot-shift test. It is used to detern ne
anterolateral rotation instability, and if danage has
occurred, the rotating novenent of the test will cause
subl uxation of the lateral tibial plateau that wll
upon flexion of the knee cause a pal pabl e cl unk.
Lastly, the jerk test is the reverse of the pivot

shift test; however, it does, upon flexion of the
knee, produce a pal pable clunk. Al of these tests
have been proven to accurately test ACL |axity.

Humans are not the only animals affected by
anterior cruciate liganment injuries. Many other
mamral i an species suffer fromliganent injuries too;
however, it is seldomdetected unless it is in aninals
such as racehorses and dogs that are very dependant on
joint mobility. Beale (1999) discusses the techni ques
that are used today in ACL |iganent repair in both
smal|l and | arge dogs. In dogs, the type of surgery is
i nfluenced greatly by age and weight. Wth small
dogs, generally under thirty-five pounds, a nodified
retinacular inbrication technique (MRIT) is enployed.
Wth larger dogs, an intracapsul ar procedure using an

autograft is usually used. However, the MRIT can be
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used for both, and a new technique, tibial plateau
leveling, is also enmerging in |larger dog ACL repair.
These techniques are exceptionally different from
t hose used in human ACL reconstruction.
Surgi cal Options

Not all patients with unstable or ruptured ACLs
require surgery. In fact, sone patients who are not
very active are often encouraged to avoid surgery. It
is a rather conplex surgery with an extensive anount
of rehabilitation and therefore is reconmmended only
for patients who are active, young, athletic,
participate in nore than five hours of sports per
week, or experience several instability episodes
within a year (Bach & Boonos, 2001). 1In the majority
of cases, however, surgery is adm nistered as an
out pati ent procedure and requires no extended hospital
stay. Patients who injure the ACL and do not have
surgery generally still undergo rehabilitation in
order to strengthen what portion of the ligament (if
any) is left.

There are nmany surgical options for treatnent of
a ruptured ACL. The options include prosthetic
repl acenent, augnented primary repair, prinmary repair,
and ACL reconstruction, all of which are revi ewed by
Fu, Bennett, Ma, Menetrey, and Latternann (2000).
Prosthetic |iganents, although they have been found
fairly successful in the past, are no | onger

recomrended because at |east 40%fail. Primary and
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augnented primary repair are both al so consi dered out
of date and prove functionally inadequate after a
period of time in a relatively high proportion of
patients. Therefore, the current trend in ACL surgery
is the reconstruction via a biological tissue graft.

The goals of ACL reconstructive surgery are to
elimnate of the pivot shift phenonenon, the
reestabli shnment of normal joint stability, and the
ability to maintain the stability with activity (Bach
& Boonos, 2001). The two types of tissue graft
surgeries that tend to neet these goals the best, and
are nost preferred by surgeons, are the bone-patellar
t endon- bone and t he quadrupl ed hanmstring tendon (sem -
tendinosis and gracilis) grafts (Brand, Wiler,
Caborn, Brown, & Johnson, 2000). Both have been
proven very successful; however, there is a chance for
failure with any type of surgery.

At hl etes generally undergo the bone-patell ar
t endon- bone graft because of the graft’s durability,
|load to failure, stiffness, quality of fixation,
success at long-termfollowup, and its all owance for
the earliest return to activity and conpetition (Fu et
al., 2000). It is typical for an athlete to be back
to full load by four nonths post-surgery using this
technique. On the other hand, the hanstring tendon
graft also has its advantages. It generally inflicts
| ess anterior knee pain on the patient and it provides

for a small er incision. However, the donor-site scar
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is typically much | arger and obvi ous. Anot her area
for debate is the issue over a single-incision versus
t wo-inci sion approach to the surgery. Typically, the
si ngl e-incision technique inproves cosnesis and al |l ows
for faster rehabilitation, but there is still nuch
debate over the pros and cons of both types (Fu et

al .).

The major effort of all reconstructive grafts is
to replace the liganent with material and in a fashion
that it will provide as nuch strength as the original
ACL (Brand et al. 2000). Therefore, different
substitutes require different fixation techniques.
Furthernore, it is inportant to ensure that the
substitute material is able to withstand forces that
will be put on the ligament. Table 1.3 gives

estimations of forces (in Newtons) that are put on the

Tabl e 1. 3.
The Estimati on of Forces That Are

Put on the ACL During Daily Activity.

For ce
Activities ( Newt ons)
Level Wal ki ng 169
Ascending stairs 67
Descending stairs 445
Descendi ng ranp 93
Ascendi ng ranp 27

Source: (Brand et al., 2000, p. 762)
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ACL during daily activity. Both patellar tendon and
hanmstring grafts are able to withstand the forces of
daily activity.

The idea of graft fixation is to restore the
original anatony of the knee as precisely as possible.
Fu et al. (2000) reviews the bone-patellar tendon-bone
graft and the hanstring tendon graft fixation
techni ques discussing their criteria. Wen using a
single incision nethod, tibial fixation is distant to
the joint line and fenoral fixaiton is at the joint
[ine. Wen using the two-incision nmethod, the fenoral
bone plug is away fromthe joint Iine and the tibial
bone plug is at the joint line. Three different types
of screws are used, including netallic, titanium and
bi odegradabl e i nterference screws, in bone-patellar
t endon-bone fixation currently, all producing the sane
clinical outcome of reconstruction. Furthernore, the
use of bioabsorbable, soft tissue screws is the nost
recent trend in hanstring tendon graft fixation. They
allow for tibial and fenoral joint line graft
fixation.

The steps of the surgical process are very
preci se and extensive. Bach and Boonos (2001)
categori ze the surgical process into several mgjor
steps: graft harvest and preparation, notch
preparation and notchplasty, tibial tunnel placenent,
fermoral tunnel placenent, graft placenent and

fixation, and closure. There are many different

15



i nstruments used during ACL reconstruction, which are
listed in Appendix A

When perform ng an autograft surgery, the surgeon
nmust take the graft material fromsonme other part of
t he body, and in these cases the patellar tendon or
hanmstring tendon is used. After the harvest of the
graft, the surgery is quite simlar for bone-patellar
t endon- bone and hanstring tendon autografts.
According to Bach and Boonos (2001), the surgeon
carefully extracts a nmeasured portion of the
respective tendon through an incision that neasures
about 8mm The extraction is done with a great deal
of precision, so the tendon is disturbed as little as
possi ble and the risk of intraoperative patellar
fracture is mnimal. A notchplasty is usually needed
to stretch the lateral wall of the notch so that the
graft is protected during the healing phase.
Furthernore, it usually allows the surgeon a better
view. Next is the tibial tunnel placenent. The goal
of the tibial tunnel placenent is to imtate the
previous md-third ACL insertion region by having an
intra-articular entrance. The fenoral tunnel
pl acenment is the next step in the surgical process,
and it ainms to place the tunnel as far back as
possible. Finally, the graft placenment and fixation
occurs. Bone plugs and interference screws are used
to secure the graft in place. Before the knee is

closed up, it is tested for stability with a series of
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tests. The tests used for stability testing include
Lachman test, anterior drawer test, and pivot shift
test. |If acceptable results are found, the incision
is closed, and the subcuticular tissue is sutured.

The main variation that occurs between these two
types of reconstructive ACL grafts is found in the
donor-site norbidity. Fu et al. (2000) conpare the
donor-site norbidity of these two techniques. The
bone- patel | ar tendon-bone autograft has been found to
cause anterior knee pain in 4-40% of patients;
however, aggressive rehabilitation tends to decrease
the amount of pain felt. Mny techniques are being
used to reduce the anterior knee pain after surgery
(Tsuda, Okanura, |shibashi, O suka, & Toh 2001).
Furthernore, Fu et al. continue to conpare the donor
site norbidity of the two surgical techniques. Wile
the cl osure techni que may have sone influence on the
degree of anterior knee pain, the regaining of range
of nmotion and intense rehabilitation tend to influence
t he amount of pain nore directly. On the other hand,
the hanstring tendon graft causes firmscar formation
in the region of the harvest. However, there has been
m ni mal donor-site pain reported, and there has been
no maj or functional inpairnment found.

Post - ACL Surgery Rehabilitation

Wil e the actual surgical procedure is very

important, the therapy and rehabilitation techni ques

after the surgery are equally inportant. The main
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rehabilitation goal is to restore the normal knee
function. However, other rehabilitation goals differ
from person to person depending on the | evel of
activity the person wishes to obtain (Prentice,
1990a). For exanple, an athlete would undergo a nuch
nore intense rehabilitation programthan a m ddl e- aged
person who participates in athletic activities only
occasional ly.

The goal of any rehabilitation programis to
mnimze swelling, control pain, and restore ful
range of notion and function (Arnheim & Prentice,
2000). There are many different types of therapy and
rehabilitation techniques used in post-surgery
rehabilitation, and Arnheimand Prentice (2000)
sumari ze them Post surgery therapy includes, but
is not limted to: RICE (Rest, Ice, Conpression,
El evation), electrical nuscle stinulation, ultrasound,
massage, and nobilization techniques. Furthernore,
t he exercise rehabilitation includes: neuronuscul ar
trai ni ng, endurance exercises, hanstring and
guadri ceps strengtheni ng exerci ses, open and cl osed
ki netic chain exercises, patellar nobilization
exerci ses, and sport-specific activities. Al of
these rehabilitation techni ques are shown in Table
1. 4.

El ectrical nuscle stinmulation (EMS) is thoroughly

covered by Arnheimand Prentice (2000). It is the use
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of electricity as energy to transmt magnetic,
chem cal, nmechanical, and thermal effects on soft
tissue. EMS is used primarily to reeducate the
nmuscl es surroundi ng the knee after they have
experienced atrophy due to nuscular inhibition after
surgery. EMS also plays a minor role in increasing
t he range of notion of the knee (Prentice, 1990b).
Utrasound is a deep-heating nodality and is primarily
used to increase blood flow (Arnheim & Prentice).
However, there are many ot her advantages to using
ul trasound, which include a decrease in joint
stiffness, increase in |ocal netabolism increase of
pain threshold, and increase in extensibility of
coll agen tissue (Prentice, 1990b). Massage is defined
as “the systematic mani pulation of the soft tissues of
t he body” (Arnheim& Prentice, p. 367). Friction
massage is used after surgery to prevent stagnation of
circulation and to prevent scar formation rigidity
(Arnheim & Prentice). There are many nobilization
t echni ques which incorporate repetitive novenent of
the joint, all of which aimto restore the range of
notion (Prentice, 1990b).

Neur omuscul ar training is the attenpt to retrain
the muscles to successfully conplete repetitions of a
patterned nmovenent, thus reestablishing neuronuscul ar
control (Arnheim & Prentice, 2000). Endurance
exerci ses and strength exercises are often

adm ni stered together. These types of exercises are
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usual | y done usi ng exerci se machi nes, nanual

resi stance, free weights, or rubber tubing (Prentice,
1990a). However, strength training can be broken down
into three categories, isonetric training, isotonic
training, and isokinetic training, all of which are
briefed by Prentice (1990a). |Isonetric exercises are
nore conmon in early post-operative rehabilitation.
They increase static strength and decrease atrophy,

yet no functional force is devel oped. |Isotonic
exercises are inportant in inproving muscul ar

strength. The contractions are of two types:
concentric and eccentric. The athlete generally
focuses on the concentric contraction, which is the
shortening of the muscle; however, in rehabilitation
there is enphasis put on eccentric contraction, a
contraction where force is being applied as the nuscle
is lengthening. Lastly, isokinetic exercises are nost
commonly used in the | ater phases of the
rehabilitative process. Wth this type of exercise,
it is possible to get nmaxi mal resistance throughout
the range of notion because the resistance noves at a
preset speed. There are many comercial isokinetic
exerci se devices that are sold to therapy clinics to
be used for rehabilitation purposes. Furt her nore,

ot her types of exercises |ike bicycling, swi nmmng, and
jogging are al so supplenentary to the strength and

endur ance prograns.
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Hooper, Morrissey, Drechsler, Mrrissey, and King
(2001) conpare the open and cl osed kinetic chain
exerci ses when used after ACL reconstruction. There
has been, in the past ten years, a shift fromthe use
of open kinetic chain exercises to closed kinetic
chain exercises for various reasons. C osed kinetic
chain exercises tend to better replicate functiona
tasks, put less strain on the ACL, and put |ess stress
on the patellofenoral joint.

Wth patellar nobilization exercises, the
t her api st addresses a specific limting structure and
focuses on the soft tissue contracture, trying to get
it to release (Prentice, 1990a). This works to
i nprove accessory notion as well as total notion of
the knee. Lastly, sport-specific activities are an
essential part of the rehabilitation process because
it gets the patient ready to return to play. The
skills are broken down into conponent parts and
gradual |y introduced throughout the rehabilitation
process (Arnheim & Prentice, 2000). By the tinme the
athlete is in the third-fourth nonth post-surgery, he
or she should be perform ng many of the sport-specific
skills without pain (Prentice, 1990a).

Hypot hesi s

The knee is a very conplex structure that
i ncorporates many different |iganments, tendons, bones,
and nuscles into one functional unit that supports

body weight, allows for nmobility, and provides
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cushi oning. Because of its many functions, the knee
joint is predisposed to injury, causing 250,000 people
in the United States to suffer fromknee injuries
yearly (Boden et al., 2000). Knowi ng the knee’'s
response to various types of treatnent after anterior
cruciate |iganment reconstructive surgery is very
important in today’s society, considering the el evated
nunber of knee injuries. There are nmany studi es that
have researched the various types of reconstructive
surgery options. The results from such studies are
influential on the patient’s choice of surgery type to
undergo. In fact, the best surgery type under
particular circunstances is easily deci ded because of
all of the research in the area.

It is the goal of ny research to take patients
who underwent bone-patellar tendon-bone autograft
surgery and conpare the post-operative progress of

vari ous subgroups (i.e., male and fermale, athlete and

non-athlete). | hypothesize that the patients who are
male will recover faster than those who are female.
Furthernore, | hypothesize that the athletes will have

a qui cker recovery than the non-athl etes because they
typically have nore desire and work harder than non-
athletes. Further, the efficacy of post-operative

therapies will be exani ned.
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CHAPTER 1 |

MATERI ALS AND METHODS

Data Col | ection

Patients

Data was col |l ected on patients who underwent
their entire post-ACL surgery rehabilitation at
Appal achi an Therapy Center (ATC) in Maryville,
Tennessee. Perm ssion was obtained from Joe Bl ack,
PT, ATC, and CSCS, to use information obtained from
charts that are on file. A list of past ACL surgery
patients was generated by several of the physical
t her api sts, physical therapist assistants, and
athletic trainers that work at Appal achi an Ther apy
Center. The list of nanes was then taken to the ATC
busi ness office where the charts are kept on file, and
each person’s file was obtained. Each patient was
given a nunber, as his or her file was obtained, by
whi ch that patient was referred to throughout the
experinment to ensure confidentiality. Thirty-six
patient’s files were obtained, including 20 nmal es and

16 femal es.
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File informati on

Initially, each file was reviewed to assure that
the patient did undergo bone-patellar tendon-bone
autograft surgery and furthernore conpleted his or her
entire rehabilitation at ATC. Each patient’s file
i ncluded daily progress information, a weekly exercise
sheet, a general protocol sheet, results from bi odex
test(s), and progress notes.

Each file was carefully analyzed to record any
vari abl e that may have an influence on the overal
outcone of the rehabilitation. Factors taken into
consi deration included: gender, weight, age, involved
knee, average tine spent doing rehabilitation in the
clinic each week, and whet her the subject was an
athlete or not. Athleticismwas determ ned by
participation in organized sporting function. The
date of surgery was al so recorded. Then, the range
of notion (ROM was recorded for each patient on a
weekly basis until the patient reached full ROM
Begi nning no earlier than ten weeks post-operation,
bi odex tests were performed every two to four weeks
until the patient was released. Results fromthese

tests were al so recorded.
Dat a Recordi ng

Range of Motion

Range of Mdtion is charted using a gonioneter,
which is shown in Figure 2.1. The patient is

generally laying flat on his or her back and asked to
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Figuré 2.1. Use of the Goniometer to Measure ROM

(Fl exi on) of the Knee (Pedersen, 2001).

flex at the hip first, then to flex at the knee as
much as possible. Full ROM does vary slightly from
patient to patient, but it is between 135° and 150° for
fl exi on and around 0° for extension (Pedersen, 2001).
To take the neasurenent, the stationary arm of the
goni oneter should be mdline on the fenmur and in |ine
with the greater trochanter, and the noving arm shoul d
be aligned with the mdline of the fibula. As the
knee fl exes, the angle becones | arger, and when the
patient is at maxi num fl exion, the degree of the angle
i S recorded.

Bi odex Test

The test used to chart progress of ACL
rehabilitation patients at ATC is the biodex test.
O her functional activities are also utilized, but
they differ frompatient to patient. Biodex tests are
consistently adm nistered to ACL rehabilitation
patients and therefore are conparable. The biodex

machine is shown in Figure 2.2. The biodex machine is
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connected to a conputer that takes in the information
and converts it to quantitative data that can then be
anal yzed by the physical therapist and orthopedic
doctor. It charts progress in several areas through a
series of essentially three tests. The patient sits
in the chair attached to the machine (as shown in
Figure 2.2). Then special settings are chosen on the
machine to specify that a test is to be adm nistered
to the knee. At the time of the test the flexion and
extension should be full and no limts will have to be

set.

Figure 2.2. View of Patient Using the Bi odex Machi ne,
for Knee Rehabilitation (DB Equi pment Consulting,
2002).
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The non-injured leg is always tested first so a
conpari son can be made. The machine is set to do 3 of
the sane tests but at different speeds (60 degrees per
second, 120 degrees per second, and 180 degrees per
second). The two sl ower speeds test strength, whereas
the third speed is a test of endurance. Both strength
and endurance are vital to a full recovery, and
wi t hout acceptable results on both, the patient wll
generally not be released. The patient is asked to
extend and flex with as nmuch power and strength as
possible for five repetitions of each, with a rest
between the two sets. The |last set is nuch quicker,
and, therefore, the patient is asked to perform
fifteen repetitions during which endurance is charted.
After the test is perforned on both knees, the
conputer will generate a printout of quantitative data
that is used to determ ne progress.

Peak torque, total work, and average power are
three results generated by the biodex test that wll
be used in the current project. Peak torque is
i ndicative of the nuscle’s strength. It is the
hi ghest anpbunt of force exerted at any tinme during the
repetition. Total work is the nuscle’'s ability to
produce force throughout the range of notion
consistently. Lastly, average power is representative
of the efficiency with which the nuscle produces force
and therefore it is the total work divided by the

tine.
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After these results are generated they are
recorded on a printout as seen in Appendix B. The
printout includes the patient’s weight and injury
protocol as well as all of the results fromthe biodex
test. Al of the data was taken and the quantitative
data was recorded for peak torque, average power, and
total work. Al information was recorded on a patient
information form (Appendix C). A formwas filled out
for each individual patient, and then the information
was transferred to a spreadsheet in Mcrosoft excel
where the information for every patient could be
conpar ed.

Statistical Analysis

Averages for all factors were generated and the
resulting averages were used to make figures in
M crosoft Excel for the data. The figures were used
to conpare nales vs. fenales and athletes vs. non-
athletes. Furthernore, a figure was generated to
conpare the patient’s ROM over tine.

In StatView, an analysis of variance test (ANOVA)
was conducted in order to analyze the data for week of
rel ease in regards to gender and athleticism
Furthernore, all other data sets were anal yzed in
Stat Vi ew usi ng an anal ysis of covari ance test
(ANCOVA). The raw data was used for the statistica
tests as opposed to the nean value that was used in
the figures. By inputing gender and the individuals’

athletic involvenent as the covariables, | was able to
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generate p-values for both. The ANCOVA test all owed
for analysis of the correlation between gender and
time, athleticismand tine, and all three

col l ectively.
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CHAPTER | I |

RESULTS

The one variable that was nmeasured fromtine of
operation through the time of the first biodex test
was range of notion (see Figures 3.1 and 3.2). The
ROM showed no significant difference for athlete or
gender. The week of release was not significantly
different (p = 0.747) anong gender and athlete either

(see Figure 3.3).

The variables used to determ ne the strength of
t he knee (peak torque, average power, and total work)
during extension and flexion at the three speeds were
each anal yzed separately. Furthernore, they were each
anal yzed to determ ne the rel ationshi p between gender
and/or athlete as it correlated with the week of the
test. Each figure represents the percent of the non-
injured knee's performance for the appropriate test.
Al'l three speeds are represented in each figure and
results are reported fromten weeks post-operation,
continuing through twenty weeks post-operation, with

t he sanpl e size for each week noted above the bar.
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Peak torque was not significantly different at
extension (see Figures 3.4 and 3.5) or flexion (see
figures 3.6 and 3.7) at any speed except for flexion
at 180° second when athl ete and gender were both
considered (p = 0.006). Average power showed no
significant difference for gender as it varied with
week; however, extension (see Figures 3.8 and 3.9) at
120°/ second and flexion (see Figures 3.10 and 3.11) at
120°/ second and 180° second did show significant
differences (p = 0.041, 0.045, and 0.037 respectively)
for athlete as it varied with week, with athletes
havi ng greater extension and flexion than
non- at hl etes. \Wen consi dering both athlete and
gender as they varied with week, extension and flexion
were both different at 120° second (p = 0. 042 and

p = 0.049, respectively). Lastly, total work showed
no significant difference for gender as it varied with
week or for both gender and athlete as they varied
with week. Total work was only significantly
different when athlete varied with week during
extension (see Figures 3.12 and 3.13) and flexion (see
Figures 3.14 and 3.15) at 120° second and extension and
fl exion at 180° second (p = 0.010, p = 0.007,

p = 0.010, and p = 0.013, respectively), with athletes
havi ng greater overall extension and flexion than non-
athletes. See Table 3.1 for all of the p-values for

ROM peak torque, average power, and total work.
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CHAPTER | V

DI SCUSSI ON

The anal yses of the data indicated that gender
had absolutely no significant effect on rehabilitation
from bone-patel |l ar tendon-bone autograft surgery.
Therefore, although females are at a greater risk of
tearing their ACL, there is no reason to believe that
they will experience a | ess successful rehabilitation
conpared to nen. Simlar results were found by
Ferrari, Bach, Bush-Joseph, Wang, and Boj chuk (2001)
anal yzing the outcone of ACL |iganment reconstruction
with regard to gender. Ferrari et al. included 200
(137 nmen and 63 wonen) bone-patellar tendon-bone
reconstructions in their study, all of whom underwent
surgery by a single surgeon’s practice. As opposed to
using the biodex test results as the primary indicator
of recovery, Ferrari et al. assessed the knee with
Tegner, Lysholm nodified HSS, Ci ncinnati Knee rating
scal es, and a questionnaire. However, regardl ess of
the nethod of determining rehabilitation success,
conparabl e figures were generated statistically and no

significant difference was found in either study.
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The influence of athleticismon rehabilitation
rate was al so considered in the study. Significant
di fferences were found at sonme endpoints, with
at hl etes experiencing a nore successful rehabilitation
t han non-athletes. Neither flexion nor extension at
60 degrees yielded a significant difference. The
sl ower speed (60 degrees/second) is indicative of pure
strength whereas the faster speeds (120 degrees/second
and 180 degrees/second) are nore indicative of
endurance of the nuscle. Therefore, in regard to
strength the athletes and non-athl etes were not
different. However, a significant difference was
found at several endpoints at 120 degrees/second and
180 degrees/second, which indicates that athletes
regai n endurance qui cker and nore efficiently than do
non-at hl etes. Peak torque, the nuscle’ s strength
capabilities, showed no significant difference at any
point wth neither flexion nor extension. Average
power, speed by which a muscle can produce force, did
show significant differences at 120 degrees/second and
180 degrees/second. This nmeans that athletes
typically have a significantly better endurance, with
regard to average power. Lastly, significant
differences were also found at 120 degrees/second and
180 degrees/second when consi dering total work,
capability of the muscle to work throughout the entire
range of notion for the entire tine. This difference

indicates that athletes regained their total nuscul ar
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force quicker than non-athletes did. |In sunmmary, the
overall rehabilitation of athletes progressed at a
faster rate when conpared to non-athl etes.

The athletes all underwent an accel erated
rehabilitation protocol whereas the non-athletes
typically went by a nore conservative, non-accel erated
protocol. Several studies have conpared accel erated
and conservative rehabilitation protocols. The
accel erated protocol does inplenment an increased use
of closed kinetic chain exercises when conpared to the
traditional protocol (Shelbourne & Nitz, 1990).
However, the primary difference in the two
rehabilitation regimes is the rate at which the
rehabilitation is adm nistered. Each protocol
consi sts of particular phases through which certain
criteria nmust be nmet before advancement to the next
phase. The accel erated protocol is nuch nore intense,
resulting in a quicker advancenent through the phases
of rehabilitation. A study by De Carlo, Shlebourne,
McCarroll, and Rettig (1992) found that patients who
underwent the accel erated protocol had nore functional
and stronger knees at the end of rehabilitation. In
fact, they found that using the accel erated protocol
could al nost cut the rehabilitation tinme in half.
Based on these results, nobst rehabilitation regines
have been sonewhat accelerated in the past 10 years,
but typically athletes still undergo a much nore

strenuous rehabilitation regine, which is what
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contributes to their quicker nore efficient
rehabilitation and recovery.

In addition to the De Carlo et al. (1992) study,
several other studies have concl uded that the
accel erated protocol does in fact speed-up the
rehabilitation process, without putting the graft at
risk or conpromsing the stability of the joint.

Shel bourne and Nitz (1990) found that quadriceps
strength came back much faster with the accel erated
protocol. Several factors were found to be inportant
in the recovery of quadriceps strength and they

i nclude pain tol erance, notivation (whether it be
personal or from sonmeone el se), and edema contro
(Shel bourne & Nitz).

It is inmportant to keep in m nd when anal yzi ng
the data that it came froma fairly small experinental
group (36 total patients), and therefore could yield
i naccurate results. Plus, the study included any
patient who underwent therapy at Appal achi an Ther apy
Center; however, it was not restricted to a single
surgeon. Therefore, it is possible that there nmay be
small differences in the method by which each surgeon
adm ni stered the bone-patellar tendon-bone autograft
surgery that could possibly contribute to variation in
rehabilitation rate. Furthernore, another factor that
nmust be considered, and could contribute to error, is
that when a patient had recovered to the point at

whi ch he or she was rel eased fromtherapy he or she
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t hen dropped out of the study. Therefore, the only
patients included in the eighteen-to twenty-week tests
were those who were experiencing slower recovery.

It is concluded that athleticismdoes have an
i npact on rehabilitation rate primarily due to the
accelerated rehabilitation protocol that athletes are
exposed to. However, other factors such as
notivation, the will to return to active participation
in a sport, and the understandi ng of exercise and
endurance could also contribute to the quicker
recovery of athletes. Furthernore, it is also
concluded that rehabilitation rate is not dependant on
gender.

Based on the results of the current study, it is
antici pated that a quicker rate of recovery could be
achieved for non-athletes if the accel erated
rehabilitation protocol was inplemented. It is
understood that not all patients would be able to
accomodat e an accel erated protocol, but if possible
it would contribute to a quicker recovery. However,
only the patient can control factors such as
notivation, desire, and nmental attitude toward the
rehabilitation, and wi thout such things, a slower
recovery will be the result. |In order to obtain the
optimal recovery rate for every individual, the
accel erated rehabilitation protocol should be
i npl enented for everyone. |If the accel erated protocol

was i npl emented, further research could be done to
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then conpare the recovery rates. If a difference was
still found, further study woul d be necessary to
determ ne other factors underlying that difference.
Furthernore, studies to determ ne the significance of
ot her factors could also be done with regards to the
idea of athleticism By elucidating physiological and
notivational factors, it would be possible to analyze
the “athl ete” and determ ne what underlying factors of
athl eticismhave the greatest inpact on injury

recovery.
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Art hroscopi ¢ eval uation
* 4.5 mm 30-degree arthroscope
* Inflow cannul as

e Arthroscopic probe and instrunent
Graft harvest

» Scal pel

e Senn retractors

* Arny-navy retractor

e Oscillating saw

e 10 mm wi de oscillating saw bl ade

* Electrosurgery unit penci

* Curved osteotones (1/4-inch, 3/8-inch)
« Mllet

e Tissue forceps

 Met zanbaum sci ssors

* Measured ruler
Graft preparation

e Sizing tubes (10/11mm

e 0.062 inch snmooth K-wire
« Power drill

* Pituitary rongeur

e Sterile marking pen

# 5 brai ded nonabsorbabl e pol yester sutures
Not ch preparati on and notchpl asty

 Adhroscopic scissors

e Arthroscopi c osteotone

* Adhroscopic el ectrosurgery tool

e Mtorized arthroscopic shaver (5.0m
e Arthroscoopic spherical burr (5.5m)
* Curved 1/4 inch osteotone

« Mllet

e Large arthroscopi c grasper
Ti bial tunnel placenent

e 1/2 inch Cobb el evat or

» Electrosurgery unit penci
 Tibial aimng guide

e 3/32 inch snooth Steinman pin

e Drill

e 10mmor 11 inch cannul ated reaner
* Mtorized shaver

e« Chanfer reaner

e Arthroscopic rasp
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« Large adroscopi c grasper

* Finely woven gauze
Fenoral tunnel placenent

e 7mm fenoral aimng offset guide
e 3/32 inch snooth Steinman pin

e Drill

* 10mm cannul at ed reamer

* Adhroscopi c probe

» Mtorized shaver/burr
Graft placenment and fixation

« Capener gouge

e Senn retractor

e 2-pronged pusher

* Curved henost at

* Flexible 14 inch hyperflex titanium pin

e Cannul ated interference screw for fenora
fixation (7mm x 25mm)

e Cannul ated interference screw for tibial fixation
(9$m x 20mM)
« Tibial plug
Speci al instrunentation
 Tissue protector
» Bone graft chip collector

e Meniscal repair cannulas, retractor, and sutures
Cl osure

e 2-0 braided absorbable suture
* 3-0 nonofilament pol ypropyl ene suture
* Bupi vi cai ne hydrochl ori de

Source: (Bach & Boonos, 2001, pp. 158-159).
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