THE EFFECT OF DIFFERENT IMPACT EXERCISE TRAINING ON
DEFORMATIONAL BEHAVIOR AND FUNCTIONAL ADAPTATION OF
ARTICULAR CARTILAGE

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF SOCIAL SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

OZGUR CELIK

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY
IN
THE DEPARTMENT OF PHYSICAL EDUCATION AND SPORTS

JANUARY 2010



Approval of the Graduate School of Social Sciences

Prof. Dr. Sencer Ayata
Director

I certify that this thesis satisfies all the requirements as a thesis for the degree of
Doctor of Philosophy.

Assoc. Prof. Dr. M. Settar Kocak
Head of Department

This is to certify that we have read this thesis and that in our opinion it is fully
adequate, in scope and quality, as a thesis for the degree of Doctor of
Philosophy.

Prof. Dr. Feza Korkusuz
Supervisor

Examining Committee Members

Prof. Dr. Giilfem Ers6z (AU, BESYO)
Prof. Dr. Feza Korkusuz (METU, PES)
Assoc. Prof. Dr. Settar Kocak (METU, PES)
Assoc. Prof. Dr. Aydiner Kalact (MKU, BESYO)
Assist. Prof. Dr. Hilmi Taser (MKU, BESYO)




I hereby declare that all information in this document has been obtained
and presented in accordance with academic rules and ethical conduct. I
also declare that, as required by these rules and conduct, I have fully cited
and referenced all material and results that are not original to this work.

Name, Last Name : Ozgiir Celik

Signature

i1



ABSTRACT

THE EFFECT OF DIFFERENT IMPACT EXERCISE TRAINING ON
DEFORMATIONAL BEHAVIOR AND FUNCTIONAL ADAPTATION OF
ARTICULAR CARTILAGE

Celik, Ozgiir
Ph.D., Department of Physical Education & Sports

Supervisor: Prof. Dr. Feza Korkusuz

January 2010, 159 pages

The objective of the present study was to investigate deformational behavior
and functional adaptation of articular cartilage by comparing the changes of
biochemical osteoarthritis markers’ concentrations due to 30-min exercise after

12-weeks of regular high impact, impact or non-impact exercise.

Blood samples were drawn from 44 healthy sedentary males immediately
before, immediately after and 0.5 h after a 30-min moderate walking exercise.
Osteoarthritis biomarkers’ (Serum COMP and CTX-I) concentrations were
determined with enzyme-linked immunosorbent assay. After the first
measurements, participants were randomly assigned to running, cycling,
swimming, and control groups. All groups except for control group trained for

12 weeks. After 12-weeks, post tests were applied.

Multivariate tests indicated a significant fatigue and resting effect on serum

COMP concentration in all groups at pre- and post-tests. Therefore, pair wise

v



comparisons were conducted in order to assess the differences across all groups
and conditions. Results indicated significant differences in post-test
measurements among phases of groups except for running group. However,
fatigue or resting did not change the concentration of serum CTX-I in any

groups during the tests.

According to results, moderate walking activity has an influence on the increase
of serum COMP concentrations of young sedentary men. However, 12 weeks
regular weight-bearing high impact physical exercise decreases the
deformational effect of walking activity by functional adaptation of articular

cartilage to specific environmental requirements.

Key words: COMP, CTX-I, Running, Cycling, Swimming.
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FARKLI DARBELERDEKI EGZERSIZLERIN EKLEM KIKIRDAGININ
DEFORMASYONEL DAVRANISINA VE FONKSIYONEL
ADAPTASYONUNA ETKISI

Celik, Ozgiir
Doktora, Beden Egitimi ve Spor Boliimii

Tez Yoneticisi: Prof. Dr. Feza Korkusuz

Ocak 2010, 159 sayfa

Bu caligmanin amaci, 12 hafta siireyle yapilan darbeli, yliksek darbeli veya
darbesiz egzersizlerden sonra, 30 dakikalik egzersizin eklem kikirdaginda sebep
oldugu deformasyonel davranis1 ve fonksiyonel adaptasyonu, serum osteoartrit

isaretleyicilerinin konsantrasyonundaki degisikligi degerlendirerek arastirmakti.

Kan ornekleri, 44 saglikli sedanter erkekten 30 dakikalik orta siddette yiiriime
egzersizinden hemen once, hemen sonra ve yarim saat sonra alindi. Osteartrit
biyo-isaretleyicilerinin (Serum KOMP ve CTX-I) konsantrasyonu ELIZA
yontemi ile belirlendi. Ilk dl¢iimlerin ardindan katilmcilar rasgele drneklem
metodu ile kosu, bisiklet, ylizme ve kontrol gruplarina ayrildi. Kontrol grubu
haricinde tiim gruplar 12 hafta boyunca antrenman yapti. 12 hafta sonunda, son

testler uygulandi.

vi



Cokdegiskenli testler tiim gruplarda ilk ve son testlerde yorgunlugun ve
dinlenmenin serum KOMP konsantrasyonu {izerinde anlamli bir etkisi
oldugunu gosterdi. Bu nedenle, hangi gruplarin ortalamasinin degistigini
degerlendirmek i¢in ikili karsilagtirmalar uygulandi. Kosu grubu hari¢ diger
gruplarin son test Olclimlerindeki fazlarda da anlamli farklar oldugu ortaya
cikti. Ancak testler sirasinda yorgunluk ve dinlenme serum CTX-I

konsantrasyonunu degistirmedi.

Sonuglara gore, orta siddetli yiirlime aktivitesi geng sedanter erkeklerin serum
KOMP konsantrasyonunu ylikseltebilecek etkiye sahiptir. Ancak, 12 hafta
siireyle diizenli olarak yapilan, viicudunun agirligimnin tagindigr ve yliiksek
carpma etkisi yaratan egzersizler, eklem kikirdagmin belirli ¢evresel
gereksinimlere fonksiyonel adaptasyonu sayesinde yliriime aktivitesinin sebep

oldugu deformasyonel etkiyi diistirmektedir.

Anahtar Kelimeler: KOMP, CTX-I, Kosu, Bisiklet, Yiizme
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

About 140 years ago famous biologist Charles Darwin (1872) stated that the
ability of tissues to emerge and maintain their structure in accordance with
specific environmental requirements has been called “Functional Adaptation”
(Darwin, as cited in Eckstein, Hudelmaier, & Putz, 2006). Processes of
functional adaptation have been regarded as occurring during the development
of the central nervous system (e.g. the visual cortex), internal organs (e.g. the
kidney) and in tissues with primarily mechanical functions, such as muscle and

bone (Eckstein, et al., 2006).

Today almost all the principles of physiological conditioning and sports
training theories are based on functional adaptation. According to ACSM’s
guidelines (2001) there are numerous effects of regular physical activity that
can be called as functional adaptation such as improvement in cardiovascular
and respiratory functions, reduction in coronary artery disease risk factors,
control of hypertension, decrease of obesity, and descent of cancer risk.
Moreover, effect of regular exercise is most obvious in muscle and bone. A
muscle hypertrophy elicited by using moderate loads, high volume and short to
moderate rest periods at training (Baechle & Earle, 2000). In addition, in a twin

study, it is revealed that some part of the variability of the peak bone mineral



content and density are determined by genotype, but other part is determined by
life style and epigenetic factors, such as exercise, diet (Pocock et al., 1987). On
the other hand, prolonged skeletal unloading in long-duration spaceflight has
shown consistent loss of bone mineral, especially at the lower skeleton (Lang,
2006; LeBlanc, Spector, Evans & Sibongal, 2007). These findings are evidence
of well defined mechanism of functional adaptation of muscle and bone to

mechanical load.

Cartilage tissue has also mechanical function like bone or muscle tissues.
Physical forces are known to influence the synthesis, assembly and degradation
of the cartilage extracellular matrix (Giannoni, Siegrist, Hunziker & Wong,
2003). Cyclic loading is the most common mode of loading in human lower
limb joint. These joints are subjected on average to between 1 and 4 million
load cycles per year (Barker & Seedhom, 1997; Seedhom & Wallbridge, 1985).
However, the functional adaptations of a cartilage tissue especially to physical
exercises were the subjects that had not been searched for enough. Up to now,
the effect of exercise on articular cartilage tissue has traditionally been
examined in animal models (Lammi et al., 1993), and until recent times there
have been limited researches about the relation between human cartilage and

exercise.

There is no exact combination of sport exercise that will be beneficial for
cartilage health and preventive precautions. Moreover, there are some exercise
recommendations for arthritis treatment and rehabilitation (Gordon, 1993;
Zhang et. al, 2008). In these recommendations patients were encouraged to
undertake regular aerobic, muscle strengthening and range of motion exercises.
Also, there are many recommendations about exercises for general health

(ACSM, 2001; Cavill, Kahlmeier & Racioppi, 2006). Swimming, cycling and



running are some of the most recommended aerobic exercise types for both
arthritis and general health in literature. These three sport kinds are also

relatively most accessible and common sports all over the world.

According to Austin and Noble (1994), swimming is the best kind of exercise
which is beneficial for all the systems and functions. Swimming incorporates
both the upper and lower body musculature. Since it is a nonweight-bearing
activity, the chances of exacerbating arthritis are extremely low (Gordon,
1993). Evidence for pain relief and improvements in stiffness in patients with
symptomatic hip osteoarthritis following exercise in water was also reported by
Cochrane, Davey & Edwards (2005). In addition to benefits of swimming on
arthritis cases, Katz & Bruning (1993) claimed that enough swimming helps
improving circulatory and respiratory functions, gives stronger and firmer
muscles, increases flexibility, helps losing weight, aids physical therapy and has
many other benefits. Maglischo & Brennan (1985) also listed the benefits of
swimming as appearance benefits, other muscular and skeletal changes,
improved flexibility, circulatory benefits, respiratory benefits, psychological

benefits.

Cycling is another exercise type which is commonly recommended for
treatment of arthritis and general health. Cycling has become a favorite
recreational sport all over the world. The total number of cyclist who exercises
regularly in US is estimated as more than 50 million by the Bicycle Institution
of America (Carmichael and Burke, 1994). And one of the most popular home
equipment exercise item is a stationary bicycle; more than three million are
bought every year (Carmichael and Burke, 1994). Both kinds of cycling have
similar benefits but in road cycling, roads tend to go up and down

unexpectedly. Also an additional mild joint stress by outdoor cycling on



shoulder, elbow and wrist might occur (Gordon, 1993). Therefore, stationary
bicycle is preferable in some cases. Carmichael and Burke (1994) listed the
benefits of cycling as cardiovascular fitness benefits improved flexibility,

improved body composition and improved muscular endurance and strength.

In literature there are lots of sources explaining the similar benefits of running
on general health like swimming and cycling. In the report of surgeon general,
running is one of the most pronounced physical exercise types. Especially long-
distance running is currently one of the most popular fitness activities,
involving an estimated 30 million people in the United States alone
(Hofmann,Wortler & Imhoff, 2004). Also, according to Anderson and his
collaborates (2006) Running and jogging, like walking, is one of the best
aerobic activities. They states that running is just extension of walking, and will
add intensity for physical activity and also takes less time for the same aerobic
and calorie-burning benefits. One another advantage of running is that bones
and joints get more pressure exerted on during running therefore, they grow
stronger and this affords better protection against osteoporosis (Anderson et. al.,
2006). Also, running is a easy way for most people to get regular exercise
because it doesn’t require special facilities or equipment except for a proper

shoe.

As a result all these three exercises are almost most common and recommended
exercises. The effect of different exercises, durations, intensities and densities
on general health studied extensively in the literature. And as a general
expectation a well-organized exercise program, with these kinds of exercises, is
the most beneficial instruction to achieve the sense of well-being. On the other
hand, the effect of recommended exercise interventions on the articular

cartilage is not clear enough. Previous studies limited with the animal and



cadaveric studies or injured or elite athletes evaluations. But in the designing of
the present study we examined the effect of most recommended exercise

interventions on articular cartilage of knee joint.

1.2 Rationale of the Study

As a mechanical tissue, mechanosensitivity of cartilage tissue has not been
investigated extensively unlike bone or muscle. Main reason of this was the
lack of non-invasive methods that allow human articular cartilage to be studied
directly in vivo. However, with quantitative magnetic resonance imaging and
validated biochemical joint damage markers, investigations on these topics
have become popular (Eckstein, Hudelmaier, Putz, 2006; Garnero et al., 2002;
de Jong et al., 2008).

Preliminary researches about the effect of exercise on articular cartilage were
generally on animal models (Lammi et al, 1993). Recent researches tested
effect of physical exercise on human articular cartilage. In this researches
investigators generally, compared structure of elite athletes’ articular cartilage
with those of non-athletes (Eckstein et al, 2002; Muhlbauer et al, 2000) or
effect of one bout of training on articular cartilage (Kersting, Stubendorff,
Schmidt & Bruggemann, 2005; Mundermann, Dyrby, Andriacchi & King
2005). However, results of these researches are not enough to conclude
longitudinal adaptation or deformation of articular cartilage due to physical
exercise. Also evidence of the effect of different exercise on articular cartilage

is still unclear.

Therefore, this study would explain the short term (deformational behavior) and
long term (functional adaptation) changes of articular cartilage of healthy non-

athlete men due to regular exercise. Another important role of this study would



be to determine which type of physical exercise could be better or not for knee
cartilage. If alterations in articular cartilage are evident in any type of exercise
after 12 weeks regular exercise, then further studies investigating the effect of
different quantity and quality of exercise could be worthwhile.

1.3 Research Questions

Does 12-weeks of high, medium and low impact exercises effect the (a)

deformational behavior (b) functional adaptation of human articular cartilage?

1.4 Purpose of the Study

The purpose of this study was to compare changes of biochemical markers of
cartilage degradation levels during a 30-min exercise after 12-weeks of regular

high, medium or non impact exercises.

1.5  Research Hypotheses

1. There will be no significant difference in deformational behavior of the

knee cartilage due to 12-week

High-impact (running) exercise

Medium-impact (cycling) exercise

Low-impact (swimming) exercise



2.

1.6

i

1.7

There will be no significant difference in functional adaptation of the

knee cartilage due to 12-week

High-impact (running) exercise

Medium-impact (cycling) exercise

Low-impact (swimming) exercise

Delimitations

Participants consisted of 18-25 years old male non-athletes.

Volume of the exercises was the same for all experimental groups.
Intensity of the exercises was the same for all experimental groups.
Participants who had sustained previous lower extremity injuries were
excluded from the study.

All measurements were performed using the same set-up throughout the

course of testing for all participants.

Limitations

Participants of this study were not selected randomly.

Participants were limited to those students taking General Physical
Conditioning course as an elective course

Participant group was composed of only male subjects.

Morphological changes of articular cartilage were not observed.

Cycling and running exercises were performed on stationary ergometer
and treadmill.

Daily activities of the participants were not controlled.

Interaction between groups was not controlled



1.8  Assumptions

1. The participants participated the tests at fully recovered state

2. The participants gave their best effort during performance tests

3. The participants of experimental groups did not participate in any extra
physical exercises during intervention period

4. The participants of control group did not participate any physical

exercise during intervention period

1.9  Definition and Abbreviation of Terms

The following are definitions of terms that were operationally defined

throughout this study.

Maximal oxygen consumption (VO;max): The maximum amount of

oxygen that can be consumed per minute during maximal exercise; also

known as aerobic power and maximal oxygen consumption rate.

Peak Torque (PT): The maximum torque that can be obtained from a

maximum muscle contraction.

Body Mass Index (BMI): A controversial statistical measurement which

compares a person's weight and height.

Maximum Heart Rate (HRmax): The highest number of times a human

heart can contract in one minute.

Heart Rate Reserve (HRR): The difference between a person's measured

or predicted maximum heart rate and resting heart rate



Rating of Perceived Exertion (RPE): A methods for determining

exercise intensity levels. Perceived exertion is how hard one feel his

body is working.

Western Ontario and McMaster Universities (WOMAC): A set of

standardized questionnaires used to evaluate the condition of

osteoarthritis patients.

Kellgren and Lawrence K-L. Grade: An x-ray grading system for

osteoarthritis that varies from 1 (mild) to severe (grade 4)

American College of Sports Medicine (ACSM): The largest sports

medicine and exercise science organization in the world

Enzyme-linked immunosorbent assay (ELISA): A biochemical

technique used mainly in immunology to detect the presence of an

antibody or an antigen in a sample.

Joint Space Narrowing (JSN): Under pathologic conditions, occurrence

of abnormal gap between components of a joint.

Osteoarthritis (OA): A group of diseases and mechanical abnormalities

entailing degradation of joints, including articular cartilage and the

subchondral bone next to it.

Rheumatoid Arthritis (RA): A chronic, systemic inflammatory disorder

that may affect many tissues and organs, but principally attacks the
joints producing an inflammatory synovitis that often progresses to

destruction of the articular cartilage and ankylosis of the joints.



CHAPTER 2

LITERATURE REVIEW

The purpose of this study was to evaluate the cartilage and bone degradation
biomarker changes during a 30-min exercise due to 12-weeks of regular high,
medium or non impact exercises. In order to be aware of the responses of
articular cartilage to physical exercises, it is essential to review related literature
about the cartilage and sport.

This chapter gives basic information about the cartilage and related researches
which are fundamental studies constituted background of this study. In this part,
literature about (1) Structure of Knee Joint and Articular Cartilage, (2)
Evaluation of Knee Joint and Articular Cartilage, (3) Loading on Articular
Cartilage and Knee Joint, (4) Sports and Body, (5) Sports and Articular

Cartilage, will be mentioned.

2.1 Structure of Knee Joint and Articular Cartilage

Cartilage is one of the rigid connective tissues. It supports parts, provides
frameworks and attachments, protects underlying tissues, and forms structural
models for many developing bones (Hole, 1989, p. 99). According to Hall,
(2005, p. 5) cartilage is deposited by cartilage-forming cells (chondroblasts,
chondrocytes) and removed by mono- and multinucleated chondroclasts.
Cartilage cells are separated from one another by pericellular and extracellular
matrices. Unlike bone cells, chondrocytes lack connecting cell processes. Hall

also explained that most chondrocytes continue to divide throughout life,
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although in some cartilages (mammalian articular cartilages, for example), the
number of dividing cells may be less than one percent of the chondrocytes

population.

The hydrated ECM of vertebrate cartilage is primarily composed of
glycosaminoglycans, notably chondroitin sulphates and proteoglycans. The
major collagen is type II, composed of three all chains, depicted as al(I)all.
Some types of vertebrate cartilages contain additional collagens; for example,
type I in articular, fibro and secondary cartilages, and type X in hypertrophic
cartilage (Hall, 2005, p. 5).

In their review, Lu & Mow (2008) explained that articular cartilage is a layer of
low-friction, load bearing soft tissue that overlies the articulating bony ends in
diarthrodial joints. It provides the joint with essential biomechanical functions,
such as wear resistance, load bearing, and shock absorption for eight decades or
more. However, articular cartilage is an avascular, supporting and articular
skeletal tissue, primarily consists of extracellular matrix with a sparse

population of cells and it lacks blood vessels, lymphatic vessels and nerves.

Knee joint is the largest joint in the body and it carries the body weight. There
are four bones (tibia, fibula, femur and patella) and four ligaments: Medial
Collateral Ligament (MCL), Lateral Collateral Ligament (LCL), Anterior
Cruciate Ligament (ACL), Posterior Cruciate Ligament (PCL) in a knee joint.
Each knee joint has also two crescent-shaped menisci. Also, quadriceps and the
hamstrings are two main muscle groups of the knee. By contraction of these
muscle groups, the main movements of the knee joint occur between the femur,
patella and tibia. Each of these moved bones are covered by articular cartilage
which is an extremely hard, smooth substance designed to decrease the

frictional forces as movement occurs between the bones (Figure 1).
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Figure 1. Structure of Human Knee Cartilage

2.2 Evaluation of Knee Joint and Articular Cartilage

Although the knee joint may look like a simple joint, it is one of the most
complexes in all joints. In this complex region, articular cartilage is another
complex structure to evaluate. However, a good assessment of the knee joint is
important for prevention and rehabilitation of the health. In literature there have
been several methods used to assess knee structure and the changes of articular
cartilage. New technologies, such as advanced imaging techniques, arthroscopic
examinations of joint, biochemical markers of degeneration process, are being
used in clinical studies (Kuettner & Goldberg, 1994, p. 481). Also, in literature
there are some other methods used to evaluate cartilage of knee like ultrasound
or vibration, gait analysis but these latter techniques are not common. Most
generally, all these methods have been used to evaluate the structure of
cartilage or arthritis which is a disease process that involves uncoupling of the
normal balance of degradation and repair in the articular cartilage and

subchondral bone (Kuettner & Goldberg, 1994, p. 481).
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A very recent but seldom method used in knee cartilage evaluation is vibration
method. In a pilot study, Salari and collaborates (2008) used vibration
arthrography to evaluate the degree of osteoarthritis in patients. Researchers
claimed that vibration arthrography can quantify and visualize the mechanical
properties of the knee joint through functional vibration analysis. Result of their
study showed that some of the physiological and mechanical properties of the
knee cause by abnormalities inside the knee joint are reflected in the vibration

signals of the knee.

Another rarely used but old method is ultrasonography. In 1984 Aisen and
collaborates assessed real-time ultrasound as a means of evaluating
osteoarthritis of the knee. After establishing the validity of the method in an
excised bovine knee, 7 asymptomatic individuals, 10 arthritic patients and
several patients with other conditions were examined by researchers. At the end
of the study Aisen and collaborates claimed that sonography can be used to
measure the thickness of the articular cartilage in men, as well as to detect
changes on its surface and internal characteristics and early changes of arthritis
may be revealed in this manner. Backhaus et al., (1999) compared
ultrasonography with some other methods in diagnosis of the arthritis at the
finger joints. 32 patients without radiologic signs of destructive arthritis of the
evaluated hand and wrist, and 28 patients with radiographs revealing erosions
of the evaluated hand and/or wrist were examined in this study. Their data
indicated that MRI and ultrasound are valuable diagnostic methods in patients
with arthritis who have normal findings on radiologic evaluation. In a recent
study Ito and his collaborates (2007), examined the influence of the leg muscle
weakness and body mass index on ultrasonography of the knee joint cartilage in
middle-aged women. In this study also, researchers mentioned that early

screening of the joint cartilage for maintenance and promotion of the health is
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very important and ultrasound still is a good method for early screening of

cartilage deformation.

Kinetic and kinematic characteristics of gait in knee arthritis are another
popular research topic. Knee arthritis is a prevalent knee joint degenerative
pathology. It is mainly responsible for pain, which occurs when biomechanical
constraints are exerted on the knee. Therefore, Viton et al., (1998) analyzed gait
patterns of knee arthritis patients. They expected to observe, in unilateral knee
arthritis patients, asymmetrical results in the timing of the gait initiation process
and in the associated ground reaction forces. Their experimental group was
composed of 12 patients with unilateral symptomatic knee arthritis and they
excluded patients with pathology that could influence stance and gait. And 12
healthy matched hikers participated in this study as control group. Result of the
study demonstrated that the timing of the movement patterns were different in
two populations. The initial postural phase was longer when the supporting
limb was the affected one than when the sound limb was supporting and than in
control subjects. And total movement duration was longer for knee arthritis
patients than for control subjects. Researchers concluded that knee arthritis
patients develop new posturo motor strategies. Subsequent years, some other
researchers investigated the relationship between knee cartilage problems and
gait characteristics. However, these researches could not clarify the

degenerative condition of articular cartilage.

Bliunas et al.,, (2002) tested the hypothesis that the peak external knee
adduction moment during gait is increased in a group of ambulatory subjects
with knee osteoarthritis. Thirty-one participants with radiographic evidence of
knee osteoarthritis and medial compartment cartilage damage and thirty-one

normal participants (asymptomatic control subjects) with a comparable age,
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weight and height distribution were tested. In this study, significant differences
in the sagittal plane knee motion and peak external moments between the
normal and knee osteoarthritis groups were identified using t-tests. Results
showed that osteoarthritis group walked with a greater than normal peak
external knee adduction moment (P=0.003). The finding of a significantly
greater than normal external knee adduction moment in the knee osteoarthritis
group lends support to the hypothesis that an increased knee adduction moment
during gait is associated with knee osteoarthritis. Same year, Gok, Ergin &
Yavuzer (2002) compared the mechanics of gait in 13 patients with early
medial arthrosis of the knee and 13 normal controls, by measuring gait events,
kinematic and kinetic parameters. Gok and his collaborate also found some
differences between the osteoarthritis patients and healthy counterparts during
gait analyses. Their findings indicated that computerized gait analysis can be
used to reveal various mechanical abnormalities accompanying arthrosis of the
knee joint even at early stages. Some of these abnormalities may have etiologic
implications, but others may represent secondary changes developed in part as a

compensatory mechanism in knee osteoarthritis.

Mundermann, Dyrby, Hurwitz, Sharma & Andriacchi (2004) investigated to
potential strategies to reduce medial compartment loading in patients with knee
osteoarthritis of varying severity. Their objective was to determine whether
reducing walking speed is a strategy used by patients with knee osteoarthritis of
varying disease severity to reduce the maximum knee adduction moment. Their
findings demonstrated that patients with less-severe OA adapt a walking style
that differs from that of patients with more-severe OA and controls. In their
study Gok et al., (2002) claimed that gait analysis can be used to reveal knee
osteoarthritis even early stages. In addition to this, Mundermann and

collaborates observed that gait analysis is a useful method for discriminate the
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level of severity of knee osteoarthritis. At the another study, Mundermann,
Dyrby & Andriacchi (2005) tested the hypothesis that gait changes related to
knee osteoarthritis of varied severity are associated with increased loads at the
ankle, knee, and hip. Also in this study Mundermann et al. observed different
gait characteristics between osteoarthritis patients and control subjects.
However, reducing the load at the knee was successful strategy in only patients
with less severe knee osteoarthritis. Therefore, Mundermann and her
collaborates again demonstrated that gait analyses is an acceptable method for

detection and differentiation of knee osteoarthritis.

Radiographic evaluation of knee joint is relatively more common method.
Direct measurement of cartilage thickness by radiography is not possible,
fundamental principle during radiographic measurement is measuring joint
space narrowing. Medial tibia-femoral compartment of the knee and
anteroposterior weight bearing view of both knees were the most studied and
accepted methods in radiographic assessments of joint space narrowing
(Kuettner & Goldberg, 1994, p. 485). During 1990s radiographic evaluation of
knee joint status or osteoarthritis of the knee joint is believed to be the most
common manifestation of pathology in this joint and different grading systems
have been used, for example the Kellgren & Lawrence system and the Ahlback
classification (Petersson, Boegard, Saxne, Silman & Svensson, 1997). Petersson
and coworkers used radiographic measurements and used these two different
radiographic grading systems to determine the prevalence of tibiofemoral
radiographic knee osteoarthritis (OA) in people aged 35-54 years associated
with chronic knee pain. The prevalence of radiographic tibiofemoral OA
combined with chronic knee pain in people aged 3554 years was around 1% as
estimated by either the Kellgren & Lawrence or the Ahlback classifications

systems. This association between grading systems in radiographic

16



measurements in this relatively young age groups demonstrated the accuracy of

the methods.

During radiographic evaluation of the knee, the progression of the osteoarthritis
can be monitored by measuring the minimum joint space width between the
edges of the femoral condyle and the tibial plateau. However, Duryea, Peterfy,
Gordon & Genant (2000) claimed that this method needs a trained physician
using a graduated magnifying lens and is prone to the subjectivity and variation
associated with observer’s measurements. Therefore, Duryea and his
collaborates developed a software that performs this measurement
automatically on digitalized radiographs. The reproducibility of software
measurements was representing an improvement of approximately a factor of 2
over manual measurement. The algorithm also showed excellent agreement
with the hand-drawn contours and with minimum joint space width determined
by the manual method. This software have been used subsequent years by
different researchers (Duryea, Zaim & Genand 2003; Lindsey et al., 2004) but
positioning of knee is still a reproducibility limitation of the method. In addition
to these, Backhaus et al., (1999) reported that cartilage destruction in some
arthritis patients is detected by MRI but not by radiological assessment. Also,
Kuettner & Goldberg (1995, p. 10) explained that the majority of epidemiologic
and clinical studies of the arthritis over 40 years have used plain radiographs to
detect different features. The atlas-based Kellgren and Lawrence criteria, which
differentiate four grades of disease, have been the “gold standart” until recently.
However, Kuettner & Goldberg summarized three major problems of
radiographic diagnostic criteria: 1. they lack sensitivity; joint damage needs to
be extensive before changes are seen on the plain radiographs. 2. The emphasis
is on bone changes; bony abnormalities are easier to see and grade than the

changes in the joint space that constitutes the only way cartilage disease can be
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detected. 3. Radiographic scoring is subjective and has poor reproducibility.
Also, Raynauld et al., (2004) evaluated the changes in volume of osteoarthritic
knee cartilage over a two-year period with the use of MRI and correlated the
MRI changes with radiologic changes. In their study, no statistical correlation
between loss of cartilage volume and radiographic changes was seen.
Therefore, researchers indicated that radiological changes are not sensible

enough to identify patients with rapidly progressing disease.

Magnetic Resonance Imaging (MRI) is a relatively new technology but today it
1s widely considered as a sensitive and reliable diagnostic method to study the
morphological changes of joint cartilage. According to Potter, Linklater, Allen,
Hannafin & Haas (1998) MRI has a sensitivity of 87 %, a specificity of 94 %,
an accuracy of 92 %, a positive predictive value of 85 % and a negative
predictive value of 95 % for the detection of a chondral lesion. Interobserver
variability was minimum. Researchers reported that with use of this method, it
is possible to asses all articular surfaces of the knee accurately. Also Eckstein et
al., (1996) analyzed the accuracy and precision with which the quantitative
distribution of articular cartilage can be determined in the knee joint using MRL
They found the reproducibility of intraobserver and interobserver very high in
both the specimens and the volunteers. In 1998, Eckstein and collaborates
investigated the in vivo reproducibility of volume and thickness measurements
from replicated data sets, applying three-dimensional (3D) post-processing
methods. Because, previous studies suggested that MR imaging is capable of
providing accurate data on knee joint cartilage volume and thickness in vitro,
but the reproducibility of these data in living subjects had not been analyzed
rigorously. Eckstein and coworkers concluded that MR imaging can be used to
determine cartilage volume and thickness in the knee joints of living subjects

with high precision, provided that a fat-suppressed gradient-echo sequence with
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adequate resolution and 3D digital image processing are used. After the
evaluation of accuracy of MRI for cartilage thickness measurements, Cohen et
al., (1999) assessed the 3D accuracy of MRI for measuring articular surface
topographies and cartilage thicknesses of knee joints, by comparison with the
calibrated stereo-photogrammetric (SPG) method. In this study, for each bone
of the knee, accuracies were most favorable in the patella, followed by the
femur and then the tibia. Their results demonstrated that clinical MRI can
provide accurate measurements of cartilage topography, thickness, contact

areas and surface curvatures of the knee.

Subsequent years, Faber et al., (2001) compared the cartilage thickness,
volume, and articular surface areas of the knee joint of young healthy, non-
athletic female and male individuals with MRI method. In this study, women
displayed smaller cartilage volumes than men. Differences in cartilage volume
are primarily due to differences in joint surface areas (epiphyseal bone size),
not to differences in cartilage thickness. Their finding demonstrated significant
gender differences in cartilage volume and surface area of men and women,
which need to be taken into account when retrospectively estimating articular

cartilage loss in patients with symptoms of degenerative joint disease.

Magnetic Resonance Imaging was also used to follow progressive cartilage loss
in knee at longitudinal researches. In a longitudinal MRI study Biswal et al.,
(2002) evaluated the risk factors for progressive cartilage loss in the knee in
forty-three patients. Result of this study showed that the presence of meniscal
and ACL tears was associated with more rapid cartilage loss. Also, researchers
reported that MRI can detect interval cartilage loss in patients over a short

period.
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Hohe, Ateshian, Reiser, Englmeier & Eckstein, (2002) worked on the
development of an MR-based technique for quantitative analysis of joint
surface size, surface curvature, and joint incongruity and for assessing its
reproducibility under in vivo imaging conditions. By this study, Hohe and
collaborates 1. implemented a technique for quantitative determination of the
size, curvature, and incongruity of articular surfaces from MRI; 2. determined
the interscan reproducibility of these parameters in the human knee under in
vivo imaging conditions; and 3. assessed differences in these parameters
between different compartments of the human knee as well as between different
individuals. Researchers claimed that MRI will permit identification of the
specific role of surface size, curvature, and incongruity as potential risk factors

for osteoarthritis.

Hunter, March & Sambrook (2003) examined the association between knee
pain and MRI cartilage volume. In this cross-sectional study, researchers
assessed the association between knee symptoms and MRI cartilage volume in
an unselected, community based population. The participants were 133
postmenopausal females. Femoral, tibial and patella cartilage volumes were
measured using 3D Slicer. In this study qualitative data relating to symptoms,
stiffness, pain, physical dysynovial fluid unction and the quality of life using
the WOMAC were recorded. Results showed that more knee pain was
associated with only severity of patella cartilage reduction. Other MRI cartilage
volume features were not strongly associated with WOMAC sub-scores.
Following years different researchers analyzed the correlation of knee cartilage
volume measured by MRI with several parameters. Nishimura et al., (2005)
evaluated the correlation of some physical characteristics and the articular
cartilage volumes of the patella and femur in the human knee joints of healthy

adults using MRI. They found that cartilage volume was significantly larger in
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men than in women. However, the volume positively correlated with body
weight, height, leg length, and foot size, without distinction of gender or age.
According to the correlation results, researchers developed a multiple
regression analysis and they concluded that the cartilage volume depends on
physical size regardless of gender, and it can be estimated from factors of

physical size.

In a review article, Eckstein & Glaser (2004) reviewed works on the assessment
of cartilage morphology with quantitative MRI and its relevance to the study of
cartilage anatomy, physiology, deformation, disease status, disease progression,
and the response to treatment. In this review researchers summarized that
quantitative MRI has been shown to provide technically valid and highly
precise information on cartilage morphology, particularly at the knee. Therefore
Eckstein & Glaser recommended that MRI techniques are powerful and
promising tools for cartilage and osteoarthritis research. In another review,
Lang, Noorbakhsh & Yoshioka (2005) explained the current state and recent
developments of MRI at articular cartilage evaluations. In this review,
researchers explained that conventional radiology is widely used in evaluating
the long term progression of osteoarthritis by measuring joint space narrowing.
However, researchers claimed that conventional radiography is limited by its
inability to visualize articular cartilage also during radiographic measurements;
highly standardized positioning procedures and even fluoroscopic control of the
exact position of the joint are required to obtain reproducible data on joint space
narrowing. In their review Lang and his collaborate concluded that MRI offers
the distinct advantage of visualizing the articular cartilage directly. MRI can
detect signal and morphologic changes in the cartilage and has been used to
detect cartilage surface fraying, fissuring, and varying degrees of cartilage

thinning.
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Another method in the evaluation of the articular cartilage is to use biochemical
markers. Biochemical markers in evaluation of cartilage injury and repair are
more recent method. Taskiran (2007) explained that articular cartilage is a
highly specialized tissue composed of chondrocytes which regulate the
metabolism of extracellular matrix molecules responsible for maintaining

cartilage function. According to Taskiran, she said:

Chondrocytes and synoviocytes are metabolically highly active cells and
respond to various factors such as hormones, cytokines, growth factors,
and mechanical stresses. Under normal physiological conditions,
degradation and synthesis of extracellular matrix molecules are
maintained in a state of balance. Any disruption of this balance results in
degenerative cartilage diseases such as osteoarthritis and rheumatoid
arthritis. Currently, diagnoses of both diseases are based on the
assessment of a combination of clinical symptoms and radiological
findings. However, degenerative changes in the articular cartilage occur
long before radiological changes are observed. Therefore, new
laboratory tools are required to detect cartilage degradation in the early
phase of the disease, to show the progression of cartilage destruction,
and to assess response to treatment. In recent years, there has been an
increase in the use of some biochemical markers derived from bone and
cartilage for the diagnosis and follow-up of cartilage diseases (Taskiran,
2007).

Also, Kuettner & Goldberg (1995. P. 445) stated that abnormal metabolic
processes begin in the joint cartilage several years before destruction of the
articular surface can be detected radiologically. Also, a noninvasive test for
assessing disease progression, examining responses to treatment and evaluating
long-term prognosis is essential. Although imaging techniques, such as
ultrasonography and MRI, hold promise, the necessary equipments are very
costly and not accessible to all (Kuettner & Goldberg, 1995, p. 445). In their
book, Kuettner & Goldberg indicated that an exciting new approach consists of
measuring cartilage-derived molecules in joint fluid, blood, and urine and then
attempting to correlate the levels of these “markers” with metabolic changes

taking place in articular cartilage evaluation long before clinical signs of
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osteoarthritis appear. Williams & Spector (2008) also stated that the favored
methods of osteoarthritis assessment are imaging based, with plain radiographs
widely used and magnetic resonance imaging (MRI), which remains relatively
expensive, used much less. Plain films, however, relate poorly to patient

symptoms, and abnormalities occur relatively late in disease.

In a review article Garnero, Rousseau & Delmas (2000) mentioned that the
major clinical manifestations of rheumatoid arthritis and osteoarthritis are
abnormal and degraded cartilage, synovial, and bone tissues, resulting in severe
mobility impairment. Garnero and colleagues explained that specific and
sensitive biochemical markers reflecting abnormalities of cartilage, synovium,

and bone tissues may be useful for the investigation and monitoring of arthritis.

One of the most-used biochemical markers of the cartilage degradation is
Cartilage Oligomeric Matrix Protein (COMP) (Garnero, Rousseau & Delmas,
2000). The COMP is a noncollagenous protein, a glycoprotein, the function of
which is to bind to type II collagen fibres and stabilize the collagen fibre
network in the articular cartilage (Wislowska & Jablonska, 2005). COMP was
first described in 1992 by Hedbom and his collaborates, University of Lund,
Sweden. In their study, Hedbom et al., (1992) explained COMP as a specific
biochemical marker of bovine fetlock joint articular cartilage. In their study,
COMP was found in all cartilages analyzed, but could not be detected in other
tissues by enzyme-linked immunosorbent assay of guanidine HCI extracts.
Within a given cartilage, COMP shows a preferential localization to the
territorial matrix surrounding the chondrocytes. At the end of the same year and
from same institution, Forslind K, Eberhardt K, Jonsson A, Saxne T (1992)
published an article. In this study, two cartilage specific macromolecules,

COMP and proteoglycan were quantified by immunoassay in sera of two
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groups of patients with rheumatoid arthritis of recent onset to evaluate the
prognostic value of such measurements. Patients with rapidly progressive joint
destruction had increased COMP concentrations initially, which subsequently
decreased. A group with more benign disease, and less extensive joint damage,
had normal COMP levels throughout the study period. Serum concentrations of
proteoglycan were normal in both groups. Therefore measurement of COMP in
serum early in the course of Rheumatoid Arthritis holds promise as a prognostic

marker for development of joint destruction in this disease.

Neidhart et al., (1997) determined the tissue distribution of cartilage oligomeric
matrix protein in man and evaluated COMP in synovial fluid and serum. COMP
was purified from human articular cartilage. Polyclonal antibodies were used to
detect COMP in tissue cryosections and protein extracts. COMP was
determined quantitatively and qualitatively in synovial fluid and serum by
competitive enzyme-linked immunosorbent assay and immunoblotting. Knee
joint synovial fluid was taken from nine cadaveric and six living controls, 52
patients with osteoarthritis, 85 patients with rheumatoid arthritis and 60 patients
with other forms of inflammatory arthritis. According to their results, the
absolute levels of COMP in synovial fluid and serum, and its fragmentation
pattern in synovial fluid, seem to be promising as markers of joint tissue
metabolism. Synovial fluid and serum level of COMP was also assessed by
Kiihne et al., (1998). Main objective of their study was to assess whether
changes of COMP serum levels can predict the development of osteoarthritis
following traumatic knee injury. They acquired sera and synovial fluids at
surgery and postoperatively during the first and second year from 30 knee-
injured patients. COMP levels and anti-COMP autoantibodies were quantified
by ELISA. In their study, results indicated that COMP levels in serum and

synovial fluid correlated significantly.
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In a cross sectional study Garnero et al.,(2001) evaluated biochemical markers
of bone, cartilage, and synovial tissue metabolism in patients with knee
osteoarthritis. They correlated these markers with disease activity and joint
damage. Researchers analyzed the relations between the urinary levels of type
IT collagen C-telopeptide (CTX-II) and glucosyl-galactosyl pyridinoline (Glc-
Gal-PYD)-two biochemical markers of type II collagen and synovial tissue
destruction respectively. In this study, researchers also evaluated serum COMP
concentration as a biochemical marker of cartilage degeneration. Garnero and
coworkers confirmed that level of serum COMP concentration is higher in
patients with knee osteoarthritis than in age matched controls, indicating

increased cartilage and synovial tissue turnover.

Larsson et al., (2002) investigated if changes in serum-plasma fibrinogen,
hyaluronan and cartilage oligomeric matrix protein levels can be used to
differentiate between inflammation and cartilage involvement during arthritis.
Fibrinogen was a general inflammation marker, hyaluronan appeared to be a
marker for synovitis, and changes in COMP levels appeared to reflect the

cartilage destruction process according to the results of this study.

Effect of ethnicity and sex differences on the concentration of potential
biochemical markers of osteoarthritis was not described before the Jordan and
collaborates’ study (2003). In their population-based study of osteoarthritis,
they examined associations between serum levels of cartilage oligomeric matrix
protein and ethnicity (African American or Caucasian) and sex. They found that
in adjusted models, COMP was higher in African American women than in
Caucasian women (P = 0.003) and higher in Caucasian men than Caucasian
women (P = 0.0001). There were no statistically significant differences in

serum COMP levels between African American men and women. These results
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show that serum COMP levels vary by ethnicity and sex and differences should
be considered in the derivation of standards using this, and possibly other,
potential biomarkers of osteoarthritis. Also the heritable determinants of
cartilage oligomeric matrix protein were evaluated in literature (Williams et al.,
2006). In their research design, a classic twin study was conducted. COMP
levels in serum were obtained from healthy female twin volunteers to determine
whether genetic factors influence it. The heritability of COMP was determined
by comparing correlation among 160 monozygotic and 349 dizygotic twin pairs
in this study. Serum levels of COMP showed a correlation of 0.72 among
monozygotic twin pairs and 0.47 in dizygotic pairs. Their findings showed that
heritable factors influence serum levels of the cartilage matrix biomarker

COMP.

Some researchers tried to decrease high serum COMP concentration, which
increased during arthritis, by different treatment applications. Crnkic et al.,
(2003) evaluated changes in serum COMP concentration during a 6-month
period from initiation of treatment of rheumatoid arthritis patients with two
different compound, infliximab or etanercept. According to their results, serum
COMP concentration decreased at third month in both groups of treated patients
and remained low until sixth months. In these patient groups, the pattern of
changes of serum COMP supports the interpretation that infliximab and
etanercept have a joint protective effect. By this study, serum COMP was
shown to have potential as a useful marker for evaluating tissue effects of novel
treatment modalities in rheumatoid arthritis. Wislowska & Jablonska (2005)
compared the serum COMP concentration levels of osteoarthritis and
rheumatoid arthritis patients and no statistical differences were found. This
study demonstrated that serum COMP level is a useful marker of both

osteoarthritis and rheumatoid arthritis.
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Vilim et al.,, (2002) correlated serum level of COMP with radiographic
progression of knee osteoarthritis. Serum COMP levels were measured at
baseline and at the end of the study, and levels were correlated with changes in
joint space width, Kellgren-Lawrence grade, and WOMAC indices, over 3
years. Correlation results indicated that serum COMP has the potential to be a
prognostic marker of disease progression. In another longitudinal study, started
at the same period with Vilim and coworkers, nonlinear or phased progression
of knee osteoarthritis based on measurements of serum cartilage oligomeric
matrix protein levels was monitored for five years (Sharif, Kirwan, Elson,
Granell, & Clarke, 2004). Serum COMP levels were measured at study entry
and every 6 months thereafter in 115 patients with knee pain and osteoarthritis
of mainly the tibiofemoral joint. Cartilage loss was determined from knee
radiographs taken at entry and at 24, 36, and 60 months. Most important finding
of logistic regression analysis in this study was on average, a 1-unit increase in
serum COMP levels increased the probability of radiographic progression by
15%. Researchers suggested that serum COMP is related to progressive joint
damage in knee osteoarthritis and sequential measurements of serum COMP
levels may identify patients whose osteoarthritis is likely to progress over the

next year or two.

While some researchers were investigating the effectiveness of COMP as a
marker of progressive joint damage, some other research groups started to
evaluate the changes of COMP concentration by the effect of mechanic loads.
Physical forces are known to influence the synthesis, assembly and degradation
of the cartilage extracellular matrix (Giannoni, Siegrist, Hunziker & Wong,
2003). For example marathon runners have an increased risk of developing
joint disease, and erosive joint lesions can frequently be observed. Therefore,

increased serum level of cartilage oligomeric matrix protein in marathon
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runners was investigated by Neidhart et al., (2000). They compared the serum
levels of COMP between marathon runners, non-running healthy participants
and patients with various joint diseases, and they examined whether it can be
used as a marker for joint metabolism in sport medicine. In this study Neidhart
and colleagues collected serum samples from eight endurance-trained runners
shortly before the start of a marathon run, after 31 km, 42 km, 2 h after the end,
on the first and on the second morning after the run. For comparison, serum
was obtained from 35 healthy controls and 80 patients with knee joint injury,
rheumatoid arthritis or osteoarthritis. Their results revealed that, the runner's
baseline serum level of COMP was significantly increased when compared with
healthy controls. The elevated levels of COMP were similar to those found in
joint injury or osteoarthritis. During the run, the serum level of COMP rose
significantly and gradually returned to baseline within 24 h. Neidhart concluded
that elevated baseline level of COMP might reflect increased joint matrix
turnover and/or damage due to prior extreme physical training. During the run,
COMP was increasing possibly due to the severe physical strain on joint
structures, associated with the early inflammation. Therefore researchers
suggested that COMP is a marker for distinct aspects of joint metabolism

and/or damage in both disease and sport.

In 2005 Kersting, Stubendorff, Schmidt & Briiggemann, investigated the
relationship between running induced joint loading at the knee, changes in
cartilage volume and serum COMP concentration. During this study, blood
samples and MRI scans were taken before and following a 1h training run in
order to determine knee cartilage volume and serum COMP concentration.
Individual knee joint loading parameters were calculated from positional data
and ground reaction forces, also electromyography was employed to quantify

activity of main muscle groups crossing the knee joint. Analysis showed that
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changes in cartilage volume and COMP showed significant correlations. Also,
multiple regression revealed that resting COMP, COMP change after exercise
and the time of co-activation of flexor and extensor muscles explain the
variance of cartilage volume changes. By means of results Kersting and
collaborates concluded that muscular co-activation was the main mechanical
parameter related to cartilage changes. Same year, Miindermann, Dyrby,
Andriacchi & King (2005) tested the hypothesis that physiological cyclic
loading during a 30-min walking exercise causes an increase in serum COMP
concentration in a healthy population. Blood samples were drawn from 10
physically active adults immediately before and after, and 0.5h, 1.5h, 3.5h and
5.5h after a 30-min walking exercise on a level outdoor walking track at self-
selected normal speed. A significant increase (9.7%; P=0.003) occurred
immediately after the walking exercise. Also second increase in serum COMP
concentration (7.0%; P=0.024) occurred 5.5h after the walking exercise. Results
of this study showed us that; even a moderate walking activity can significantly
influence serum COMP concentration. The immediate response points to a
diffusion time of COMP fragments from cartilage to the blood of 30 min or

less.

By an experimental study Andersson et al., (2006) proved that COMP increase
temporarily after physical exercise in patients with knee osteoarthritis.
Researchers monitored serum levels of COMP during a randomized controlled
trial of physical exercise vs. standardized rest in individuals with symptomatic
and radiographic knee osteoarthritis. In this study blood samples were collected
from 58 individuals at predefined time points before and after exercise or rest,
one training group and one control group. The physical exercise consisted of a
one-hour supervised session twice a week and daily home exercises. In a

second supplementary study 7 individuals were subjected to the same exercise
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program and sampling of blood was performed at fixed intervals before,
immediately after, 30 and 60 minutes after the exercise session and then with
60 minutes interval for another five hours after the exercise to monitor the
short-term changes of serum COMP. Results showed that after 60 minutes
exercise serum COMP levels increased (p < 0.001) and after 60 minutes of rest
the serum levels decreased (p = 0.003). Median serum COMP values in samples
obtained prior to exercise or rest at baseline and after 24 weeks did not change
between start and end of the study. In the second study serum COMP increased
immediately after exercise (p = 0.018) and had decreased to baseline levels
after 30 minutes. Serum COMP levels increased during exercise in individuals
with knee osteoarthritis, whereas levels decreased during rest. The increased
serum COMP levels were normalized 30 minutes after exercise session,
therefore it is suggested that samples of blood for analysis of serum COMP
should be drawn after at least 30 minutes rest in a seated position. No increase
was seen after a six-week exercise program indicating that any effect of
individualized supervised exercise on cartilage turnover is transient. These
studies demonstrated that COMP is a sensitive biomarker of cartilage

degradation and increase temporarily after physical exercise.

There are some other biochemical markers of the cartilage degradation. C-
terminal telopeptides of type II collagen (CTX-II) as marker of cartilage
destruction and C-terminal telopeptides of type I collagen (CTX-I) as marker of
bone destruction may be other most common markers in osteoarthritis research.
CTX-II was first used in 2001 by Christgau and his collaborates. In this study,
researchers reported the development of an assay for measurement of the
urinary concentration of collagen type II C-telopeptide fragments. They
developed this assay for providing a specific marker of joint metabolism. And

Christgau and colleagues claimed that this assay showed high technical
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precision and an ability to differentiate populations with an elevated joint
metabolism from normal controls. This suggests that the assay may have
clinical value in assisting in the diagnosis of joint diseases and in monitoring
progression and therapy in rheumatoid arthritis and osteoarthritis. Today,
manufacturer of CTX-II Elisa kit explains the intended use of marker for in
vitro diagnostic use as an indication of degradation of cartilage and may be
used as an aid for 1. quantitative assessment of disease activity (structural
damage of articular cartilage) in patients with rheumatoid arthritis and
osteoarthritis, 2. prognosis of disease activity in patients with rheumatoid
arthritis and osteoarthritis, and 3. early assessment of long-term effect of

therapy in patients with rheumatoid arthritis.

Same year, Garnero et al, (2001) made a research about this newly developed
biochemical markers of type II collagen. In a part of this study, the relations
between the urinary levels of CTX-II, disease activity and the severity of joint
destruction in patients with knee osteoarthritis was analyzed. CTX-II was also
correlated with pain and physical function (WOMAC index). Results showed
that CTX-II was an important predictor of the WOMAC index and joint
damage. Therefore, researchers claimed that CTX-II may be useful marker of
disease severity in patients with knee osteoarthritis. In 2002, Garnero et al.,
mentioned the limitations of radiological evaluation of rheumatoid arthritis and
they sought to determine whether urinary C-terminal crosslinking telopeptide of
type I (CTX-I) and type II (CTX-II) collagen (markers of bone and cartilage
destruction, respectively) are associated with long-term radiologic progression
in patients with early rheumatoid arthritis. They investigated the relationship
between baseline levels of urinary CTX-I and CTX-II and the mean annual
progression of joint destruction over a median of 4 years. In this study high

baseline level of urinary CTX-I and CTX-II independently predict an increased
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risk of radiologic progression over 4 years in patients with early rheumatoid
arthritis. Garnero and his collaborates concluded that urinary CTX-I and CTX-
IT may be useful for identifying individual rheumatoid arthritis patients at high
risk of progression very early in the disease, before erosions can be detected
radiographically. Then Garnero et al., (2003) published an extended report
about the changes of urinary CTX-II level in patients with rapidly destructive
hip osteoarthritis. They compared type II collagen degradation using CTX-II in
patients with rapidly destructive and those with slowly progressive hip
osteoarthritis. In this study, patients with hip osteoarthritis had higher mean
urinary CTX-II levels than healthy age matched controls. Also researchers
indicated that increased urinary CTX-II correlated significantly with decreased
minimum joint space width assessed by radiograph of the hip. Researchers also
evaluated urinary free deoxypyridinoline, a marker of bone resorption in this
study but there was no significant difference between patients and controls in
measured parameters. Increased urinary CTX-II levels are associated with
rapidly destructive disease in this study. Therefore, results suggest that this
marker might be useful in identifying patients with hip osteoarthritis at high

risk for rapid progression of joint damage.

Forsblad d'Elia et al., (2004) evaluated the effects of hormone replacement
therapy on markers of bone and cartilage metabolism. Also they assessed
whether changes in these markers corresponded to alterations in bone mineral
density and radiographic joint destructions in postmenopausal women with
rheumatoid arthritis. CTX-I was one of the bone turnover markers in this study
and urinary CTX-II and serum COMP were use as cartilage turnover markers.
Treatment with hormone replacement therapy resulted in decrease in CTX-I (P
<0.001), COMP (P <0.01), and CTX-II (P < 0.05) at 2 years. Based on these

results, it was indicated that biochemical markers of bone and cartilage turnover
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may provide a useful tool for assessing novel treatment modalities in arthritis,
concerning both joint protection and prevention of osteoporosis. Subsequent
year, CTX-II was correlated with new cartilage degradation biochemical
marker as a high standard. Charni, Juillet, & Garnero (2005) worked on
developing a new biochemical marker reflecting the degradation of the helical
region of type II collagen and evaluated its clinical performance in patients with
osteoarthritis and rheumatoid arthritis. In this study, results demonstrated that
patients with increased levels of both urinary HELIX-II and CTX-II had the

highest risk of progression.

Ding et al., (2005) evaluated the associations between knee cartilage defects
and knee radiographic osteoarthritis, cartilage volume, bone size and type II
collagen breakdown in adults. In multivariate analysis, the severity and
prevalence of knee cartilage defects were significantly and independently
associated with tibiofemoral osteophytes and tibial bone area. Knee cartilage
defects were inconsistently associated with joint space narrowing after
adjustment for osteophytes but consistently associated with knee cartilage
volume. Lastly, knee cartilage defect severity was significantly associated with
urinary CTX-II. Ding and coworkers summarized that knee cartilage defects
may result in increased cartilage breakdown leading to decreased cartilage
volume and joint space narrowing suggesting an important role for knee
cartilage defects in early knee osteoarthritis. Also, Raissouni, Gossec, Ayral, &
Dougados, (2005) stated that treatment for rheumatoid arthritis should be
initiated early, if possible within the first six months after symptom onset, and
should be selected according to the potential for disease progression. Early
initiation of combination drug therapy may improve quality of life and long-
term  outcomes. Therefore, investigators reviewed the literature

comprehensively to identify factors predicting chronic arthritis and joint
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destruction. In this review Raissouni and collaborates concluded that high
levels of CTX-I and CTX-II strongly predict the development of joint erosion
before the occurrence of radiographical joint damage. However, a threat was
indicated by Garnero, Sornay-Rendu, Arlot, Christiansen, & Delmas, (2004)
when analyzing levels of CTX-II in studies of knee, hip, and hand
osteoarthritis. In a group of postmenopausal women, disc space narrowing and
osteophytes were scored. Femorotibial knee osteoarthritis was assessed by
radiographs. For all women, hand osteoarthritis was assessed by clinical
examination. Also, level of urinary CTX-II was measured. Results revealed that
patients with lumbar spine disc space narrowing, knee osteoarthritis and clinical
hand osteoarthritis had CTX-II levels 80% higher than those of patients with no
lumbar spine disc space narrowing, no radiologic knee osteoarthritis, and no
clinical hand osteoarthritis. Postmenopausal women with lumbar spine disc
degeneration were characterized by increased CII degradation. By this study,
researchers exhibited that Lumbar spine disc degeneration in elderly patients
should be assessed when analyzing levels of CTX-II in studies of knee, hip, and

hand osteoarthritis.

In a very recent study, correlation of CTX-I and CTX-II with radiological
changes at baseline and after 2 years follow-up in patients with ankylosing
spondylitis was evaluated (Vosse et al., 2008). Ankylosing spondylitis is a
chronic inflammatory disease mainly affecting the axial skeleton and is
characterized by ossification of the spinal joints and ligaments. In this study,
eighty-three patients with ankylosing spondylitis were assessed for urinary
CTX-I and CTX-II. Results of both biochemical markers were compared with
baseline scores for radiological damage, and with scores for radiological
progression after 2 years follow-up. Analysis showed that baseline radiological

damage correlated with CTX-II, but not with CTX-I. In multivariate analyses,
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CTX-II significantly and independently contributed to explaining variation in
radiological damage and progression. It was concluded that -cartilage
degradation, and therefore, CTX-II increase plays a role in explaining

radiological-damage and -progression in the spine.

In spite of developing new biochemical markers, COMP is still unique in all
biochemical markers of cartilage degradation or osteoarthritis. In an editorial
article in Arthritis Research & Therapy journal, Williams and Spector (2008)
explained that biomarkers aid the study of osteoarthritis in a number of
different ways and COMP is foremost among hitherto investigated biomarkers
and is most consistently shown to predict knee osteoarthritis progression.
Similar finding were stated by Hunter and collaborates (2007). In their
longitudinal observation study Hunter et al., reported that among subjects with
symptomatic knee osteoarthritis, a single measurement of increased COMP
predicted subsequent cartilage loss on MRI. In addition to this, with the
exception of COMP, none of the other biomarkers was a statistically significant

predictor of cartilage loss.

2.3 Loading on Articular Cartilage and Knee Joint

In daily life, cyclic loading is the most common mode of loading in human
lower limb joints. These joints are subjected to 1 to 4 million load cycles per
year on average during walking activity (Seedhom and Wallbridge, 1985). In
addition to walking activity, in daily life some other activities are loaded on
knee joint. Mundermann, Dyrby, D'Lima, Colwell, & Andriacchi, (2008)
examined the relationship between activity, peak load, medial to lateral load
distribution, and flexion angle at peak load for activities of daily living. They
measured knee joint force simultaneously with motion capture during walking,

chair sit to stand and stand to sit, stair ascending and descending, squatting
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from a standing position, and golf swings. For all activities, total compressive
load on knee joint exceeded 2 times body weight, and for most activities 2.5
times body weight. This amount of physiological cyclic load causes a
deformational behavior of articular cartilage. In a normal joint, there is a
balance between the production of new collagen and proteoglycans, and the
breakdown of aging molecules. However, mechanical and biochemical
responses of articular cartilage for disuse and overuse have been interesting

subjects for researchers.

The potential for loss of bone mineral mass due to space flight was recognized
by space scientists even before man's first venture into micro-gravity (LeBlanc,
Spector, Evans, & Sibonga, 2007). However, knowledge about the effect of
microgravity or unloading on articular cartilage was limited up to recent years.
Vanwanseele, Lucchinetti, & Stussi (2002) reviewed current data and concepts
concerning the effect of immobilization on articular cartilage in animal models.
They also evaluated the methods to measure articular cartilage changes in
human. In this study, effects of immobilization on morphological, biochemical,
and biomechanical characteristics of articular cartilage were reviewed. Results
revealed that articular cartilage changes in immobilized animals include altered
proteoglycan synthesis, as well as thinning and softening of the tissue. The
overall thickness of articular cartilage in the knee decreases up to 9% after 11
weeks of immobilization. This study summarized that alterations in the
morphologic, biochemical, and mechanical properties of cartilage occur after
unloading and immobilization in animals. However, the findings have been
inconsistent and it is unclear whether such changes also take place in human.
Therefore, Vanwanseele, Eckstein, Knecht, Stiissi, & Spaepen, (2002) tested
the hypothesis that progressive thinning of knee joint cartilage is observed after

spinal cord injury. They assessed the knee cartilage of patients with complete,
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traumatic spinal cord injury at 6 (n = 9), 12 (n = 11), and 24 months (n = 6)
after injury. Morphologic parameters of the knee cartilage were compared with
those in young, healthy volunteers. Results showed that after 6 months of
injury, the mean articular cartilage thickness was significantly less in the patella
and medial tibia (decrease of 10% and 16%, respectively), but not in the lateral
tibia (decrease of 10%), compared with the MRI findings in healthy volunteers.
After 12 and 24 months of injury, the differences amounted to a reduction of
21% and 23%, in the patella, 24% and 25%, in the medial tibia, and 16% and
19%, in the lateral tibia, respectively. The changes were significant in all 3
surfaces of the spinal cord-injured joint cartilage. This data showed that
progressive thinning of human cartilage occurs in the absence of normal joint

loading and movement.

After this cross-sectional study, Vanwanseele, Eckstein, Knecht, Spaepen, &
Stussi, (2003) performed a longitudinal analysis of cartilage atrophy in all knee
compartments, including the femoral condyles, in spinal cord injury patients
over 12 months. They examined the right knees of 9 patients with complete,
traumatic spinal cord injury shortly after the injury and at 6 and 12 months
post-injury. Results demonstrated that the mean thickness of knee joint cartilage
decreased significantly during the first 6 months after injury (range 5-7%). The
mean change at 12 months was 9% in the patella, 11% in the medial tibia, 11%
in the medial femoral condyle, 13% in the lateral tibia, and 10% in the lateral
femoral condyle. This study indicated that human cartilage atrophies in the
absence of normal joint loading and movement after spinal cord injury, with a

rate of change that is higher than that observed in osteoarthritis.

Immobility studies indicated that regular use of articular cartilage is essential

for its health. We know that daily activities cause some impact on weight
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bearing sides of articular cartilage. Quantification and characterization of the
deformation behavior of articular cartilage when subjected to physiological
cyclic loading have a fundamental importance. In order to quantify the
responses of cartilage, some researchers evaluated the ground reaction forces,
impact-absorption properties, deformational and adaptational behavior of

articular cartilage.

In a biomechanical study, Hoshino, & Wallace, (1987) investigated load-
absorbing mechanism of 20 cadaveric knees. The impact load was applied
using a weight falling onto the transected proximal femur and the force
transmitted through the knee was measured at the transected distal tibia using a
load transducer. In this study, results showed that the joint has an impact-

absorbing property in each segment.

Articular cartilage is the thin layer of deformable, load-bearing material which
lines the bony ends of all diarthrodial joints. When an external load is applied to
a joint, articular cartilage deforms, resulting in increased joint contact areas and
decreased contact stresses (Setton, Elliott, & Mow, 1999). Setton et al.
explained that, in a healthy joint, articular cartilage may provide load-bearing,
energy dissipation and joint lubrication with little or no signs of wear. With
injury or degeneration related to osteoarthritis, cartilage changes which are
associated with significant loss of mechanical function will occur, with the

potential to cause further progressive degeneration of cartilage.

Abnormal transmission of loads may result in osteoarthritis. Fukuda et al.,
(2000) evaluated the role of the cancellous bone in these processes and load
transmission in the cancellous bone of the tibia under static and impact load. In
this study, the compressive stresses in the subchondral bone, epiphysis and

diaphysis of the tibia of porcine knees were measured under static and impact
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load using mini-pressure transducers. Tests were repeated after meniscectomy
and after removing the articular cartilage. Results showed that in the intact knee
in all alignments, the highest stress on the medial side was found in the
epiphysis, and in the subchondral bone on the lateral side. After meniscectomy,
a significant increase was observed in the stress on both sides of the
subchondral bone. After the removal of the articular cartilage, the stress in the

subchondral bone increased again, but slightly.

The growth, maintenance and ossification of cartilage are fundamental for
skeletal development and are regulated throughout life by the mechanical cues
that are imposed by physical activities. In their computer modeling study,
Carter & Wong (2003) indicated that local intermittent hydrostatic pressure
promotes cartilage maintenance. Cyclic tensile strains (or shear), however,
promote cartilage growth and ossification. They explained that in the middle
and deep layers of articular cartilage, the cartilage phenotype is maintained by
cyclic fluid pressure. In superficial articular layers the chondrocytes are
exposed to tangential tensile strain in addition to the high fluid pressure.
Researchers concluded that computer model predictions of cartilage
mechanobiology are consistent with the results of in vitro cell, tissue and
molecular biology experiments. According to Wong & Carter (2003) the
histomorphogenesis of articular cartilage is regulated during skeletal
development by the intermittent forces and motions imposed at diarthrodial
joints. In a mature joint, cyclic loads produce cyclic hydrostatic fluid pressure
through the entire cartilage thickness that is comparable in magnitude to the
applied joint pressure. Prolonged physical activity can cause the total cartilage
thickness to decrease about 5%. The topological variation in the
histomorphologic appearance of articular cartilage is influenced by the local

mechanical loading of chondrocytes in the different zones.
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Henderson et al., (2007) stated that experimental and theoretical researches
show that mechanical stimuli may play a role in morphogenesis. Therefore,
Henderson and collaborates investigated whether theoretically predicted
patterns of stress and strain generated during the growth of a skeletal
condensation are similar to in vivo expression patterns of chondrogenic and
osteogenic genes. Their analysis showed that predicted patterns of compressive
hydrostatic pressure correspond to the expression patterns of chondrogenic
genes, and predicted patterns of tensile strain correspond to the expression
patterns of osteogenic genes. Furthermore, the results of the analysis suggested
that stresses and strains could promote the formation and refinement of stiff
tissue surrounding the condensation, a prediction that is in agreement with an
observed increase in collagen bundling surrounding the cartilage condensation,
as indicated by picro-sirius red staining. These results are consistent with
mechanical stimuli playing an inductive or maintenance role in the developing
cartilage and associated perichondrium and bone collar. This theoretical
analysis provides insight into the potential importance of mechanical stimuli

during the growth of skeletogenic condensations.

2.4  Sports and Body

Shifts from hunting and gathering to agriculture, and then to industry, have
changed physical activity patterns markedly since the Stone Age, which has
improved mankind’s health vitality and longevity. The importance of physical
activity and physical fitness to health and longevity has long been featured
through the writings of the Ancients (Paffenbarger, Blair, & Lee 2001). Also,
MacAuley (1994) reported that the importance of physical development in early
eastern civilizations had been recorded in many tomb drawings. Even in

primitive society, physical culture was important, often ritualized into dance
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and similar activity (MacAuley, 1994). More than 2000 years ago, Hippocrates
advised us that exercise, through not too much of it, was good for health

(Hippocrates, as cited in Paffenbarger, 2001).

From early ages to today’s knowledge about the physical activity for physical
fitness has developed apace with new methods of researches. According to
Housh et al, (2003) in modern ages, discussion about physical fitness frequently
evolved into arguments about physical fitness for what? Today we have enough
scientific evidence to answer this question with a simple statement: Optimal
level of physical activity and fitness are conducive to lifelong good health. In
this regard, U.S. Department of Health and Human Services published a report
on Physical Activity and Health (1996). Major conclusions of this report were:

1. People of all ages, both male and female, benefit from regular physical

activity.

2. Significant health benefits can be obtained by including a moderate amount
of physical activity (e.g., 30 minutes of brisk walking or raking leaves, 15
minutes of running, or 45 minutes of playing volleyball) on most, if not all,
days of the week. Through a modest increase in daily activity, most Americans

can improve their health and quality of life.

3. Additional health benefits can be gained through greater amounts of physical
activity. People who can maintain a regular regimen of activity that is of longer

duration or of more vigorous intensity are likely to derive greater benefit.

4. Physical activity reduces the risk of premature mortality in general, and of

coronary heart disease, hypertension, colon cancer, and diabetes mellitus in
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particular. Physical activity also improves mental health and is important for

the health of muscles, bones, and joints.

5. More than 60 percent of American adults are not regularly physically active.

In fact, 25 percent of all adults are not active at all.

6. Nearly half of American youths 12-21 years of age are not vigorously active
on a regular basis. Moreover, physical activity declines dramatically during

adolescence.

7. Daily enrollment in physical education classes has declined among high

school students from 42 percent in 1991 to 25 percent in 1995.

8. Research on understanding and promoting physical activity is at an early
stage, but some interventions to promote physical activity through schools,
worksites, and health care settings have been evaluated and found to be

successful.

Numerous scientific studies confirmed that many health and fitness benefits
derived from regular physical exercises (de Assis et al., 2008; Bucksch, 2005;
Dolezal & Potteiger 1998; Karlsson, Nordqvist & Karlsson, 2008; Inoue et al.,
2008; Salci et al., 2001; Wong et al., 2008). Also, American College of Sports
Medicine (2001) summarized the benefits of regular physical activity and
exercise as improvements in cardiovascular and respiratory functions, reduction
in coronary artery disease risk factors, decrease in mortality and morbidity.
Also, decreased anxiety and depression, enhanced feelings of well-being and,
enhanced performance of work, recreational, and sport activities were reported

as other postulated benefits of regular exercise in this guideline.
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In their study, Wong and her collaborates (2008) investigated the effects of a
12-week twice weekly additional exercise training, in additional to typical
physical education sessions, on aerobic fitness, body composition and serum C-
reactive protein (CRP) and lipids were analyzed in 13 to 14 year old obese boys
contrasted with a control group. At the end of the study researchers observed
that exercise training significantly improved lean muscle mass, body mass
index, fitness, resting HR, systolic blood pressure and triglycerides in
experimental group. This study supports the value of exercise training program,

to produce physiological benefits in the management of obesity in adolescents.

Relationship between physical activity and bone mineral density has been
another popular subject in recent years. Salci et al. (2001) investigated the
relationship between bone mineral density and physical activity level of
physically active and sedentary women between 19-40 ages. Result of this
study demonstrates that practicing regular physical activity in early ages has an
improving effect on bone mineral density values. Also, sustainability of
exercise-induced increases of bone mineral density was questioned in a review
by Karlsson et al. (2008). In this study, researchers evaluated if exercise-
induced skeletal benefits achieved during growth remain in a long-term
perspective. Publications within the field were searched through Medline using
the search words: exercise, physical activity, bone mass, bone mineral content
(BMC), bone mineral density (BMD) and skeletal structure. Results of this
study demonstrated that benefits of exercise on BMD during growth seem to be
eroded at retirement, but benefits in skeletal structure may possibly be retained
in a longer perspective. Karlsson and his collaborates concluded that exercise
during growth may be followed by long-term beneficial skeletal effects, which

could possibly reduce the incidence of fractures.
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In a follow up study, Bucksch (2005) examined the effect of moderately intense
physical activity on all cause mortality in a sample composed of men and
women. Findings of the this study confirm that physical activity of moderate
intensity not less than the recommendation of CDC (Centers for Disease
Control and Prevention)/ACSM (American College of Sports Medicine) is
sufficient to prevent premature death, but this effect was only seen in the
female sample. In men, only physical activity of vigorous intensity predicted a

clear risk reduction.

Physical activity and cancer is another popular research topic in literature. In a
very recent study Inoue et al. (2008) prospectively examined the association
between daily total physical activity and subsequent cancer risk in the Japan
Public Health Center based Prospective Study. The decreased risk was more
clearly observed in women than when compared with men, especially among
the elderly and those who regularly engaged in leisure-time sports or physical
exercise. By site, decreased risks were observed for cancers of the colon, liver,
and pancreas in men and for cancer of the stomach in women. Researcher
concluded that increased daily physical activity may be beneficial in preventing

cancer in a relatively lean population.

Lee, Rexrode, Cook, Manson, & Buring, (2001) stated that physically active
women have lower coronary heart disease rates than inactive women. However,
whether the association differs by intensity of activity or in women at high risk
for coronary heart disease is unclear. Therefore, they examined the relation
between physical activity and coronary heart disease among women, including
those at high risk for coronary heart disease. 39372 healthy female health
professionals were participated in this Cohort study from 1992 to 1999. A total

of 244 cases of coronary heart disease occurred during this period. Vigorous
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activities were associated with lower risk of coronary heart disease. Walking
also predicted lower risk among women without vigorous activities. Measured
data of this investigation indicated that even light-to-moderate activity is

associated with lower coronary heart disease rates in women.

2.5  Sport and Articular Cartilage

The father of medicine, Hippocrates, indicated following: “All parts of the body
which have a function, if used in moderation and exercised in labors in which
each is accustomed, become thereby healthy, well-developed and age more
slowly, but if unused and left idle they become liable to disease, defective in
growth, and age quickly” (Hippocrates, as cited in Leon, Myers, & Connett,
1997). This view was proved for most of the tissues by modern researchers.
During last decades researchers evaluated the changes of bone and muscle by
the effect of exercises (Taaffe, Robinson, Snow, & Marcus, 1997; Salci et al.,
2001). However, permanent effect of exercise on articular cartilage has not

been established clearly for articular cartilage.

Preliminary studies about the effect of physical exercise on articular cartilage
generally performed on animal models. Kiviranta, Tammi, Jurvelin, Saamanen,
& Helminen, (1988) evaluated the effect of moderate running exercise on
glycosaminoglycans and thickness of articular cartilage in the knee joint of
young beagle dogs. The local influences of physical exercise on thickness and
glycosaminoglycan content of canine articular cartilage were measured by
microspectrophotometry. Beagle dogs were divided into runner (n = 6) and
control (n = 8) groups and the training program started at the age of 15 weeks.
At the age of 40 weeks, the samples for histology were taken from 11 different
anatomical locations of the right knee joint. In this study, the thickness of the

uncalcified cartilage increased 19-23% on the lateral condyle and patellar
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surface of the femur, whereas the enhancement was smaller in other parts of the
trained cartilage. Total glycosaminoglycans were augmented by 28% in the
summits on the femoral condyles, more on the medial than lateral side.
According to these results, researchers judged that enhanced
glycosaminoglycan content and thickness shows that moderate running exercise
locally alters the biological properties of young articular cartilage at regions
bearing the highest loading surplus. In another animal study, Lammi et al.,
(1993) evaluated the adaptation of canine femoral head articular cartilage to
long distance running exercise in young beagles. The effects of long term (one
year), long distance (up to 40 km/day) running on the metabolism of articular
cartilage the biosynthesis of proteoglycans was examined by in vitro labeling of
anterior (weight bearing) and posterior (less weight bearing) areas of the
femoral head from young beagles. Like previous study, the articular cartilage of
the femoral head showed a great capacity to adapt to the increased mechanical

loading in present study.

In another study on canine, Qi & Changlin (2007) examined the association
between levels of COMP, and some other cartilage biomarkers with MRI of
cartilage degeneration in knee joint. Also, they evaluated the effects of
movement training with different intensity on cartilage of knee joint. 20 adult
canines were divided into light training, intensive training and control groups.
The training lasted for 10 weeks. MRI examinations were performed regularly
(2nd, 4th, 6th, 8th, 10th week) to investigate the changes of articular cartilage in
the canine knee, while concentrations of biomarkers were measured. They
found significant differences between training groups and control group in MRI
results. However, there was no significant difference between training groups.
Elevations of levels of COMP, MMP-1, MMP-3, TIMP-1, MMP-3/TIMP-1

were seen in serum and synovial fluid after training, and their levels had
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obvious association with knee MRI grades of cartilage lesion. Furthermore,
there were statistically significant associations between biomarkers’ levels in
serum and in synovial fluid. Long-time and high-intensity movement training
induces cartilage degeneration in knee joint. Within the intensity extent applied
in this study, knee cartilage degeneration caused by light or intensive training
has no difference in MR imaging, but has a comparatively obvious difference in
biomarkers’ level. To detect articular cartilage degeneration in early stage and
monitor pathological process, the associated application of several biomarkers
has a very good practical value, and can be used as a helpful supplement to
MRI. In another study, Qi, Changlin, & Zefeng, (2007) evaluated the cartilage
injury of knee joint in a rabbit model under high-intensity jumping training.
They used matrix metalloproteinase-1 (MMP-1), matrix metalloproteinase-3
(MMP-3), and tissue inhibitor of matrix metalloproteinase-1 (TIMP-1) in
synovial fluid to predict early sports injury of articular cartilage effectively.
Rabbits were divided into two groups of untreated control and jumping training
groups. Researchers measured the concentrations of biological markers at 4th
and 8th weeks. Results demonstrated that sulfated GAG content, thickness of
subchondral bone, and Mankin grades in training group were significantly
higher than control at the end of the 4 weeks. After 8 weeks, the training group
had a further increase in the articular cartilage injury and the level of these
biomarkers was significantly associated with the severity of the articular
cartilage pathology. According to this result, researchers concluded that
repetitive and high-intensity jumping movement may induce sports injury in the

knee joint cartilage.

Brommer et al., (2005) evaluated the functional adaptation of articular cartilage
under the influence of loading in foals. Osteochondral plugs were drilled out

from impact-loading and constant loading sites of stillborn, 5 months, 18
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months and mature horses. Researchers observed that fetal cartilage was
significantly thicker compared to the other ages with no further age-dependent
differences in cartilage thickness from age 5 months onwards. According to
these findings, after 18 months age, no major adaptations seem to occur.
Therefore researchers concluded that functional adaptation of biomechanical

properties takes place early in life for horses.

Early studies about the effect of sport or exercise on human articular cartilage
were commonly cross-sectional studies. Generally, current conditions of elite
athletes or industrial workers were compared with control counterparts in these
studies. One of pioneer study, Miihlbauer, Lukasz, Faber, Stammberger &
Eckstein, (2000) compared knee joint cartilage thickness of triathletes with
those of physically inactive volunteers. The right knee joints of nine male
triathletes and nine inactive male volunteers were imaged with a fat-suppressed
gradient echo sequence. It is reported that in the patella, the femoral trochlea,
and the lateral femoral condyle, the mean and maximal cartilage thickness
values were slightly higher in triathletes, but they were somehow lower in the
medial femoral condyle, and in the medial and lateral tibial plateau but these
differences were not statistically significant. Researchers claimed that these
results are unexpected in view of the functional adaptation observed in other
musculoskeletal tissues, such as muscle and bone, in which a more obvious
relationship with the magnitude of the applied mechanical stress has been
observed. However, in this study, a high inter-individual variability of the mean
and the maximal cartilage thickness values in all surfaces was observed, both in
the triathletes and in the inactive volunteers. Functional adaptation of human
joints to mechanical stimuli was again evaluated by comparing triathletes’ and
non-athletes’ cartilage (Eckstein et al., 2002). They examined nine men and

nine women triathletes, and 18 inactive healthy volunteers. Researchers
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reported that the knee joint cartilage thickness, and signal intensity were not
significantly different between athletes and inactive volunteers, but male
athletes displayed significantly larger knee joint surfaces. Female athletes
displayed a significantly larger medial tibia and the difference in the total knee
surface area reaching borderline significance. According to their findings
Eckstein and his colleagues claimed that joint size can be modulated during
growth, but the thickness of the cartilage does not adapt to mechanical

stimulation.

In a cross sectional study, sports-related differences in biomarkers of bone
resorption and cartilage degradation in endurance athletes were compared
(O'Kane, Hutchinson, Atley, & Eyre 2006). Researchers asked whether
differences in skeletal stresses in college athletes undergoing high-intensity
training for diverse types of aerobic sports affect their skeletal metabolism. In
this study, urinary cross-linked N-telopeptide (NTX) and urinary CTX-II were
used as a bone resorption marker and as a cartilage degradation marker,
respectively. 60 student athletes from crew, cross-country running, swimming
and 16 non-athlete controls were participated in this study. Biomarker levels
were compared after adjusted for BMI. NTX was highest in the rowers, and
higher in rowers and runners than in swimmers or controls. CTX-II was
significantly higher in runners than swimmers and controls, when adjusted for
BMI. Researchers suggested that crew undergo the highest bone remodeling
and runners the highest cartilage degradation. However, in a previous study no
difference in the NTX concentrations among the high impact, medium impact
and nonimpact sport groups were noted (Creighton, Morgan, Boardley, &

Brolinson 2001).
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Gratzke, Hudelmaier, Hitzl, Glaser, & Eckstein (2007) compared the
morphologic characteristics of knee cartilage and muscle status of professional
weight lifters and sprinters. Their hypothesis was subjects with high muscle
strength display thicker knee cartilage and larger joint surface areas than
nonathletic volunteers, and knee cartilage morphologic characteristics correlate
more strongly with muscle force than with muscle cross-sectional areas. In this
cross-sectional study seven weight lifters and seven bobsled sprinters were
examined and compared with 14 adult nonathletic volunteers. Results showed
that experimental group displayed significantly larger extensor muscle
moments and cross-sectional areas. Also, patellar cartilage thickness of weight
lifters and sprinters were larger than nonathletic volunteers but no significant
differences in the cartilage thickness of the other knee joint cartilage plates or
joint surface areas. Gratzke and collaborates claimed that cartilage thickness

has much less ability, if any, to adapt to mechanical loading than muscle.

Investigations on acute effect of sport exercise on articular cartilage are a very
new subject. First study according to our knowledge was performed by
Eckstein et al., (1998). In this study, Eckstein and collaborates quantified the in
vivo changes of cartilage volume and thickness with MRI after physical
exercise. The patellae of eight volunteers were imaged six times at physical test
by using a spoiled fat-suppressed gradient-echo sequence with an acquisition
time of 4.10 minutes. The volunteers then performed 50 knee bends, and two
more data sets were acquired 3-7 minutes and 8-12 minutes after exercise.
According to the results, a statistically significant decrease in cartilage volume
was observed 3-7 minutes (6.0%) and 8-12 minutes (5.2%) after exercise. They
observed that the deformation was homogeneous throughout the joint surface.
In 1999, Eckstein, Tieschky, Faber, Englmeier, & Reiser, analyzed the

deformation, recovery, and fluid flow in human articular cartilage after
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dynamic loading. The patellae of seven volunteers were imaged at physical rest
and after performing knee bends with MRI. Patellar cartilage deformation
ranged from 2.4 to 8.6% after 50 knee bends, and from 2.4% to 8.5% after 100
knee bends. Analyses showed that repeated sets of dynamic exercise at intervals
of 15 min did not cause further deformation. The rate of fluid flow during
relaxation ranged from 1.1 to 3.5 mm’/min and was highly correlated with the
individual degree of deformation after knee bends. Latter year Eckstein,
Lemberger, Stammberger, Englmeier, & Reiser, (2000) compared the effect of
static and dynamic loading on patellar cartilage. They hypothesed that static
loading (squatting at a 90 degrees angle) and dynamic loading (30 deep knee
bends) cause different extents and patterns of patellar cartilage deformation.
Twelve healthy volunteers were examined and the volume and thickness of the
patellar cartilage determined before and from 90 to 320s after loading.
Following knee bends, a residual reduction of the patellar cartilage volume (-
5.9+/-2.1%) and of the maximal cartilage thickness (-2.8+/-2.6%) was
calculated. Following squatting, the change of patellar cartilage volume was -
4.7+/-1.6% and that of the maximal cartilage thickness -4.9+/-1.4%. Results
demonstrated that the volume changes were significantly lower after squatting

than after knee bends, but the maximal thickness changes higher.

Hohmann, Wortler, & Imhoff, (2004) investigated whether external impact
loading in marathon runners creates internal stresses on bone and cartilage that
are demonstrable on MR images. In this study, six recreational and two semi-
professional runners underwent MRI of the hip and knee before and after a
marathon run. Results of this study suggested that the high impact forces in
long-distance running are well tolerated and subsequently do not demonstrate
changes on MR images, because the pre-run and post-run scans failed to

demonstrate marrow oedema, periosteal stress reactions, or joint effusions in
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seven runners. However, only one patient who underwent a reconstruction of
his anterior cruciate ligament 18 months ago demonstrated a small effusion in
the reconstructed knee before and after the race. Articular cartilage subjected to
the high repetitive loading cycles occurring during long-distance running and
ability to remain intact is still the topic of controversy. Kessler, Glaser, Tittel,
Reiser, & Imhoff, (2006) also, investigated the changes in cartilaginous
volumes of the tibia, patella, and medial and lateral menisci after extreme
dynamic loading as occurs in long-distance runners. 30 male athletes ran
around a predetermined and precisely measured course (5, 10, 20 km). Overall,
researchers observed significant reductions in volume for the patella, tibia, and
menisci. Actual change was observed after a running distance of 5 km.
However, other statistical reduction was observed only for medial meniscus
after 10 and 20 km. On the basis of the results of this study, the authors

assumed that the cartilage is able to adapt well to the loads caused by running.

In an extended report, Eckstein et al., (2006) evaluated the deformational
behavior of patellar and femorotibial cartilage for different types of
physiological activities and tested the hypothesis that in vivo deformation of
cartilage is modified by intense physical exercise. Researchers analyzed the MR
images to determine cartilage volume before and after physical activity (knee
bends, squatting, normal gait, running, cycling) in the patella of 12 volunteers.
Deformation of femorotibial cartilage was investigated in 10 participants (knee
bends, static compression, high impact loading). Also, patellar cartilage
deformation after knee bends was compared in seven professional weight
lifters, seven sprinters, and 14 untrained volunteers. The highest patellar
cartilage deformation was observed after knee bends (-5.9%) and the lowest
after cycling (-4.5%). Tibial cartilage deformation was greatest under high

impact loading (-7%), but small for other activities. Researchers did not find a
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significant difference between athletes and non-athletic controls. The findings
provide no evidence that adult human cartilage properties are amendable to

training effects in vivo.

Koo & Andriacchi (2007) compared the influence of global functional loads
with local contact anatomy on articular cartilage thickness at the knee.
Researchers isolated the relationship between cartilage thickness predicted by
individual variations in contact surface geometry based on the radii of the
femur and tibia vs. cartilage thickness predicted by individual variations in joint
loading. Knee MR images and the peak knee adduction moments during
walking were obtained from 11 young healthy male participants. Koo &
Andriacchi realized that in general, pressure was higher in the lateral than
medial compartments and cartilage was thicker in the lateral than medial
compartments. Also, the peak knee adduction moment showed a significant
positive linear correlation with medial to lateral thickness ratio in both femur
and tibia. The results of this study suggested that the dynamics of walking is an
important factor to describe individual differences in cartilage thickness for

normal participants.

It is still unclear whether long-distance running has a deleterious effect on joint
health; therefore Kessler, Glaser, Tittel, Reiser, & Imhoff, (2008) examined the
rate of recovery from alterations occurring at the knee joint in marathon
runners. Researchers hypothesized that tibial, patellar, and meniscal
cartilaginous volumes are able to recover adequately from changes due to
repeated loading immediately after cessation. Cartilaginous volume was
measured by MRI before and immediately after the 20 km run and after a
recovery period of 1 hour. Results showed that there was a significant decrease

in cartilage volume after the 20-km run. After 1 hour of rest, no significant
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reduction of cartilage volume was measured for any sides of knee cartilage.
However, the values recorded for the menisci were borderline, which indicates
that recovery of meniscus volume lags behind that of articular cartilage.
Researchers indicated that a clear tendency toward rapid recovery of the
cartilaginous and meniscal volumes at the knee. The results of this study lead to
the assumption that the cartilage and the menisci are well able to adapt to the
loads caused by running and the articular structures recover rapidly so that

exercise could be continued after a short time without reservation.

Effect of exercise on the biomarkers of cartilage deformation or bone turnover
are relatively new topics in literature. Kersting, Stubendorff, Schmidt, &
Briiggemann, (2005) investigate the relationship between running induced joint
loading at the knee, changes in cartilage volume and serum COMP
concentration. In this study, serum COMP levels and knee cartilage volumes of
experienced runners were tested before and after running and joint loading was
determined using a biomechanical model of the lower extremity. Blood samples
and magnetic resonance imaging scans were taken before and following a lh
training run. Also, researchers calculated individual knee joint loading
parameters from positional data and ground reaction forces. According to this
results, Kersting and collaborates explained that changes in cartilage volume
and COMP showed significant correlations. However, net joint forces did not
explain the differences in cartilage changes. Kersting and collaborates found
significant difference in serum COMP concentration after 1 hour of running
training. Mundermann, Dyrby, Andriacchi, & King, (2005) tested the
hypothesis that physiological cyclic loading during a 30-min walking exercise
causes an increase in COMP. In their study amount of exercise impact on knee
joint and volume of exercise is absolutely lower than Kersting’s study. Also,

Mundermann and collaborates’ participants were 10 health non-athletes. Blood
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samples were drawn immediately before and after, and 0.5h, 1.5h, 3.5h and
5.5h after a 30-min walking exercise. On a separate day, blood samples were
drawn from the same 10 participants during 6h while they were resting on a
chair. Researchers compared serum COMP concentrations within the exercise
protocol and within the resting protocol. Mundermann and colleagues observed
a significant increase immediately after the walking exercise. Their study
showed that even a moderate walking activity can significantly influence serum
COMP concentration and the immediate response points to a diffusion time of

COMP fragments from cartilage to the blood of 30 min or less.

After the evaluation of 30 and 60 minutes of exercise on articular cartilage,
Kim, Lee, & Kim (2007) evaluated muscle and cartilage biomarkers and
cytokine secretion during an ultra-marathon (200 km running). Venous blood
samples were taken before, midway and immediately after the race from 54
trained male ultra-marathon runners. In this study, COMP was used to
determine cartilage damage. Serum COMP concentration increased 1.3 fold at
100 km and 3-fold at the end of 200 km. According to results, ultra-marathon
running clearly has a major impact on muscle and cartilage structures.
Researchers concluded that ultra-long running causes a wide range of injury-
related changes and that possibly greater damage occurs in the latter half of the
race. Two years later, again Kim, Lee, & Kim (2009) compared muscle and
cartilage damage after a marathon (42.195 km) and an ultra-marathon (200 km).
Twenty male marathoners and ultra-marathoners participated in their study.
Serum COMP level was increased 1.6-fold at 10 km during a marathon race
and stayed constant up to end of the marathon. This level was significantly
decreased at first day and declined to the pre-race level after 2 days recovery.
However, serum COMP was increased 1.9-fold after a 200-km race and

returned to the pre-race level on day 6. These findings demonstrated that

55



running distance may affect on the impact-stress related damage in cartilage.
Also researchers stated that running distance and the tissue type may affect the

required time for recovery.

Recently, Niehoff et al. (2008) tested the hypothesis that elevation of serum
COMP level depends on loading mode of physical activity. In their study,
researchers investigated whether there is a relationship between the mode of
physical activity and COMP concentration and whether the lymphatic system
contributes directly or indirectly to the rise in serum COMP concentration.
Only five male participants were enrolled in this study. Blood samples were
taken before, after and at seven time points within 1 hour after three different
loading interventions of 30 min duration or on a day of complete rest. The
interventions were running, slow knee bends and lymph drainage, which is a
delicate form of massage that stimulates the body’s lymphatic system. Results
showed that 30 minutes running exercise significantly increased the serum
COMP concentration and this level stayed constant up to 1h following the
exercise. However, slow knee bends and lymphatic drainage had no effect on
the serum COMP concentration. According to these findings, it was concluded
that impact-loading results in a greater exudation of COMP from the joint

cartilage.

There are some studies about the effect of different interventions on the
articular cartilage in literature, but the number of these studies is very limited.
In a community rehabilitation program, Lin, Davey, & Cochrane (2004)
mentioned the effectiveness of water based exercise program on the knee-hip
osteoarthritis. In this study, sixty-six participants were offered a water-exercise
program and forty participants received monthly education material and

quarterly telephone calls. Effectiveness of interventions was evaluated with
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WOMAC and physical function tests. Post-test results indicated that there was a
significant improvement in physical function and reduction in the perception of
pain of exercise group. This study showed us that 12 months of community-
based water exercise of elderly people with knee/hip osteoarthritis improves
physical function, general mobility and flexibility. Roos & Dahlberg (2005)
mentioned about the positive effects of moderate exercise on knee cartilage in
patients at risk of osteoarthritis. In their study, Ross & Dahlberg evaluated the
effects of moderate exercise on glycosaminoglycan content in knee cartilage in
subjects at high risk of knee osteoarthritis. Forty-five participants were
randomly assigned to supervise exercising group for 3 times weekly for 4
months or to control group. According to researchers, patients at risk of knee
osteoarthritis who begin exercising indicated that adult human articular
cartilage has a potential to adapt to loading change. Remarkable finding of this
study was that supervised exercise may be a good treatment not only to improve
joint symptoms and function, but also to improve the knee -cartilage

glycosaminoglycan content in patients at high risk of developing osteoarthritis.

Serum levels of COMP concentration increase temporarily after physical
exercise also in patients with knee osteoarthritis (Andersson et al., 2006). They
monitored serum COMP concentration of patients of knee osteoarthritis during
a physical exercise or rest. Andersson and his collaborates collected blood
samples from training and control groups before and after exercise or rest.
Participants performed one-hour supervised exercise twice a week and daily
home exercises for six weeks. Also in supplementary study 7 individuals were
subjected to the same exercise program and sampling of blood was performed
at fixed intervals before, immediately after, 30 and 60 minutes after the exercise
session and then with 60 minutes interval for another five hours after exercise

to monitor the short-term changes of serum COMP concentration. Serum
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COMP levels of participants were not significantly different at the beginning of
the study. 60 minutes exercise caused a significant increase in serum COMP
levels and after 60 minutes of rest, serum COMP levels decreased in both
groups. Results also indicated that median serum COMP values in samples
obtained prior to exercise or rest at baseline and after 24 weeks did not change
between start and end of the study. Similar to Mundermann’s (2005) findings
serum COMP was increased immediately after exercise and decreased to
baseline levels after 30 minutes rest. According to the results, researchers
suggested that samples of blood for analysis of serum COMP should be drawn
after at least 30 minutes rest in a seated position. And no increase was seen
after a six-week exercise program which is interpreted as any effect of

individualized supervised exercise on cartilage turnover is permanent.

In a longitudinal study, Foley, Ding, Cicuttini, & Jones, (2007) evaluated the
physical activity and knee structural changes in adult males and females. In this
study, 325 subjects were measured at baseline and approximately two years
later. Measured parameters of this study were physical activity questionnaire,
physical work capacity, lower-limb muscle strength, knee cartilage volume,
tibial plateau area and cartilage defect score. Results of this study indicated that
physical load stimulates the knee cartilage volume and tibial plateau area so
that they are interpreted as dynamic structures. Remarkable comment of
researchers was that physical activity may have both good and bad effects on
the knee, because, greater muscle strength and endurance fitness may be
protective against cartilage loss, but it also may result in a maladaptive
enlargement of subchondral bone in both sexes. Effect of physical activity on
articular knee joint structures was evaluated also in a community-based study
(Racunica et al., 2007). Racunica and collaborates examined the association

between intensity, frequency, and duration of physical activity and knee
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structures. 297 healthy adults without knee injury history participated in this
study. Tibial cartilage volume, tibiofemoral cartilage defects, and bone marrow
lesions of the participants were measured. Physical activity and anthropometric
data of the participants were followed via questionnaire about ten year. Results
revealed that tibial cartilage volume increased with frequency and duration of
vigorous activity reported 10 years previously, as well as recent vigorous
activity in the 7 days prior to MRI. Recent weight-bearing vigorous activity
increased with tibial cartilage volume and was inversely associated with
cartilage defects. A reduced risk of bone marrow lesions was associated with
regular walking. These findings showed that vigorous physical activity appears
to have a beneficial effect on knee articular cartilage in healthy, community-
based adults with no history of knee injury or disease. Also it is suggested that

physical activity is good for the heart is also good for the knees.

In a cohort study of healthy middle-aged women, Wijayaratne et al., (2008)
searched the determinants of change in patella cartilage volume over two years
among healthy middle-aged women with no clinical knee osteoarthritis. MRI of
one hundred and forty-eight women was performed at baseline and at 2nd year,
to assess patella cartilage and bone volume. Self-reported exercise
questionnaire was used to assess exercise content. Results showed that
participation in exercise associated with a reduced rate of patella cartilage
volume loss. Researchers concluded that increased patella bone volume and
exercise participation tends to be associated with a reduction in the rate of

patella cartilage volume loss.

In addition to studies about the effect of exercise on cartilage markers, Lester et
al. (2009) investigated the influence of exercise mode bone biomarker

responses. According to Lester and collaborates, in rodents, an osteogenic index
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has been used to predict the osteogenic potential of exercise but has not been
established in humans. Sixty-nine young, healthy college women were enrolled
in this study. Participants were divided into four groups aerobic, resistance,
combined aerobic and resistance and control group and trained for eight weeks.
Researchers collected serum biomarkers and BMD before, during and after
eight weeks of training. Small changes in volumetric and areal BMD were
observed in the distal tibia in the aerobic and combined groups however,
researchers could not find a difference in CTX-I concentrations. Researchers
reported that serum CTX-I concentrations were similar in all four groups pre-

training and remained stable throughout the training programs.

Some research groups published review articles about the effect of exercise on
articular cartilage but still there is no consensus about the deformation and
adaptation of articular cartilage to physical exercise. Initially, Eckstein,
Hudelmaier, & Putz, (2006) published a review about the effects of exercise on
human articular cartilage. In this review Eckstein and collaborates summarized
researches on short-term (deformational behavior) and long-term (functional
adaptation) effects of exercise on human articular cartilage. They explained that
human cartilage deforms very little in vivo during physiological activities and
recovers from deformation within 90 min after loading. As mentioned before,
Eckstein indicated that cartilage undergoes some type of atrophy (thinning)
under reduced loading conditions, such as with postoperative immobilization
and paraplegia. They claimed that in contrast to findings about reduced loading,
increased loading is not associated with increased average cartilage thickness.
However, in a very recent review, Hunter & Eckstein, (2009) mentioned about
the benefits of exercise on weight control, disease management advantages for
cardiovascular disease and diabetes, in addition to improving psychological

well-being amongst an array of other benefits. Researchers indicated a

60



community perception that exercise is potentially deleterious to one's joints.
However, researchers indicated that in the absence of joint injury there is no
evidence to support for the common misconception that exercise is deleterious
to one's joints. They concluded that exercise has positive salutary benefits for

joint tissues in addition to its other health benefits.
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CHAPTER 3

MATERIALS AND METHODS

This study was designed to determine if deformational behavior and functional
adaptation of articular cartilage are changed by moderate amount of high-
impact, impact or non-impact physical exercise programs. The chapter begins
with the (1) Overall Design of the Study, and covers (2) Participants, (3)
Interventions (4) Physical and Physiological Measurements, (5) Blood Tests,
and (6) Statistical Analysis.

3.1  Overall Research Design

A Randomized Control Trial study design where comparison of four groups,
consisting of 12 participants each, was selected for this study. The design was
chosen to examine the possible differences among four groups of participants in
terms of deformational behavior and functional adaptation of articular cartilage

(Figure 2).

At the beginning and the end of the study, each participant participated a
serious of tests. All the tests were performed in the laboratories of the Middle
East Technical University at Ankara. These tests composed of physical and
physiological tests, knee exercise and blood collection tests. This blood samples
were analyzed in a biochemistry laboratory and determined the level of
biochemical markers of cartilage or bone degradation. Significance of changes

was compared by statistical methods.
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3.2 Participants

48 male students from various departments of the Middle East Technical
University and aged between 19-25 years (M = 21.8, SD= 1.9) were
participated in this study. Participants were voluntarily enrolled in this study. 36
of the participants were randomly assigned to exercise groups whereas
remaining participants (n=12) recruited as a control group. To meet the
requirements of the study, participants had to be healthy males with a sedentary
life style who had no regular exercise backgrounds but had intermediate level
swimming and cycling experience. Availability of participants for the tests and
appropriateness of the schedule of the exercises for students were other major
inclusion criteria. Criteria for exclusion were: osteoarthritis, rheumatoid
arthritis or other inflammatory joint disease, knee arthroplasty intra-articular
steroid injection malalignment of the knees (varus/valgus) larger than 15 °,
recent (6 months) fracture of lower extremity, lack of understanding of the
study (dementia, language problems), and abuse of drugs or alcohol. Also,
students from physical education and sports department were not accepted to
this study. During intervention period 2 participants were excluded from the
study because of the health problems. Also 2 participants were excluded from
the study at biochemical analyses. The exact nature of the studies’ aim was
explained to each voluntary participant and written consent and protocol of the

study was approved by the Ethical Comity.
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Figure 2.Flow chart of research design.
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3.3 Interventions

At the beginning and the end of the study, each participant took part in a
serious of tests. These tests were moderate intensity walking tests for blood
sampling, isokinetic leg strength measurements, VO,max measurements, Body

Mass Index (BMI) measurements.

After first measurements, participants were randomly and equally assigned to
swimming (n=12), running (n=12), cycling (n=12) and control groups (n=12).
All exercise groups participated in sessions of 40 minutes per day, 3 days per
week for 12 weeks. Each session started with a 5 minute warm-up, continued
with a main set for 30 minutes at their individual target heart rate zone (60-70
% of heart rate reserve) and finished with a 5 min. cool down period (Figure 3).
The individual target heart rate was determined according to the American
College of Sport Medicine’s (ACSM) Guidelines for Exercise Testing and
Prescription (ACSM, 2001). Rather than skill acquisition volume and intensity
of exercise were emphasized in all exercise groups. Swimming exercises were
composed of front crawl swimming and kicking drills. All participants in
swimming group had at least intermediate level experience and during main
sets they performed swimming skills in a random manner at their individual
heart rate zone. Cyclers had to continue exercise between 60-80 RPM and
resistance of cycle ergometers (Monark E 834) were adjusted individually to
keep each participant in his target heart rate zone. Participants in the running
group performed sessions on the treadmill (Quinton Q65) with 1.5 % incline
and speed of the treadmill was determined according to individual heart rate
zone. Throughout the 12 weeks Heart Rate Reserve (HRR) were held constant

(60-70%) while speed of the exercises was increased according to individual
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progression. The target heart rate zone was determined by the Karvonen

formula (Bompa, 1999, p.87).
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Figure 3. A sample of heart rate during a training session.

Participants in the running and cycling groups attended sessions in the human
performance laboratory one by one, three times a week throughout their weekly
schedule. This was every Monday, Wednesday and Friday as determined by the
instructor. The swimming group performed exercise sessions in the indoor
swimming pool according to the similar schedule at Tuesdays, Thursdays and
Saturdays. The heart rate of the participants was measured and stored by heart
rate monitors (Polar, Vantage NV Heart Rate Monitor) during exercise
sessions. Throughout the 12-week period, the control group was told not to
participate in any organized or structured exercise and to continue their daily

life activities.
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3.4  Physical and Physiological Measurements

3.4.1 Body Mass Index (BMI)

BMI is the ratio of body weight to height squired (Heyward & Stolarczyk
1996). To calculate BMI, the body weight was measured in kilograms by Seca
767 electronic column scale (Seca gmbh & co. Hamburg, Germany) and the
height was measured by Harpenden Stadiometer (Holtain Itd. Crosswell, United

Kingdom) and converted from centimeters to meters (cm/100).

3.4.2 Endurance (VO,max) Measurements

In this study, VO.max was measured by performing standard Bruce Protocol
(Bruce, Kusumi & Hosmer 1973) on a Jager LE 200 CE treadmill. The exercise
workloads gradually progressed in increments from moderate to maximal
intensity. In particular, the Bruce-Protocol has a very low start speed, but a
large incline (10 %). The speed and incline were increased simultaneously
every third minute (Fredriksen, Ingjer, Nystad & Taulow, 1998). The
participants were considered to have reached their VO,max if maximal heart
rate was reached, Rating of Perceived Exertion (RPE) were reached to 17 or
more and attainment of a respiratory exchange ratio of 1.15 or greater. Oxygen
uptake was calculated from measures of oxygen and carbon dioxide in the
expired air and minute ventilation, and the maximal level was determined at or
near test completion. Measurements were performed with VIASYS Healthcare
ergospirometry line, the MasterScreen CPX (Wuerzburg, Germany). Results
were presented as ml/kg/min (mililiters of oxygen per kilogram of body weight

per minute).
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3.4.3 Isokinetic Strength Measurements

Isokinetic strength data were recorded with the Biodex System Dynamometer
(Biodex Medical Inc, Shirley, NY) to assess strength of the quadriceps and
hamstrings muscle groups. Participants were placed in a comfortable upright-
seated position on the Biodex dynamometer chair and was secured using thigh,
pelvis and torso straps in order to minimize extraneous body movements. The
lateral femoral epicondyle was used as the bony landmark for matching the axis
of rotation of the knee joint with the axis rotation of the dynamometer
resistance adapter. The participants were placed in a position that allowed for a
comfortable and unrestricted motion of knee extension and flexion from a
position of 90 degrees of flexion to terminal extension. Gravity correction was
obtained by measuring the torque exerted on the dynamometer resistance
adapter with the knee in a relaxed state at terminal extension. Values for the
1sokinetic variables measured were automatically adjusted for gravity for the

Biodex Advantage Software Rev. 3.27.

Before the measurements of physical performance, the participants warmed up
on a bicycle ergometer for 5 minutes and then stretched their body parts. Before
the test trials, participants were instructed to perform their maximum efforts
and participants did five isokinetic concentric knee flexion and extension at
60°/sec with their dominant limbs. The dominant leg was defined as the
preferred kicking leg. Peak torque to body weight (PT/BW) was chosen for

strength measures.
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3.5 Blood Tests

3.5.1 Blood Sampling

Blood obtaining procedures were modified from Mundermann (2005).
Participants were asked to limit their physical activity 48 h prior to the
experiment. On the day of the experiment, participants consumed breakfast
within 1 h of waking, and the experiment started within 3-4 h of waking.
Participants were seated on a chair for 15 min immediately before the
experiment. Five-milliliter blood samples were drawn by a certified research
nurse from the same antecubital vein immediately before, immediately after,
and 0.5 h, after a 30-min walking exercise. Participants consumed lunch
immediately following the 1.5-h blood draw. During the walking exercise of the
test protocol, participants walked at the pace of 5 km/h with 1.5 % grade on
treadmill. After walking exercise participants sat on an office chair for 30-min
and were asked to perform a minimal amount of physical activity. By this
procedure blood samples were taken at rested, degenerated and regenerated

state of the knee cartilage.

Blood sample collection and storage procedures were done as described
previously (Andersson et al, 2006). Venous blood samples were obtained from
vena mediana cubitii. After clotting for 60 min at room temperature, they were
centrifuged at 5000 rpm for 10 minutes. The serum samples were stored at -
20°C until all the serum samples were obtained. The samples were then stored
at -80°C for long-term storage until analysis. General procedure of blood

sampling is tabulated at figure 4.
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Figure 4. Design of Blood Sampling

3.5.2 Biochemical Analysis of the Blood Samples. Enzyme-Linked Immuno-
sorbent Assay (ELISA)

Serum COMP and CTX-I levels were analyzed with a sandwich-ELISA
(COMP® ELISA; AnaMar Medical AB, Lund, Sweden) and (Serum
CrossLaps® ELISA; Immunodiagnostic Systems Nordic A/S, Herlev,

Denmark) respectively.

According to manufacturers, principle of the procedure for COMP ELISA is:

In the competitive COMP ELISA, bovine COMP is used to coat the
microtiterplates and serum from rats as calibrators. A polyclonal
antisera directed against COMP from rats is used as the primary
antibody and is incubated together with samples and calibrators directly
in the microtiterplate. After the wash a secondary antibody is added to
the well. The plate is incubated, developed and read at 450 nm. The
response is inversely proportional to the concentration of Animal

COMP in the sample.

And principle of the procedure for CTX-I ELISA (2008) is:

The Serum CrossLaps® ELISA is based on two highly specific
monoclonal antibodies against the aminoacid sequence of EKAHD-B-

GGR, where the aspartic acid residue (D) is B-isomerized. In order to
obtaina specifi ¢ signal in the Serum CrossLaps® ELISA, two chains of
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EKAHD-3-GGR must be cross linked. Standards, control, or unknown
serum samples are pipetted into the appropriate microtitre wells coated
with streptavidin, followed by application of a mixture of a biotinylated
antibody and a peroxidase conjugated antibody. Then, a complex
between CrossLaps antigens, biotinylated antibody and peroxidase
conjugated antibody is generated, and this complex binds to the
streptavidin surface via the biotinylated antibody. Following the one
step incubation at room temperature, the wells are emptied andwashed.
A chromogenic substrate is added and the colour reaction is stopped
with sulfuric acid. Finally, the absorbance is measured.
All ELISA analysis was performed in a private institution and assay procedures

were followed according to the manufacturers’ guidelines.
3.6 Statistical Analyses

The statistical analysis were performed using the computer program SPSS. The
data were analyzed with separate 4x2 (groups and time) mixed repeated-
measures ANOVA design with kinetic, isokinetic, explosive leg power, and
proprioceptive sense values as the dependent measures. Separate analyses of
variances was chosen because all of the dependent variables are of autonomous

interest.

Bonferroni-adjusted paired-samples t-tests were employed for post-hoc
analyses. A corrected p-value, which was p = .05 divided by number of
comparisons for each dependent variable, was thus employed. All cross-

evaluations of blood samples were tabulated at figure 5.
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CHAPTER 4

RESULTS

This chapter, which was divided into three main sections, presents the results of
the study. The first section, describing the demographic information and
physiological adaptation of the participants, is the non-hypothesized part of the
study. The second section provides data related with the serum COMP
concentrations. And the last section includes results related with the serum

CTX-I concentration.

4.1  Demographic Information of the Participants

4.1.1 Participants

Descriptive information of participant’s was gathered at the beginning of the
study. Statistically significant differences were not observed among the

running, cycling, swimming and control groups’ age, height and BMI at the

pre-test measurements (Table 1).
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Table 1. Physical characteristics of participants

N  Age(yrs) Height(m) Weight BMI
# (kg) (kg/m’)

Running 11 20.7+1.3 1.77+.1 72.6£9.0 23.1£2.0
Cycling 11 21.1+1.5 1.79+.1 71.0+8.3 22.142.7
Groups Swimming 11 22.8+£1.9 1.75+.1 75.2+£8.3 24.7£2.8
Control 11 22.6+2.1 1.78+.1 74.6£4.0 23.7£1.3
Total 44  21.8+1.9 1.77+.1 73.4+7.6 23.4+2.4

During the implementation period 32 training sessions were performed.
Specifically participation rates of participants in running, cycling and

swimming groups were 86%, 84% and 90%, respectively.
4.1.2 Body Mass Index

The results of this study showed that running, cycling or swimming exercises of
40 minutes per day, 3 days per week for 12 weeks resulted in a significant

decrease in Body Mass Index.

Multivariate analysis showed that there was no significant main effect for BMI
measurement for Group (F (1,40) = 2.41, p > .05, Eta-squared (nz) =.15) or
Time by Group interactions (F (3,40) = 1.18, p > .05, n°= .08). Significant (F
(1,40) = 20.24, p < .05) main effect (n>= .34) for Time however was obtained.

Body mass index decreased significantly in all exercising groups.

Based on multivariate analysis, it is only possible to examine the main effect
for the Time variable, a within-subjects factor. An overall change in BMI of all
participants was observed from pre-test to post-test via multivariate analysis.
However, in order to find out which group changed significantly, a univariate
simple effect analysis was performed for the time within level of treatment by

using a syntax command in SPSS. Simple effect analysis showed that BMI of
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the participants decreased significantly with time in the running, the cycling

and the swimming groups (Table 2).

Table 2. Simple Effect Analysis of Time for BMI

Groups DF F p

Running 1 9.6 .00
Cycling 1 43 .05
Swimming 1 9.3 .00
Control 1 .6 44

BMI results indicated that the mean body fat percent was 23.1+2.0 in the
running group, 22.1+2.7 in the cycling group, 24.74+2.8 in the swimming group
and 23.74+1.3 in the control group at pre-tests. At the post-test measurements,
body fat percents decreased 3.2 %, 2.2 %, 2.9 %, 0.8 %, respectively and
became 22.3+2.0, 21.6+£2.4, 24.0+£3.1, 23.5+1.5. Difference in body fat

percentage between pre- and post-test was given in Figure 6.

75



Body Mass Index (BIVID)

Olrneeam:
1 57 mh w
i l
z] {1
=
m
157
10
Punning Cycling Swimning Control

Groups

Figure 6. Body Mass Index Differences (p <.025).

4.1.3 Endurance (VO,max) Measurements

VO,max measurements showed that running, cycling or swimming exercises
increased maximum oxygen consumption capacities of participants
significantly. However, there was no significant difference in VO,max values

of control participants.

Multivariate analysis showed that there was no significant main effect for
VO,max measurement for Group (F (1,40) = .08, p > .05, = .01). Meanwhile,
significant Time by Group interactions (F (3,40) = 5.07, p < .05, n°= .28) and
significant main effect for Time (F (1,40) = 66.70, p < .05, n2= .63) was
obtained. VO,max, in other words endurance of the participants was increased

significantly with the 12 weeks regular exercises in all experimental groups

(Table 3).
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Table 3. Simple Effect Analysis of Time for VO,max

Groups DF F p

Running 1 31.0 .00
Cycling 1 11.0 .00
Swimming 1 384 .00
Control 1 1.6 .22

VO,max results indicated that the mean maximum oxygen consumption was
46.243.4 in the running group, 47.14£5.1 in the cycling group, 45.6+3.8 in the
swimming group, and 47.3+3.6 in the control group at pre-tests. Percent
decreases between pre- and post-test measurements for VO,max were 10.6%,
6.2%, 12.0%, 2.3 %, respectively and became 51.1+5,8, 50.0+4,9, 51.1+4.3,

48.4£3.6. Difference between pre- and post-tests was given at Figure 7.
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Figure 7. Maximum Oxygen Consumption Differences (p < .025).
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4.1.4 Isokinetic Strength Measurements

The relative isokinetic strength of the dominant leg during extension did not
increase significantly in running, cycling and control groups. There was,
however, a significant increase in the swimming groups’ strength due to 3 times

a week swimming exercise.

Multivariate analysis showed that there was no significant main effect for the
dominant quadriceps PT/BW for the group variable (F (1,40) = 1.38, p > .05,
n’=.09) or the time variable by group interactions (F (3,40) = .42, p > .05, n’=
.03). Meanwhile, significant main effect for Time was obtained, F (1,40) =
7.01, p < .05, (n’=.15). Dominant quadriceps PT/BW was just significant only
at the swimming group (Table 4).

Table 4. Simple Effect Analysis of Dominant quadriceps PT/BW

Groups DF F p

Running 1 i 42
Cycling 1 28 .10
Swimming 1 42 .05
Control 1 .6 46

Isokinetic strength measurement results indicated that the mean dominant
quadriceps PT/BW results were 298.1+48.6 in the running group, 279.3+31.9 in
the cycling group, 266.0+27.7 in the swimming group, and 277.2+39.2 in the
control group at pre-tests. Percent decreases between pre- and post-test
measurements for relative strength were 2.3%, 5.1%, 6.6%, 2.3%, respectively
and became 305.1+44.5, 293.6+£32.4, 283.4+23.9, 283.5+29.5. Difference in

isokinetic strength between pre- and post-tests was given at (Figure 8).
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4.2 Serum COMP Concentration Measurements

During pre- and post-test measurements, serum samples were taken at the

recovery, the fatigue and the regeneration phases. Descriptive statistics of

Serum COMP concentrations are presented in Tables 5 and 6.

Table 5. Pre-test Serum COMP concentrations (U/I)

Recovery Fatigue Regeneration

(M+SD) (M+SD) (M+SD)
Running (N=11) 10.07+1.8 12.93+2.9 10.71+2.2
Cycling (N=11) 9.74+2.3 12.39+1.9 11.00+1.9
Swimming (N=11) 9 68+1.6 12.42+1.8 10.99+1.4
Control (N=11) 9.49+1.4 12.52+1.1 10.54+1.4
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Table 6. Post-test Serum COMP concentrations (U/l)

Recovery Fatigue Regeneration

(M+SD) (M+SD) (M+SD)
Running (N=11) 9.76+1.6 11.34£2.6 10.32+1.8
Cycling (N=11) 9.4442 4 11.86+1.7 10.32+2.1
Swimming (N=11) 935+ 5 12.23+1.3 10.34+1.5
Control (N=11) 9.66+1.3 12.41+1.1 10.52+1.3

4.2.1 Serum COMP level differences among groups at pre- and post-test

measurements

During pre-test measurements, serum COMP concentrations at the recovery
state were not significantly different among groups. Similarly, there were no
significant differences among groups after the 30 minute walking exercise. For
the regeneration period, the same consistency was also valid. Main effect for
group variable at the recovery state (F (3,40) = .19, p = .90), at the fatigue state
(F (3,40) = .17, p = .92) or at the regeneration state (F (3,40) = .18, p=.91) is

presented at Figure 9.
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Figure 9. Serum COMP concentrations at different states during pre-test
measurements.

Similar findings were also observed during post-test measurements. Serum
COMP concentrations at the recovery state, after 30 minutes walking exercise
and at regeneration were not significantly different among groups. Serum
COMP concentration results showed no significant main effect for group
variable during post-test measurements at the recovery state (F (3,40)=.13,p =
.99), at the fatigue state (F (3,40) = .79, p = .51) or at the regeneration state (F
(3,40) = .04, p =.99) (Figure 10).
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Figure 10. Serum COMP concentrations at different states during post-test
measurements.

4.2.2 Serum COMP level changes due to acute exercise at pre- and post-test

measurements (Deformational Behavior of Cartilage)

Multivariate tests indicate a significant fatigue or resting effect on serum
COMP concentration in all experimental and control groups. Therefore, pair
wise comparisons were conducted in order to assess the mean differences.

Differences are tabulated in Figures 11 and 12.

Results indicated that 30 minutes of walking exercise significantly increased

the serum COMP concentration in the running group at pre-tests. Also, after
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fatigue, 30 minutes regeneration decreased serum COMP concentration
significantly in this group. However, in the post-tests measurements differences
after fatigue or regeneration were not significant in the running group. Pair wise

comparisons are presented in Table 7.

Table 7. Mean differences of serum COMP concentration between pairs of
different states in running group.

Running Mean Diff.  Std. Err.  Sig."
- Recovery-Fatigue -2.87* .85 .02
; Recovery-Regeneration -.64 .36 32
E Fatigue- Regeneration =~ 2.23* .02 .02
«  Recovery-Fatigue -1.57 .67 12
%) Recovery-Regeneration  -.55 .29 27
E Fatigue- Regeneration 1.02 42 A1

Based on estimated marginal means
*. The mean difference is significant at the .05 level
a. Adjustment for multiple comparisons: Bonferroni

In the cycling group, results indicated that 30 minutes of walking exercise
significantly increased the serum COMP concentration at pre-tests. Also, after
fatigue, 30 minutes regeneration decreased serum COMP concentration
significantly in the cycling group. In this group, 12 weeks low-impact cycling
exercise did not change the adaptation capacity of the cartilage. Similar to pre-
test analysis, serum COMP concentration at fatigue and regeneration increased
and decreased respectively during post-tests measurements. Pair wise

comparisons are presented in Table 8.
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Table 8. Mean differences of serum COMP concentration between pairs of
different states in cycling group.

Cycling Mean Diff.  Std. Err.  Sig.”
- Recovery-Fatigue -2.66* 46 .00
;‘: Recovery-Regeneration -1.27* .38 .02
E Fatigue- Regeneration 1.39* 18 .00
«  Recovery-Fatigue -2.42% .36 .00
f Recovery-Regeneration  -.88* .26 .02
E Fatigue- Regeneration 1.54* 24 .00

Based on estimated marginal means
*. The mean difference is significant at the .05 level
a. Adjustment for multiple comparisons: Bonferroni

In the swimming group, results indicated that 30 minutes of walking exercise
significantly increased the serum COMP concentration at pre-tests. Also, after
fatigue, 30 minutes regeneration decreased serum COMP concentration
significantly in the swimming group. In this group, 12 weeks of non-impact
swimming exercise did not change the adaptation capacity of the cartilage.
Similar to pre-test analysis, serum COMP concentration at fatigue and
regeneration increased and decreased respectively during post-tests

measurements. Pair wise comparisons are presented in Table 9.

84



Table 9. Mean differences of serum COMP concentration between pairs of
different states in swimming group

Swimming Mean Diff.  Std. Err.  Sig.”
- Recovery-Fatigue -2.74% A48 .00
;‘: Recovery-Regeneration -1.31* 31 .01
E Fatigue- Regeneration 1.43* .38 .01
«  Recovery-Fatigue -2.88%* .39 .00
f Recovery-Regeneration  -.99* 33 .04
E Fatigue- Regeneration ~ 1.90* .28 .00

Based on estimated marginal means
*. The mean difference is significant at the .05 level
a. Adjustment for multiple comparisons: Bonferroni

Results indicated that 30 minutes of walking exercise significantly increased
the serum COMP concentration of the control participants at pre-tests
measurements. Also, after fatigue, 30 minutes regeneration decreased serum
COMP concentration significantly. Response of the articular cartilage to 30
minutes walking exercise stayed constant during the 12 weeks period. Pair wise

comparisons are presented in Table 10.

Table 10. Mean differences of serum COMP concentration between pairs of
different states in control group

Control Mean Diff.  Std. Err.  Sig.”
- Recovery-Fatigue -3.03* 42 .00
; Recovery-Regeneration -1.05* 28 .01
E Fatigue- Regeneration ~ 1.98* 36 .00
«  Recovery-Fatigue -2.74% 32 .00
i Recovery-Regeneration -.86* 23 .01
E Fatigue- Regeneration ~ 1.89* .30 .00

Based on estimated marginal means
*. The mean difference is significant at the .05 level
a. Adjustment for multiple comparisons: Bonferroni
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Serum COMP Concentrations at Post-Tests
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Figure 12. Pair-wise comparisons for different states for each group at post-test
measurements
4.2.3  Serum COMP level changes within groups at pre- and post-test

measurements

Changes of serum COMP concentrations between pre- and post-tests
measurements were also evaluated. According to multivariate tests, serum
COMP concentration during recovery did not decrease significantly in any of
the groups (Figure 13). Statistical computations showed that in the recovery
state, serum COMP concentration showed no significant main effect for Group
(F (1,40) = .13, p > .05, n*= .01), Time by Group interactions (F (3,40) = 57, p
> .05, n°=.04) and Time variable (F (1,40) = 1.39, p > .05, n’=.03) (Table 11).
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Figure 13. Pre- and post-test serum COMP level changes for each group

Table 11. Simple Effect Analysis of Time for Serum COMP Level at Recovery

Groups DF F p

Running 1 .89 .35
Cycling 1 85 .36
Swimming 1 1.06 .31
Control 1 29 .59

Statistical analysis for fatigue condition showed that serum COMP
concentration of the participants decreased significantly only in the running

group with time. (Figure 14). Multivariate test details are as follows; Serum
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COMP concentration measurement results in fatigue states showed no
significant main effect for Group (F (1,40) = .09, p > .05, n*= .01). Meanwhile,
significant Time by Group interactions (F (3,40) = 4.97, p < .05, n°= .27) and
significant main effect for Time (F (1,40) = 15.74, p < .05, n°= .28) was
obtained (Table 12).
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Figure 14. Pre- and post-test serum COMP level changes for each group.
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Table 12. Simple Effect Analysis of Time for Serum COMP Level at Fatigue

Groups DF F p

Running 1 27.2 .00
Cycling 1 3.0 .09
Swimming 1 4 .54
Control 1 A 1

During the regeneration states of pre- and post-tests, serum COMP
concentrations of the participants decreased significantly in the cycling and the
swimming groups (Figure 15). Results in the regeneration states showed no
significant main effect for Group (F (1,40) = .03, p > .05, n’= .00), or time by
group interactions (F (3,40) = .96, p > .05, n°= .07). Meanwhile, significant
main effect for Time was obtained, F (1,40) = 7.57, p < .05, (n°= .16) (Table
13).
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Figure 15. Pre- and post-test serum COMP level changes for each group.

Table 13. Simple Effect Analysis of Time for Serum COMP Level at
Regeneration

Groups DF F p

Running 1 1.5 .23
Cycling 1 4.6 .04
Swimming 1 43 .05
Control 1 .0 .96
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4.3 Serum CTX-I Concentration Measurements

Pre- and post-test serum samples were analyzed for the assessment of serum
CTX-I concentration changes at recovery, fatigue and regeneration phases.
Descriptive statistics of serum CTX-I concentrations are presented in Tables 14

and 15.

Table 14. Pre-test Serum CTX-I concentrations (ng/mL)

Recovery Fatigue Regeneration

(M+£SD) (M£SD) (M=£SD)
Running (N=11) 45+.07 49+.09 A45+.08
Cycling (N=11) 48+.10 51+.12 49£.10
Swimming (N=11) 43+ 12 46+.12 41£.09
Control (N=11) 44+ .07 A45+.06 42+.09

Table 15. Post-test Serum CTX-I concentrations (ng/mL)

Recovery Fatigue Regeneration

(M+SD) (M£SD) (M£SD)
Running (N=11) 46+.10 A48+.11 46+£.15
Cycling (N=11) .50+.14 51+.21 47+.13
Swimming (N=11) 43+.09 A46+.12 A40+.12
Control (N=11) 42+.07 48+.07 44+.07

4.3.1 Serum CTX-I level differences among groups at pre- and post-test

measurements

During pre-test measurements, serum CTX-I concentration analysis showed no
significant differences among groups at the recovery state. Also, there were no
significant differences among groups after 30 minute walking exercise. The

same consistency was also valid at the regeneration measurements. Main effect
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for group variable at recovery state (F (3,40) = .67, Sig. of F = .58), at fatigue
state (F (3,40) = .59, Sig. of F = .51) or at regeneration state (F (3,40) = 1.89,
Sig. of F =.15) are presented in Figure 16.
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Figure 16. Serum CTX-I concentrations at different states during pre-test
measurements
Serum CTX-I concentrations at the recovery state, 30 minute walking exercise
and after 30 minutes regeneration, were also not significantly different among
groups. Serum CTX-I concentration results showed no significant main effect
for the group variable during post-test measurements at the recovery state (F
(3,40) = 1.24, Sig. of F = .31), at the fatigue state (F (3,40) = .28, Sig. of F =
.84) or at the regeneration state (F (3,40) = .70, Sig. of F =.56) (Figure 17).
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Figure 17. Serum CTX-I concentrations at different states during post-test
measurements
4.3.2 Serum CTX-I level changes due to acute exercise at pre- and post-test

measurements

Multivariate tests indicate that fatigue or resting effect was not significant on
serum CTX-I concentration in all experimental and control groups.
Nevertheless, pair wise comparisons were conducted in order to assess the level
of statistical differences. Results indicated that a significant difference among

the different states of measurements was not observed in any of the groups.

Results indicated that 30 minutes of walking exercise did not affect the serum
CTX-I concentration in the running group significantly at pre-tests. Also, after
30 minutes regeneration, serum CTX-I concentration did not change

significantly in this group. Similar results were observed at post tests.
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Differences after fatigue or regeneration were not significant in the running

group. Pair wise comparisons are presented in Table 16.

Table 16. Mean differences of serum CTX-I concentration between pairs of
different states in running group.

Running Mean Std. Err.  Sig.*
Diff.

«  Recovery-Fatigue -.04 .02 37
wn
;‘: Recovery-Regeneration .00 .01 1.00
[<P]
& Fatigue- Regeneration .04 .02 .07
«  Recovery-Fatigue -.03 .02 .52
5]
?‘.ﬂ Recovery-Regeneration  -.00 .03 1.00
&£  Fatigue- Regeneration .02 .03 1.00

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni

Also in the cycling group, results indicated that there were no significant
differences among recovery, fatigue or regeneration states in the pre and the

post tests. Pair wise comparisons are presented in Table 17.

Table 17. Mean differences of serum CTX-I concentration between pairs of
different states in cycling group.

Cycling Mean Std. Err.  Sig.
Diff.

«  Recovery-Fatigue -.03 .01 .07
; Recovery-Regeneration -.01 .01 1.00
<]
& F atigue- Regeneration .02 .02 7
«  Recovery-Fatigue -.02 .03 1.00
)
i Recovery-Regeneration .03 .02 7
v
&  Fatigue- Regeneration .04 .04 .96

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni
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In swimming group, 30 minutes walking exercise did not cause any

accumulation of serum CTX-I level at pre or post tests. Similarly, 30 minutes

regeneration did not trigger elimination of serum CTX-I level. Pair wise

comparisons are shown at Table 18.

Table 18. Mean differences of serum CTX-I concentration between pairs of

different states in swimming group.

Swimming Mean Std. Err.  Sig.
Diff.

«  Recovery-Fatigue -.03 .03. 98
; Recovery-Regeneration .02 .02 .82
]
& F atigue- Regeneration .05 .03 .39
+  Recovery-Fatigue -.03 .02 17
)
E Recovery-Regeneration .03 .03 1.00
v
&  Fatigue- Regeneration .06 .03 .14

Based on estimated marginal means

a. Adjustment for multiple comparisons: Bonferroni

Serum CTX-I concentration in control group was not changed like all other

groups in any states during pre or post tests. Pair-wise comparisons are shown

at Table 19.
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Table 19. Mean differences of serum CTX-I concentration between pairs of
different states in control group.

Control Mean Std. Err.  Sig.
Diff.

«  Recovery-Fatigue -.01 .00 .19
; Recovery-Regeneration .02 .03 1.00
<]
& F atigue- Regeneration .03 .03 .84
«  Recovery-Fatigue -.05 .02 A1
)
i Recovery-Regeneration  -.02 .01 57
v
&  Fatigue- Regeneration .04 .01 .062

Based on estimated marginal means
a. Adjustment for multiple comparisons: Bonferroni

4.3.3  Serum CTX-I level changes within groups at pre- and post-test

measurements

Changes of serum CTX-I concentrations between pre- and post-tests
measurements were also evaluated. According to multivariate tests, serum
CTX-I concentration during recovery did not decrease significantly in any of
the groups (Figure 18). Statistical computations showed that in the recovery
state serum CTX-I concentration showed no significant main effect for Group
(F (1,40) = 1.22, p > .05, n2= .84), Time by Group interactions (F (3,40) = .27,
p > .05, n*= .02) and Time variable (F (1,40) = .03, p > .05, n°= .00) (Table
20).
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Figure 18. Pre- and post-test serum CTX-I level changes for each group

Table 20. Simple Effect Analysis of Time for Serum CTX-I Level at Recovery

Groups DF F p

Running 1 A2.73
Cycling 1 38 .54
Swimming 1 .00 .97
Control 1 34 .56

Statistical analysis for the fatigue condition showed that serum CTX-I
concentration of the participants did not decrease significantly in any of the
groups (Figure 19). Serum CTX-I concentration measurement in the fatigue
state showed no significant main effect for Group (F (1,40) = .63, p > .05, n’=
.05), Time by Group interactions (F (3,40) = .11, p > .05, n’= .01) and Time
variable (F (1,40) = .18, p > .05, n°=.01) (Table 21).
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Sermn CTX-I Concentration at Fatigue State
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Figure 19. Pre- and post-test serum CTX-I level changes for each group

Table 21. Simple Effect Analysis of Time for Serum CTX-I Level at Fatigue

Groups DF F p

Running 1 .00 .96
Cycling 1 .01 91
Swimming 1 01 91
Control 1 47 .50

During regeneration states of pre- and post-tests, serum CTX-I concentrations
of the participants did not change significantly in any of the groups (Figure 20).
Detailed statistics showed that serum CTX-I concentration measurement results
in the regeneration states showed no significant main effect for Group (F (1,40)
= 1.43,p > .05, n2= .10), Time by Group interactions (F (3,40) = .31, p > .05,
n’=.02) and Time variable (F (1,40) = .03, p > .05, n°=.00) (Table 22).
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Figure 20. Pre- and post-test serum CTX-I level changes for each group

Table 22. Simple Effect Analysis of Time for Serum CTX-I Level at
Regeneration

Groups DF F p

Running 1 21 .65
Cycling 1 33 .57
Swimming 1 .03 .87
Control 1 41 .53
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CHAPTERS

DISCUSSION

The purpose of this study was to compare changes of deformational behavior
and functional adaptation of articular cartilage and bone after 12 weeks
moderate amount of high-impact, impact or non-impact physical exercise

program by measuring biochemical markers of cartilage and bone degradation.

This chapter discusses effects of different exercise interventions on some
biomotor abilities and short term (deformational behavior) or long term
(functional adaptation) changes of knee articular cartilage and bone. After an
extensive literature review, two main hypotheses and six sub-hypotheses were
constructed. In the light of our findings, these hypotheses are discussed in this

chapter.

Participants of this study were 44 healthy male university students. Inclusion
criteria were no previous history of lower extremity surgery and refrainment of

regular sports activity.

Participants trained for 12 weeks according to the ACSM’s guidelines for
endurance development. All three activities were continuous cyclic exercises

but impact levels were changing from low to high.
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The results of the present study showed that all endurance exercises
significantly changed body composition and endurance capacities of
participants but changes in isokinetic strength capacity increased significantly
only in the swimming group. Biochemical marker of cartilage degeneration
(COMP) measurements showed that 30 minutes walking exercise did not
significantly increase the level of cartilage degeneration after 12 weeks of high
impact running exercise. However, level of CTX-I was not affected by 30

minutes of exercise neither in pre-post tests, nor in any groups.

5.1 Physical and Biomotor abilities of participants

General implication of all kinds of endurance exercises is decreasing body mass
index (BMI) and increasing maximum oxygen consumption (VO,max). In the
present study, groups performed three different endurance type activities for 12-
weeks. Forms of activities were different but most importantly quantitative
elements of the exercises were similar. Volume of exercises were 40 minutes
per session, densities were three days a week for 12 weeks and intensity of
exercises were 60-70 % of heart rate reserves. This amount of exercise caused a
significant decrease in BMI and a significant increase in VO,max in all
experimental groups. However, isokinetic strength significant increased only in

the swimming group.

Changes in BMI and VO;max can partially be explained by functional
adaptation (Darwin., 1872). Hippocrates, also claimed that all parts of the body
that have a function, if used in moderation and exercised in labour in which
each 1s well developed and age more slowly (Hippocrates, as cited in
Paffenbarger, 2001). Therefore improvement in maximal oxygen consumption
and decrease in fatness were expectable results. In a similar study design,

Scharhag-Rosenberger et al. (2009) observed a significant decrease in the body
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weights of healthy untrained subjects after six months of moderate intensity
jogging/walking exercises. Additionally, significant increase in VO,max
occurred at third months of intervention and continued along the 12 months
intervention. However, Scharhag-Rosenberger and collaborates did not use a
control group in their study. In our study, we applied three different exercise
interventions in three groups and additionally a control group participated in the
tests but did not attend in any physical exercise during the 12 weeks of
assessment. VO,max improved in all groups but this change was significant
only in the exercise groups. Changes of VO,max among experimental groups
were not significantly different in our study. Lieber, Lieber, & Adams (1989)
investigated the effects of run-training and swim-training at similar absolute
intensities on treadmill VO,max. In their randomized control trial, they
observed that runners, swimmers, and controls experienced a significant
increase in treadmill VO,max over the 11 1/2-week study period. However,
28% and 25% increases in VO,max observed for the runners and swimmers,
respectively; these were significantly greater than the 5% increase observed for

the controls.

In this study different types of exercises were performed for 12 weeks.
Common trait of these exercises was cyclic-endurance type of exercises.
Therefore, improvement of isokinetic strength was not a certain prospect for
our study. However, isokinetic strength increased significantly in the swimming
group. This change may be explained by the nature of aquatic resistance.
Isokinetic contraction can be produced by special designed machines but
according to Fox, Bowers, & Foss (1988) arm stroke during freestyle
swimming is a good example of natural isokinetic contraction. Moreover, some
researchers attempted to establish reliable swimming simulators which were

isokinetic dry-land swim benches or they used isokinetic swim benches as
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reliable representative of water resistance (Swaine, 1997; Konstantaki,
Trowbridge, & Swaine 1998). Our findings are also parallel with the findings of
Gehlsen, Grigsby, & Winant (1984). Although swimming is an endurance type
of sport, Gehlsen and collaborates observed that aquatic fitness programs

increased isokinetic peak torque values of knee extensor and flexor muscles.

5.2 Serum COMP levels

Differences between serum COMP levels of different groups at each state were
not statistically significant in pre-test measurements. Similarly, there were no
significant differences in serum COMP concentrations between the groups at
each state during post-test. Thirty minutes moderate walking exercise increased
serum COMP concentration in participants at pre-test measurements. After
thirty minutes walking, participants rested on o chair for thirty minutes. This
regeneration period caused a significant decrease of serum COMP

concentrations.

This kind of serum COMP responses to acute exercise was also observed by
Mundermann and her collaborates (2005). In their study, serum COMP levels
of ten adults increased significantly after 30-min outdoor walking at their self-
selected normal speed. Mundermann’s study was the first attempt to link serum
COMP concentration to physiological cyclic loading in vivo. Similar findings
were observed by Andersson et al. 2006. They observed that serum COMP
levels increased during exercise in individuals with knee osteoarthritis, whereas

levels decreased during rest.

Kersting et al. (2005) also investigated the relationship between the effect of
running on cartilage volume and serum COMP concentration. Similar to our

findings, resting COMP level was lower than fatigue serum COMP level.
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However, this elevation was not significant in their study. This contradictory
finding of the study might be related to the time of blood sampling. In their
study, Kersting and collaborates collected post-exercise blood samples 25 min
after training which was immediately after the post-activity MRI. In spite of
this delayed sampling, general findings of their study were parallel with the
findings of the present study. Multiple regression analysis showed that resting
COMP and COMP changes after 1 h running explained the variance of cartilage

volume changes.

Acute effect of physical exercise on articular cartilage was also evaluated by
MRI studies. Findings of MRI studies were generally parallel to our
biochemical measurements. Significant amount of deformational behavior after
exercise was observed morphologically in these studies. Eckstein and
collaborates (1998) mentioned a deformational behavior of articular cartilage
after repetitive knee bending exercise. After several sets of knee bending
exercises, a statistically significant decrease in cartilage volume was observed.
In a subsequent study, Eckstein et al (1999) observed a deformation of articular
cartilage after 50 knee bending ranged from 2.4 to 8.6 %. More repetition or
repeated sets of exercise with intervals did not cause further deformation.
Eckstein and his colleagues (2000) also compared the effect of dynamic versus
static loading on deformational behavior of articular cartilage. In this study,
researchers observed a significant reduction of articular cartilage volume after
dynamic or static loading. However, the volume changes were significantly
lower after static loading than after dynamic loading. The maximal thickness of

cartilage also decreased significantly due to both types of loading.

Eckstein et al., (2005) evaluated the effect of different types of activity. They

compared effect of knee bends, squatting, normal gait, running and cycling.
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Finding of this study demonstrated that knee bending as high impact loading
caused highest deformation and normal gait caused lowest deformation on
patellar cartilage deformation. This result mentioned that articular cartilage
deformation is directly dose dependent response. In contrast to Eckstein and
collaborates, in a very recent study, Niehoff et al., (2008) observed that 30 min
running exercise enhanced the serum COMP concentration but slow knee bends

did not cause any significant change.

Articular cartilage contributes to transferring enormous loads as uniformly as
possible from one skeletal segment to the next. According to Kessler et al.,
(2006) whether it manages this task when subjected to the high repetitive
loading cycles occurring during long-distance running and can remain intact is
still the topic of controversy. Therefore, in recent years, possible deleterious
effects of competitive exercises, especially long distance running, have been the
subject of interest (Hofmann,Wortler & Imhoft, 2004; Kim, Lee & Kim, 2007;
Kessler et al., 2008; Kim, Lee & Kim, 2009). Hofmann et al investigated
whether external impact loading in marathon running creates an internal stress
on bone and cartilage that are demonstrable on MRI. MR images did not
demonstrate any deleterious signs after post marathon run. Hofmann suggested
that high impact forces, created by long distance running, are well tolerated and
changes are not detected by MR images, whereas our results showed that there
is a significant degradation of articular cartilage according to elevation of
biochemical markers at serum after lower extremity exercise. In another long-
distance running study Kessler et al., (2008) refute the assertion of Hofmann.
They found a significant reduction after running even moderate distances and
also 60 minutes recovery was sufficient for significant regeneration of cartilage

volume.
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MRI studies shows that competitive long distance running decreases the
volume and thickness of articular cartilage at knee region morphologically.
From another perspective, Kim, Lee & Kim (2007) evaluated the biomarkers of
muscle and cartilage damage during a 200 km run. They measured the serum
COMP content before, midway and immediately after the race. Serum COMP
level increased 1.3-fold at 100 km and 3-fold at the finish of the 200 km
running race. This result mentioned that ultra-marathon running event may be
detrimental for articular cartilage and may increase the incidence of
degenerative conditions in later life. Kim, Lee & Kim (2009) also compared the
cartilage damage between different long distance running competitions. They
also evaluated serum COMP level changes after recovery periods. Similar
increase was observed after marathon run like ultra-marathon. However, serum
COMP level declined to the pre-race level after 2 days recovery after marathon
race. Researchers observed that serum COMP only returned to the pre-race
level on day 6. This amount of impact exercise may have detrimental effect on

cartilage and the time for recovery may extend for many days.

It seems that the physical activity causes a deformational effect on articular
cartilage. Our finding about deformational behavior of articular cartilage was
parallel with the findings of other studies. The literature presents that extremely
long duration of exercise causes more serious deformation in joint cartilage and
a longer recovery period is needed for regeneration. However, intensity of our
walking test during blood sampling is relatively lower and duration of protocol
was shorter. Our results and literature support the idea that 30 minutes of
exercise is enough to observe a significant deformation in articular cartilage and
30 minutes of resting is an adequate period for recovery. In addition to the

effect of exercise on articular cartilage, literature supports our finding about the
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high sensitivity of the COMP measurement technique as a consistent biomarker

for cartilage degeneration.

In our study, after pre-test measurements, participants were divided into four
groups randomly. Each group accomplished their groups exercise requirements
for a 12 weeks intervention period. After interventions, post-test measurements
were performed and similar serum COMP responses were observed. During
post-test measurements, thirty minutes walking exercise increased serum
COMP levels of the cycling and the swimming groups significantly. However,
this increase was not significant in the running group. Also, the serum COMP
concentration at fatigue state was significantly lower in the post-test
measurement than that of the pre-test measurement in the running group.
However, pre- and post-test serum COMP concentration difference, after thirty
minutes of walking exercise, were not significant neither in the cycling nor in

the running groups.

Although it is obvious that immobilization has a deterioration effect on
cartilage, there is no consensus on the functional adaptation ability of articular
cartilage for fitness exercise in the literature. It is known that unloading during
long space flight decreases the BMD and increases the bone fracture risks
(Lang, 2006; LeBlanc, Spector, Evans & Sibonga, 2007). Articular cartilage
also has mechanical functions like the bone tissue. Vanwanseele, Lucchinetti &
Stussi (2002) mentioned a 9% decrease in articular cartilage thickness after 11
weeks of immobilization. Also Vanwanseele, Eckstein, Knecht, Stussi, &
Spaepen, (2002) evaluated the tinning of knee cartilage. Their data showed that
progressive atrophy of human cartilage occurs in spinal cord-injured patients
because of absence of normal joint loading. Six years ago, Vanwanseele,

Eckstein, Knecht, Spaepen, & Stussi (2003) firstly reported a longitudinal
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analysis of cartilage atrophy in patients with spinal cord-injured. They reported
that human cartilage atrophies during unloading is higher than that observed in

osteoarthritis patients.

In these spinal cord-injury studies, not only skeletal unloading induced defect
was occurred, but also restricted joint motion was another possible treat for
cartilage defect. In a very recent study, Tomiya et al., (2009) investigated the
effect of long-term skeletal unloading without restriction of joint motion on the
patella. They observed that a full-thickness cartilage defect was revealed in
88.6% of tail suspended rats. Their finding shows that impact or loading is
another important component of healthy cartilage. In our study, subjects were
active and they were subjected to some different amount of impact load on
articular cartilage in addition to daily life. Parallel with the findings of the

Tomiya, we observed a better adaptation in high-impact running group.

In addition to unloading and cartilage relationship, effects of overloading and
sport-exercise on articular cartilage of animals and human with patients, healthy

subjects and athletes were also evaluated.

In preliminary studies, researchers found positive effect of exercise on articular
cartilage on animal studies. Kiviranta, Tammi, Jurvelin, Saamanen, &
Helminen, (1988) measured the local influences of physical exercise on
thickness of canine articular cartilage. Findings of their study demonstrated that
moderate running exercise locally alters the biological properties of young
articular cartilage at regions of bearing the highest loading surplus. Also, in
1993, Lammi and collaborates examined the effects of long-term long-distance
running on the metabolism of articular cartilage of young beagles. Post-test
measurements at their study showed that the articular cartilage of the femoral

head showed a great capacity to adapt to the increased mechanical loading.
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According to Hunter & Eckstein (2009), exercise has positive salutary benefits
for joint tissue in addition to its other health benefits. Also, therapeutic exercise
is an invaluable component to a comprehensive treatment program for patients
with osteoarthritis (Stitik, Gazzillo, & Foye 2007). Therefore, effects of
exercise in some arthritis patients were also evaluated. Lin, Davey, &
Cochrane, (2004) examined the effectiveness of a community-based water
exercise program on measures of self-reported health and physical function
with knee-hip osteoarthritis. Results showed that older people with knee/hip
OA gained modest improvements in measures of physical function, pain,
general mobility and flexibility after participating in 12 months of community-
based water exercise. In addition to improvements in physical function due to
physical exercise, Ross & Dahlberg (2005) also indicated that adult human
articular cartilage has a potential to adapt to loading change. Moderate exercise
may be a good treatment not only to improve joint symptoms and function, but
also to improve the knee cartilage glycosaminoglycan content, an important
aspect of the biomechanical properties of cartilage, in patients at high risk of

developing OA.

In addition to previous sports related studies, Wijayarante et al., (2008)
investigated the determinants of change in patellar cartilage volume among
healthy middle-aged women. In this study self-reported exercise was assessed
by questionnaire. Researchers observed that annual loss of patella cartilage
volume was 1.6% and age was positively associated with patella cartilage
volume loss. They also found that fortnightly participation in exercise
promoting an increased heart and respiratory rate for at least 20 min also tended
to be associated with a reduced rate of patella cartilage volume loss. Results of
their study revealed that exercise participation tends to be associated with a

reduction in the rate of patella cartilage volume loss. Similarly, Koo &
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Andriacchi (2007) claimed that individual variations in cartilage thickness can
be associated with both individual variations in joint loading associated with
activities of daily living as well as individual differences in the anatomy of the
contacting surfaces of the joint. They suggested that the dynamics of walking is
an important factor to describe individual differences in cartilage thickness for

normal subjects.

Morphologic characteristics of knee cartilage of elite athletes and inactive
subjects were compared in some studies (Muhlbauer et al., 2000; Eckstein et
al., 2002; Eckstein et al., 2006; Eckstein, Hudelmaier, & Putz 2006; Gratzke et
al., 2007). MRI results of Muhlbauer showed that mean or maximal thickness
of knee cartilage was not significantly different in triathletes when compared
with inactive volunteers. Also, Eckstein et al., (2002) could not find a
significant difference between the knee joint cartilage thickness of triathletes
and inactive volunteers. This finding is unexpected in the view of the functional
adaptation observed in other musculoskeletal tissues and seems like
controversial with our results. However, results of Gratzke et al., (2007) explain
this controversial condition somehow. In their study, weight lifters and sprinters
displayed significantly greater cartilage thickness only in patella than
nonathletic volunteers but findings suggested that cartilage thickness has much
less ability to adapt to mechanical loading than muscle. However, as mentioned
in a review of Eckstein, Hudelmaier, & Putz (2006) whereas ‘more’ muscle
provides more tensile strength, and ‘more’ bone provides higher structural
compressive and bending strength and hence better protection against fractures,
‘more’ cartilage is not known to be associated with improved mechanical
competence of joints. Therefore, functional adaptation of articular cartilage may

not be directly related with the enlargement of the cartilage morphology.
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Patellar cartilage deformation after physical exercise was compared in some
professional athletes and untrained volunteers by Eckstein et al (2006). In this
study, researchers evaluated both the effect of exercise on deformational
behavior and functional adaptation of articular cartilage. They found a
significant deformation after physical exercise. However, no significant
difference was found between athletes and non-athletic controls. Therefore,
researchers claimed that functional adaptation of human articular cartilage is
limited or not. The results of our study refute this statement. A significant
functional adaptation was observed in high impact running group in our study
as reported in some previous studies. Also finding of Qi & Changlin (2007)
supports our results and explains the weakness of the study of Eckstein and
colleagues. According to Qi & Changlin, long-time and high-intensity
movement training induces cartilage degeneration in knee joint. Within the
intensity extent applied in their study, knee cartilage degeneration caused by
light training or intensive training has no difference in MR imaging, but has a
comparatively obvious difference in biomarkers level. This finding
demonstrates that several biomarkers have a very good practical value in

detection of articular cartilage degeneration in early stages.

Fole et al., (2007) suggested that knee cartilage volume and tibial plateau are
dynamic structures that can respond to physical stimuli. Fole also claimed that
muscle strength and endurance fitness may be protective against cartilage loss.
In their longitudinal study, Racunica et al., (2007) observed that vigorous
physical activity appears to have a beneficial effect on knee articular cartilage
in healthy adults with no history of knee injury or disease. Therefore, they
concluded that a beneficial effect of physical activity for diseases associated
with aging and suggests that exercise that is good for the heart is also good for

the knees.
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5.3 Serum CTX-I levels

Similar to serum COMP concentrations, differences between serum CTX-I
concentrations of different groups at each state were insignificant in pre-test
measurements. Also, there were no significant differences between the groups
at each state during post-test serum CTX-I concentrations. In contrast to COMP
responses, thirty minutes moderate walking exercise did not increase serum
CTX-I concentration significantly in all sedentary participants at pre-test
measurements. Regeneration period after fatigue caused a slight decrease of

serum CTX-I concentrations in participants but this decrease was insignificant.

Post-test measurements showed that serum CTX-I responses to exercise were
similar to pre-test results. Post-test results showed that slight changes after 12
weeks exercise intervention were not significant in any exercise groups or the

control group.

CTX-I also is a biomarker of collagen degradation but it is specific for bone.
Everts &Buttle (2008) explained that degradation of type I and II collagen
results in release of C-terminal telopeptides. According to Garnero et al.,
(2001), CTX-I levels decreased in patients with knee OA. They suggested that
knee OA appears to be characterized by a systemic decrease of bone turnover.
In 2002, Garnero and his collaborates also observed that high baseline levels of
urinary CTX-I and CTX-II independently predict an increased risk of radiologic
progression over 4 years in patients with early RA, especially those without
radiologic joint damage. Therefore, they concluded that CTX-I and CTX-II
may be useful for identifying individual RA patients at high risk of progression
very early in the disease, before erosions can be detected radiographically. Also

in their review, Raissouni, Gossec, Ayral, & Dougados (2005) mentioned that
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high levels of CTX-I and CTX-II strongly predict the development of joint

erosions before the occurrence of radiological joint damage.

Measurement of CTX-I changes are also accepted as a useful tool of
prosecution of treatment in some arthritis. Bjarnason & Christiansen (2000)
suggested that early CTX-I measurements predict long-term preservation of
bone mass during hormone replacement therapy. Also, in their study, d'Elia et
al (2004) evaluated the effects of hormone replacement therapy on markers of
bone and cartilage metabolism in rheumatoid arthritis patients. In this study
treatment with hormone replacement therapy resulted in decrease in CTX-I and
COMP at 2 years. Researchers concluded that CTX-I reflected bone turnover
very sensitively and they suggested that biochemical markers of bone and
cartilage turnover may provide a useful tool for assessing novel treatment
modalities in arthritis, concerning both joint protection and prevention of

0steoporosis.

In spite of its high sensitivity in the diagnosis of the arthritis or prosecution of
treatment, sensitivity of bone specific biomarkers in the sport related studies are
controversial. In a preliminary study Bennell et al (1998) evaluated bone
turnover in stress fractured athletes and they emphasized that single and
multiple use of biomarkers are not clinically useful in predicting the likelihood
of stress fractures in athletes. Also Bennell et al., (1997) evaluated bone
turnover in different sports groups in a 12-month longitudinal study. Bennell et
al observed that levels of bone markers were not predictive of subsequent

changes in bone metabolism.

O’Kane, Hutchinson, Atley, & Eyre (2006) compared the sport-related
differences in biomarkers of bone resorption and cartilage degradation in

endurance athletes. As we know, only O’Kane and friends found that athletes
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in-training in different sports show significant differences in these markers. In
our study, however, we could not find a significant difference between the
levels of CTX-I in different endurance exercise groups. The main probable
reason of this finding is the fact that inactive volunteers took part in our study.
Moreover, this 12-week duration and fitness level exercises were not enough to
stimulate the accumulation of serum CTX-I concentration. Our findings are
parallel with some other researches. Creighton, Morgan, Boardley, & Brolinson
(2001) evaluated markers of bone turnover in female athletes comparing three
impact groups, high impact, medium impact and nonimpact, with sedentary
age-matched controls. In this study no differences in a marker of bone
resorption were noted. Also in a very recent study, Lester et al., (2009) sought
to determine whether aerobic, resistance, or combined aerobic and resistance
exercise programs conducted over eight weeks and compared to a control group
could produce changes in biochemical markers of bone turnover indicative of
bone formation. Similar to our findings, Lester and his colleagues did not find a
significant change in the level of CTX-I. The results of their study demonstrate
that during eight weeks physical training program CTX-I concentrations were
similar in all four groups pre-training and remained stable throughout the
training programs. This stability of CTX-I responses against the physical
exercise is also related with the sensitivity of the marker. According to
Whipplle et al., (2004), markers of bone degradation are disadvantageous
because of the lack of sensitivity and tremendous variability between
individuals. Also, Whipplle reported that there is no definite statistical data to

correlate to a gold standard when used to assess markers response to exercise.
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CHAPTER 6

SUMMARY, CONCLUSIONS & RECOMMENDATIONS

6.1 Summary

The objective of the present study was to investigate deformational behavior
and functional adaptation of articular cartilage by the changes of serum level of
Cartilage Oligomeric Matrix Protein (COMP) and C-terminal telopeptides of
collagen type I (CTX-I) during a 30-min acute exercise after 12-weeks of

regular high impact, impact and non-impact endurance exercise.

In this study, results showed that 12-weeks endurance exercise elicited
improvements of some important health related parameters in all exercise
groups. BMI of participants decreased and VO,max increased significantly in

all exercise groups.

In the analysis of serum COMP comparisons, multivariate tests indicated a
significant fatigue or resting effect on serum COMP concentration in all
experimental and control groups at pre- and post-tests. According to this
finding post-hoc pair-wise comparisons were applied. These univariate tests
indicated significant differences during post test measurements among rest,

fatigue and regeneration phases in all groups except running.
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On the other hand, multivariate analysis showed that fatigue or resting could
not elicit a significant change of serum CTX-I concentrations in any
experimental or control groups at the beginning or the end of the intervention

period.

6.2 Conclusions

In this study, experimental groups achieved significant increase in endurance
performance and they reached higher capacities on consumption of oxygen.
Also, BMI of the experimental groups decreased significantly. These
improvements are evidence of beneficial effects of regular exercise for general

health.

Also, we hypothesized that all the body systems adapt their functions according
to environmental stimulus; therefore, we expected a functional adaptation of
weight bearing articular cartilage due to regular sports activities. At the
beginning of the study, 30 minutes moderate walking activity increased serum
cartilage specific OA biomarker concentration but not bone specific OA
biomarker concentration of young sedentary men. 12 weeks regular high,
moderate or low impact physical exercise could not change the behavior of
CTX-I concentration in serum. However, weight-bearing high impact physical
exercise (running) caused a decrease in the effect of moderate activities on

serum COMP accumulation.

This kind of decrease in the accumulation of cartilage deformation marker after
12 weeks of regular high impact loading explains the functional adaptation

ability of articular cartilage to specific environmental requirements.
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According to the results of this study, regular moderate volume and intensity of
endurance exercise are recommended for general health benefits. In addition to
general health benefits, exercises like running or jogging, which create enough
stimuli for functional adaptation, are recommended for the consolidation of
articular cartilage tissue in healthy young men. Also high impact exercises can
be added into the training programs of low-impact sports athletes for their

future general health.

6.3 Recommendations

Up to date, literature focused on cartilage of animals, cartilage of patients and
differences of athletes’ cartilage from normal population. Our investigation is
one of the first cause-effect studies about the responses of the healthy human
articular cartilage. We also examined the responses of the articular cartilage

biochemically.

In this study, we examined the effect of endurance exercise on knee articular
cartilage of healthy young men. However, further studies about the effect of

exercise on human articular cartilage are necessary.

Besides the articular cartilage of healthy male, deformational behavior and
functional adaptation of females’ articular cartilage is a valuable subject to
examine because other similar tissues like muscle or bone of females have

different responses to exercise than males.

Another important issue is the maturation of participants. Responses of articular
cartilage for exercise during developmental ages should be examined in further

studies. Response of articular cartilage at developmental ages and elderly ages
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may be different. Therefore, this issue should be evaluated in different research

designs.

Moreover, we strongly encourage examining the effect of this kind of exercise
on different patient groups. We tested adaptation of healthy cartilage. In animal
models, researches showed that intact cartilage is more durable than impaired
articular cartilage. Therefore, we do not have enough evidence to recommend

the impact exercise for patients according to the findings of our study.

Effect of endurance type exercises are evaluated in this study. Effect of speed,
strength or concurrent strength-endurance fitness activities will be significant in
further studies since concurrent fitness programs have become popular for

general health in recent years.

In this study, we used biochemical markers to observe changes in articular
cartilage. Another important recommendation for further researchers is that
findings about structural changes in articular cartilage will be reinforced by

morphological examination like MR imaging.
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A. INFORMED CONSENT FORM
AYDINLATILMIS ONAM FORMU

Bu caligmanin amaci 12 hafta siire ile li¢ farkli tiirde, fakat benzer siire ve
siddetlerde egzersiz yapan yetigkin erkeklerin Elisa yontemi ile kandaki COMP
oranina bakilarak kikirdak deformasyonunun karsilagtirilmasi ve kikirdak
dokusunun, yapilan akut fiziksel egzersize karsi adaptasyon gelisiminin
karsilastirilmasidir. Olusan degisiklikler biyokimyasal isaretciler kullanilarak
gozlemlenecektir. Bu calismanin sonuglari, literatiirde eksik kalan diizenli
egzersiz ve kikirdak yapisi arasindaki iliskiyi ortaya koyacaktir. Literatiirde yer
alan ¢alismalarda goze carpan eksikliklerden: tek grupla yapilan veya tek tip
egzersizle yapilan kesitsel ¢aligmalarda eksik kalan farkli antrenman tiirlerinin
ve adaptasyonun etkisi bu ¢alisma ile doldurulacaktir.

Testler ODTU, Saglik ve Rehberlik Merkezi laboratuvarlarinda
gergeklestirilecektir. Katilimeilar 7 farklr teste ilk-test ve son-test olmak {izere
12 hafta ara ile toplam 2 kez girecek olup 6l¢iimler yaklasik 4 saat siirecektir.
Olgiimlerde VO,max, Izokinetik kuvvet, eklem pozisyon algilamasi, iki farkli
turde viicut kompozisyonu, kemik mineral yogunlugu, esneklik ve kanda
kikirdak isaretleyicilerini inceleyen tesler yapilacaktir.

Bu aragtirmada Oolgiilecek olan saptanacak olan kemik mineral kaybinin
belirtileri erken yaslarda alinmasi gereken Onlemlerle ilgili size rehber
olacaktir. Ayrica aragtirmanin bulgular1 bagka insanlarin yararina kullanilabilir.
Yukarida yer alan ve aragtirmadan Once goniilliiye verilmesi gereken bilgileri
gosteren Aydinlatilmis Onam Formu adli metni kendi anadilimde okudum ya
da bana okunmasini sagladim. Bu bilgilerin igerigi ve anlami, yazili ve sozli
olarak agiklandi. Aklima gelen biitiin sorulari sorma olanagi tanindi ve
sorularima doyurucu cevaplar aldim. Calismaya katilmadigim ya da katildiktan
sonra ¢ekildigim durumda, hicbir yasal hakkimdan vazge¢cmis olmayacagim.
Bu kosullarla, s6z konusu arastirmaya hi¢bir baski ve zorlama olmaksizin
goniillii olarak katilmayr kabul ediyorum. Bu metnin imzali bir kopyasini
aldim.

Goniilliinlin Adi- Soyadi:

Yas ve Cinsiyeti:

Imzas:

Adpresi (varsa telefon ve/veya fax numarasi):

Tarih:

Aciklamalar1 Yapan Arastirmaci- Hekimin

Adi- Soyadt:

Imzas::

Gorevi:

Tarih:
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C. DATA COLLECTION SHEET

Date :..../..../ 2007

Group S D C [:] R [:] Co [:]

Name, Surname
Weight

Height

Date of Birth

Dominant Leg

Lower Extremity Injury : Yes D No D
Resting Heart Rate :

Supine Blood Pressure

140



D. VO;max EVALUATION SHEET

) - RMANS TEST BULGULARI

Last Name: ) First Name:

L]
Identification: 205-30 Date of Birth: 11.03.1985
Sex: male Height: 172,0 em
Weight: 15,0 kg Age: 22 Years
Rel. Weight: 104 % BSA: 1,88 m?
BMI: Free text:
Summary AT AT Marker Last Resting MaxVo2
&VO0Zm No. 17 load
Time averaging 5 Seconds
Time min 14:05
VTex L 2.843
VTin L 2.724
t-tot s 3 0 5
t-ex s 0.556
t=in ] 0.55
FICO2Z % -
FI02 % 20.88
% 75
% 3.86
% 5.42
% 17.862
L 16.31
ml/min 4344
ml/min 3481
VO2/kg ml/min/kg 46.4
02 /HR ml 0.0
BF 1/min 54
L/min 154
1.25
ml 0.00
ml 0.00
a0z /dw ml/min/Watt 11.55
t-ph min 11:07
st Slo V/s 0
PECOZ kPa 3.25
PETCO2 kPa 4.57
PEQ2 kPa 14.85
PETOZ kPa 13.74
EqC02 33.1
EqO2 41.3
BR 3 =
Lac mmol /L 0.0
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E. ISOKINETIC STRENGTH EVALUATION SHEET

Mame:

Birth Date;
HL

W
Gendar

Comprehensive Evaluation

| Session:

205-28 rvvalved:
(dd MM.yyyy) Clinician:
Referal:
7.0 Joint:
Male Diagnosis:

# OF REPS: Right 5
# OF REF;S-: LU'FI 5
PEAK TORQUE . WM I
PEAK TQBW | L .
TIE TO PH TG [ MESEC I
ANGLE OF PKTQ | DEG |
10RO G WODES | MM
TORQ@ 0.1BSEC | MM
COEFF. OF VAR, £
MAX REP TOT WORK J
MAX WORK REP # l l.
WRKBODYWEIGHT ] % )
TOTAL WORK . .
WORK FIRET THIRD | o
i WORK LAST THIRE I o
WORK FATIGUE | %
AVG, POWER -WI-T‘I"S.
ACCELERATION TIME - MEHEC .
DECELERATION TIME MSEC
ROM [ DEG .
AVG PEAK TQ . N

AGDHANTAG RATID | %

21.05.2007 17:29:38
None

Knoo
EXTENSION
&0 DEG/SEC
2376 | 2434 24
3007 [ 308.1
4200 . 00 |
150.0 [ 148.0
0.0 [ 0.0 . 0.0
1881 - 219.2 . 185
63 . T3 .
ay . 236.2 I 5.3
] . 3 . .
[ |3 | 2681 I
“101&9 | 10887 I -6.8
3559 5.5 .
3154 3332
1.4 138
1525 | 1606 . 5.3
200 0.0 .
0.0 400
852 BE.1
2208 | 2207
534 44.8 l GiE1LD

Windowing,
Prolocol:
Patiern:
Maode:
Contraction
GET:
FLEXION
60 DEG/SEC
UMIVOLVED  VOLVED
it LEEf
126.8 [ 1081
1605 . 138.0 .
580.0 [ 490.0 .
1240 [ MeG .
oo - 0.0 .
522 . g92.4
68 l 2.2
1381 . 1306 .
1 | 1
748 1653 .
65008 . 5969 .
2425 . 2187 .
1834 . 1822
244 71
953 B6.%
40.0 30.0
40.0 30.0
832 BB
118.2 1051

None

Isckinetic Bilateral
Extension/Flexion
Isokinetic

CONICON

18 N-M at 90 Degrees

ae

0.2

54

83

S8

Birien Madoad fev 331 DATA2000
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F. TURKCE OZET

FARKLI DARBELERDEKI EGZERSIZLERIN EKLEM KIKIRDAGININ
DEFORMASYONEL DAVRANISINA VE FONKSIYONEL
ADAPTASYONUNA ETKISI

Giris

Yaklagik 140 yil once, {lnlii biyolog Charles Darwin (1872) dokularin,
yapilarini ¢evresel etkilere kars1 koruyabilmelerini veya gelistirme becerilerini
“Fonksiyonel Adaptasyon” olarak adlandirmisti. Bu adaptasyon, merkezi sinir
sisteminde ve i¢ organlarda ortaya ¢ikabilecegi gibi, mekanik gorevler iistlenen

kemik ve kas dokularinda da gozlenmektedir (Eckstein, Hudelmaier, & Putz,

2006).

Kikirdak dokusu da kemik ve kas dokular1 gibi, bedenin gergeklestirdigi
hareketlere bagl olarak, agirlik tasimakta veya carpmalara maruz kalmaktadir.
Gilinliikk dongiisel hareketler insanlarin en ¢ok alt ekstemitelerinde yiik
olusturmaktadir ve bu bdlgedeki eklemler yilda ortalama bir ila dort milyon kez
vuciit agirhigimi tasiyacak dongiisel hareket gergeklestirmektedir (Barker &
Seedhom, 1997; Seedhom & Wallbridge, 1985). Yapilan diizenli sportif
aktivtelerle bu rakamlarin daha da artacagi aciktir. Bu kadar yiiksek oranda
fiziksel etkiye maruz kalmasina ragmen, insan kikirdaginin fiziksel egzersizlere
olan reaksiyonlar1 son zamanlara kadar yeterince arastirilmamisti. Giliniimiize
kadar, bu konuda en popiiler arastirmalar hayvan c¢alismalari ile sinirli kalmas,
insan kikirdaginin egzersize gostermis oldugu cevaplari arastiran c¢aligmalar

oldukca sinirl sayida kalmisti.

143



Kikirdak dokusunun fonksiyonel adaptasyonu ile ilgili ¢alismalarin kisith
kalmasmin temel sebepleri eklemlerin karmasik yapist ve kikirdak
degerlendirme yontemlerinin kolay uygulanamamasi ve 6l¢giim hassasiyetinin
yeterince gelismemis olmas1 idi. Fakat gilinlimiizde kikirdak dokusunun
morfolojik yapisin1 ve degisimlerini oldukca giivenilir sekilde gosteren
magnetik rezonans goriintiileme teknikleri ve yapisal degisimlerini gdsteren son
derece gecerli ve giivenilir biyokimyasal isaretleyiciler gelistirilmistir. Bu
yenilikler sayesinde, giiniimiizde artikular kikirdakta olusan yapisal ve

morfolojik degisimleri hassas sekilde belirlemek miimkiin hale gelmistir.

Bu yeni degerlendirme metodlari kullanarak yapilan giincel caligmalar
genellikle artrit hastalarinda egzersiz tavsiyelerinin etkinligini degerlendirmek
tizere yapilmig calismalardan olugmaktadir (Gordon, 1993; Zhang ve ark.,
2008). Bu tavsiyeler hastalara diizenli olarak yapilan aerobik dayaniklilik, kas
kuvveti ve esnekligi gelistirici caligmalar1 Onermektedir. Benzer tavsiyeler
genel saglhigin korunmasi ve iyilestirilmesi i¢in de onerilmistir (ACSM, 2001;
Cavill, Kahlmeier & Racioppi, 2006). Tiim bu tavsiyelerde kosu, bisiklet ve
yiizme hem genel saglikta hem de osteoartritlilerin rehabilitasyonunda en ¢ok

ismi gecen egzersiz tiirleri olarak gdze carpmaktadir.

Sonug olarak, farkl: siire, siddet veya siklikta yapilansa bile bu tiir egzersizler
halk saglig1 ve osteoartritlilerin rehabilitasyonu i¢in tavsiye edilmektedir, fakat
bu egzersizlerin saglikli insan kikirdagina etkileri net olarak ortaya
konulamamistir. Onceki ¢aligmalar, hayvan modelleri, kadavra degerlendir-
meleri veya sporcu gruplarinin farklarini ortaya koymak ile sinirl kalmistir. Bu
calisma, genel saglik i¢in en sik tavsiye edilen egzersiz tiirlerinin ayni siddet,
hacim ve siklikta uygulandiginda insan diz eklem kikirdaginda olusturdugu

degisiklikleri ortaya ¢ikarmak iizere tasarlandi.

144



Bu amagla iki temel konu sorgulandi:

1. 12 hafta siire ile diizenli olarak yapilan ve diz ekleminde farkli
seviyelerde carpma etkisi olusturan ii¢ farkli spor dalinin diz
kikirdaginin deformasyonel davranigina etkisi nedir?

2. 12 hafta siire ile diizenli olarak yapilan ve diz ekleminde farkli
seviyelerde carpma etkisi olusturan ii¢ farkli spor dalinin diz

kikirdaginin fonksiyonel adaptasyonuna etkisi nedir?
Materyal ve Metod

Bu c¢alisma, 12 hafta siire ile diizenli olarak yapilan yiliksek ve orta ¢arpma
etkisi olusturan ve hi¢ carpma etkisi olustumayan fiziksel egzersizlerin diz
eklem kikirdaginin deformasyonel davranisina ve fonksiyonel adaptasyonuna

olan etkisini aragtirmak tizere planlandi.

Konunun arastirilmast i¢in randomize kontrollii bir arastirma tasarimi
kullanildi. Bu c¢alismaya toplam 48 saglikli erkek katilimci ile baslandi.
Katilimcilarin yaslar1 19-25 arasiydi. Katilimcilar ¢alismada goniillii olarak yer
aldi. Bu katilimcilarin 36 tanesi egzersiz grubu, 12 tanesi ise kontrol grubunda
yer aldi. Katilimcilarda aranan genel 6zellikler; saglikli erkek olmalari, sedanter
bir yasam tarzlarinin olmasi ve spor ge¢mislerinin olmamasiydi. Calismaya
katilimi1 engelleyen kriterler; osteoartrit, romatoidartrit gibi inflamatuvar
hastalig1 olmalar1, son alt1 ayda alt ektremitelerde kemik kirig1 yasamis olmalar1
ve ilag veya alkol bagimlis1 olmalartydr. Iki katilimci galigmanin egzersiz
periyodunda, iki katilimc1 da biyokimyasal analizler sirasinda calismadan

¢ikarildi.
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Tiim katilimcilar ¢calismanin basinda ve sonunda bir dizi teste tabi tutuldular.
Tiim testler Orta Dogu Teknik Universitesi laboratuvarlarinda gergeklestirildi.

Testler fiziksel uygunluk testleri ve kikirdak degerlendirme testleriydi.

On-testlerin ardindan egzersiz grubunda yer alan 36 katilimer rastgele drneklem
yontemi ile esit tic gruba ayrildi. Bu gruplar: yiiksek carpma etkisine sahip kosu
egzersizi yapacak grup, orta seviyede carpma etkisine yaratan bisiklet egzersizi
yapacak grup ve diz ekleminde c¢arpma etkisi yaratmayan yiizme egzersizi

yapacak gruptu.

Tim egzersiz gruplari, her seans1 40 dakika siiren, haftada ii¢ giinliik egzersiz
programlarina 12 hafta siireyle diizenli olarak katildilar. 40 dakikalik egzersiz
seanslari, 5 dakika 1sinma, 30 dakika ana set ve 5 dakika soguma evrelerinden
olustu. Egzersizlerin igerigi American College of Sport Medicine’s (ACSM)
kilavuzlarinda belirtilen kriterlere gore diizenlendi (ACSM, 2001) ve egzersizin
siddeti Karvonen formiilii kullanilarak her katilimcinin bireysel kalp atim hizi
rezervinin %60-70’inde yapilacak sekilde ayarlandi (Bompa, 1999, syf.87).
Yiizme egzersizleri olimpik yiizme havuzunda, kosu ve bisiklet egzersizleri ise
laboratuvar ortaminda kosubandi ve bisiklet ergometresi lizerinde yapildi.
Egzersizler siiresince kalp atim hizlar1 kaydedildi. 12 haftalik egzersiz
uygulamasi siiresince kontrol grubu herhangi bir sportif faaliyete katilmadi,

ayrica glinliik faaliyetlerine herhangi bir kisitlama getirilmedi.

12 haftalik antrenman periyodunun ardindan son-testler uygulandi ve tiim
katilimcilar on-testlerde uygulanan fiziksel uygunluk olgiimlerine ve kikirdak

degerlendirme Ol¢timlerine tekrar tabi tutuldular.

Katilimeilarin fiziksel uygunluk degerlendirmeleri, vuciit kitle indeksleri (VKI),

maksimum oksijen kullanma kapasiteleri (VO.max) ve maksimum izokinetik
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kuvvetleri Olgiilerek ve 12 hafta sonunda bu parametrelerdeki degisimler
karsilastirilarak yapildi. Vuciit kitle indeksi, vuciit agirhiginin, boyun karesine
boliinmesiyle hesaplandi (Heyward & Stolarczyk 1996). Katilimcilarin
VO.max’1 standart Bruce protokolii (Bruce, Kusumi & Hosmer 1973)
uygulanarak, VIASYS Healthcare ergospirometry line, the MasterScreen CPX
(Wuerzburg, Almanya) sistemleri ile direk olarak 6l¢iildii. VO,max degerleri
ml/kg/dak cinsinden ifade edildi. Izokinetik kuvvet dlgiimleri Biodex Sistem
Dinamometresi (Biodex Medical Inc, Shirley, NY) kullanilarak 6l¢iildii.
Katilimcilar dominant bacaklari ile 60 /sn lik agisal hizla toplam bes tane
biikiilme ve diizelme hareketi gergeklestirdiler. Olgiimlerde kuadriseps kas
grubunun ulastif1 en yiiksek torkun vuciit agirligina oran1 (PT/VA) maximum

izokinetik kuvvet olarak kabul edildi.

Katilimeilarin kikirdak yapilarinda olusan degisimler, biyokimyasal osteoartrit
isaretleyicilerinden kikirdaga o6zel Kikirdak Oligomerik Matriks Protein
(KOMP) ve kemige 6zel Tip-I kollagenin C-terminal Telopeptidlerin (CTX-I)
kullanilarak degerlendirildi. Bu isaretleyicilerin kandaki yogunluklarinin farkli
yorgunluk ve dinlenme seviyelerinde, 6n ve son testlerdeki degisimleri
karsilastirildi. Kan alim ve isleme prosediirii Munderman’dan (2005) modifiye

edildi.

Katilimcilar kan testlerine gelmeden 48 saat once fiziksel olarak yorucu olan
faaliyetlere ara verdiler. Kan testine gelen katilimcilar 15 dakika sandalyede
oturarak dinlendi. Ardindan katilimcilara orta siddette yarim saatlik yliriime
egzersizi yaptirildi. Bu egzersizin hemen dncesinde, hemen sonrasinda ve yarim
saatlik oturarak dinlenme sonrasinda 5 mililitre vendz kan Ornegi alindi.
Serumu ayristirilan kan 6rnekleri biyokimyasal analizler yapilana kadar -80°C’

de korundu.
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Biyokimyasal isaretleyicilerin konsantrasyonlar1 &zel bir enstitide ELISA
yontemi kulanilarak analiz edildi. Bu analizlerde KOMP ve CTX-I
konsantrasyon degerlendirmeleri  biyokimyasal kitlerin {ireticisi olan
kuruluglarin belirttigi prosediirlere uygun olarak gerceklestirildi (sirasiyla,
COMP® ELISA; AnaMar Medical AB, Lund, Isve¢ ve Serum CrossLaps®
ELISA; Immunodiagnostic Systems Nordic A/S, Herlev, Danimarka).

[statistiksel analizler SPSS programi kullanilarak yapildi. Toplanan fiziksel
uygunluk ve biyokimyasal verileri ayr1 ayr1 4x2 (grup ve zaman) “mixed
repeated measures ANOVA” tasarimi ile test edildi. Post-hoc testler Bonferroni

diizeltmeli eslestirilmis ¢ testi kullanilarak yapildi.
Sonuglar

Fiziksel Ol¢lim sonuglari, katilimcilarin her grupta benzer 6zelliklere sahip
oldugunu gostermistir. Tiim katilimcilart saglikli geng erkekler olan bu
calismada VKi’ler tiim gruplarda normal smrlar iginde yer almaktaydi. 12
hafta siiresince kosu grubunun antrenmanlara katilimi %86, bisiklet grubunun

%84, yiizme grubunun ise %90 d1.

Normal aralikta yer alan VKI degerlerinde 12 hafta antrenman programi
sonunda tiim egzersiz gruplarinda anlamh seviyede diisiis gozlendi (p < 0.05).
Ayrica dayaniklilik performansi dlgiimleri, diizenli dayaniklilik egzersizlerinin
oksijen kullanma kapasitesini anlamli olarak gelistirdigini gosterdi (p < 0.05).
12 hafta sonunda kosu grubunda VO,max degerleri 10.6%, bisiklet grubunda
6.2%, ylzme grubunda ise 12.0% arttig1 gézlemlendi. Kontrol grubunda ise
VKI ve VO,max degerlerinde anlamli bir farkliliga rastlanmadi. Izokinetik
kuvvet Olciimleri, 12 haftalik dayamiklilik tiirli egzersizin sadece yiizme

grubunda kuvvet degerlerini anlamli olarak artirdigini gosterdi (p < 0.05).
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KOMP verilerinin analizi yarim saatlik ylirlime egzersizinin, saglikli geng
sedanter erkeklerin diz eklem kikirdaginda deformasyonel bir davranisa sebep
oldugunu gosterdi (p < 0.05). 12 haftalik egzersiz sonunda yarim saatlik
yiirlime egzersizinin yiiksek ¢arpma etkisine sahip kosu egzersizi yapan grupta

artik deformasyonel bir davranisa sebep olamadig1 gézlemlendi (p < 0.05).

CTX-I verilerinin analizi yarim saatlik yiirlime egzersizinin, saglikli geng
sedanter erkeklerin kemige 0Ozel osteortrit isaterleyicisi olan CTX-I
konsantrasyonuna etki etmedigini gosterdi. Ayrica, 12 haftalik egzersiz
sonunda da yarim saatlik yiirime egzersizinin hi¢bir grupta CTX-I birikimine

sebep olmadig1 gozlemlendi.
Tartisma

Egzersiz gruplarinda yer alan katilimcilar 12 hafta siiresince ACSM tavsiyeleri
dogrultusunda dayaniklilik egzersizleri yapti. Bu egzersizlerin tamami
devinimsel hareketlerden olusan aerobik tipte egzersizlerdi fakat diz ekleminde

olusturduklar1 ¢garpma etkisi biribirinden farkliydi.

Calismanin sonuglar, tiim egzersiz tiirlerinin VKI degerlerini diisiirdiigiinii,
VO,max degerlerini ise arttirdigim gosterdi. Izokinetik kuvvet ise sadece
ylizme grubunda artti. Bu bulgular, 12 hafta siireyle yapilan egzersizin, sporun
fiziksel uygunluk parametreleri iizerindeki etkilerini genel olarak yansitacak
sekilde uygulandigim1  gdstermektedir. VKI  ve VO,max degerlerinde
gozlemlenen degisimler kismen fonksiyonel adaptasyonla agiklanabilir
(Darwin, 1872). Bu bulgular giincel literatiirle de paralellik gostermektedir.
Cok yeni bir ¢alismada, Kindermann (2009) bizim tasarimimiza benzeyen bir
arastirmada 12 haftalik diizenli aerobik egzersizin bazi fiziksel uygunluk

parametrelerine etkisini arasgtirmistir. Kindermann ¢alismasinda yaptigi ara
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Olciimlerde, VO,max degerlerinde anlamli bir artisa iiclincli ayda ulagildigini,
vuciit agirliginin ise altinci ayda anlamli olarak diistiiglinii gézlemlemistir.
Benzer bir ¢alismada Lieber, Lieber, & Adams (1989) 11.5 hafta siire ile
yapilan kosu ve yiizme egzersizinin kosu bandi iizerinde yapilan VO,max
testine olan etkisini arastirmislardir. Bu g¢alismada da arastirmacilar bizim
calismamizda oldugu gibi yaklasik 12 haftalik antrenmanin VO;max degerini
anlamli olarak artirdigin1 gozlemlemislerdir. Bu calismada tiim egzersiz
gruplar1 dongilisel hareketlerden olusan dayamiklilik egzersizleri yaptilar.
Dolayistyla bu tiir bir antrenman programinin, izokinetik kuvvetin artigina
sebep olmasi her zaman beklenen bir bulgu degildi. Bu tiir bir adaptasyon su
sporlarinin dogasinda bulunan izokinetik benzeri akuatik dirence karsi yapilan
egzersizin sebep oldugu bir gelisim olarak degerlendirilebilir. Izokinetik kas
kasilmast 6zel olarak tasarlanmis makinalarla olusturulabilen bir direng tiirii
olmakla beraber Fox, Bowers, & Foss’e (1988) gore dogada isokinek kasilmaya
benzer verilebilecek en iyi 6rneklerden birisi ylizme hareketindeki kulaglardir.
Yiizme grubunda gozlenen izokinetik kuvvetteki artisin bu benzerlikten

kaynaklanmig olabilecegi diisiiniilmektedir.

On-testlerde yarim saatlik egzersizin, saglikli genc sedanter erkeklerin serum
KOMP konsantrasyonlarin1 anlamli olarak artirdigi gézlemlendi. Bu bulgu
literatiirle paralellik bir bulgudur. Akut kosu egzersizinin serum KOMP
konsantrasyonunu anlamli olarak artirdigini Kersting ve arkadaglar1 (2005)
daha 6nce belirtmiglerdi. Ayn1 yil Mundermann ve ekibi (2005) daha hafif bir
egzersiz olan giinliikk yliriime hizinda yarim saatlik egzersizin bile serum

KOMP konsantrasyonunu anlamli olarak artirdigin1 gézlemlemislerdir.

Ayrica, akut egzersizin kikirdagin morfolojik yapisina olan etkileri de farklh

arastirmacilar tarafindan arastirilmistir. Bu tiir MR caligmalarinin bulgulari,
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genellikle biyokimysal isaretleyici bulgular1 ile paralellik gdstermektedir.
Eckstein ve arkadaslar1 (1998) ¢ok tekrarli diz biikme hareketi yapan bireylerin
MR goriintiilerinde, kikirdak kalinliginda gecici olarak anlamli miktarda
incelme oldugunu goézlemledi. Sonraki yil, Eckstein ve arkadaglari (1999)
yapilan farkli egzersizlerin ardindan kikirdak kalinligimin farkli miktarlarda
inceldigini ortaya koydu. Bu bulgu kikirdakta gbézlemlenen deformasyonel
davranigin  yapilan egzersizin ¢arpma dozuna gore degistigini de

gostermektedir.

12 hafta sonunda yarim saatlik yliriiyilis egzersizinin, yiiksek ¢carpma etkisine
sahip kosu egzersizi yapan grupta serum KOMP seviyesini, dolayisiyla
kikirdagin deformasyonel davranisini azalttigt gézlemlendi. Gozlemlenen bu
degisim kikir dokusunun fonksiyonel adaptasyonu olarak degerlendirilebilir.
Literatiirde eklem kikirdaginin fonksiyonel adaptasyonu ile ilgili ortak bir kant

yoktur.

Eklem kikirdaginin fonksiyonel adaptasyonu ile ilgili olarak ilk caligmalar
hayvan denekler iizerinde yapilan calismalardi. Kiviranta ve arkadaslariin
(1988) fiziksel egzersizin atlarda lokal olarak kikirdak dokusunu nasil
etkiledigini arastirdiklar1 ¢aligmalarinda en fazla adaptasyonun, eklemin yiik
tasiyan bolgelerinde meydana geldigini gozlemlediler. insan deneklerle yapilan
caligmalar ise genellikle elit sporcularin eklem kikirdak morfolojileri ile
sedanter bireylerin eklem kikirdaklarinin karsilastirilmasi yoluyla yapilmaya
calisildi. Muhlbauer ve arkadaglari (2000) elit triatletlerin ortalama veya
maksimum diz kikirdak kalinliklarinin sedanter bireylerden anlamli olarak
farkli olmadigim1 gozlemledi. Fakat Muhlbauer’in arastirmasinin ve benzeri
caligmalarin zayif yonii, elit sporcularin bu eklemlerinde meydana gelen asiri

yiiklenmenin fonksiyonel adaptasyonun negatif yonde gelisme ihtimalini goz
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ardi1 etmeleriydi. Ayrica elit sporcularin genetik yapilarindan gelen farkliliklar
kimi zaman antrenmanla degistirilebilecek 6zelliklerden daha fazla belirleyici

farkliliklar dogurabilecegi goz oniine alinmasi gereken etkenlerdendir.

Bu aragtirmacilarin aksine, giincel c¢aligmalar bizim c¢alismamizda ortaya
konulan bilgileri dogrulamaktadir. Foley ve arkadaslar1 (2007) diz kikirdak
ekleminin dinamik bir yap1 oldugunu ve fiziksel egzersize olumlu cevaplar
verdigini savunmustu. Ayrica Foley, kas kuvveti ve dayaniklilik antrenmaninin
kikirdak kaybina karsi koruyucu etkisinin oldugunu savunmustur. Ayrica,
boylamsal bir calismada Racunica ve arkadaslar1 (2007) siddetli fiziksel
aktvitelerin sakatlik ge¢cmisi olmayan saglikli bireylerde kikirdak sagligi i¢in

faydali oldugunu ortaya koymuslardir.

Kemik dokusuna 6zel osteoartrit isaretleyicisi olan CTX-I verileri yarim saatlik
ylriiylis egzersizinin, bu biyokimyasalin serumdaki artisim1 tetikleyecek
siddette veya siirede bir uyarici etkiye sahip olmadigini gosterdi. 12 haftalik
egzersiz sonunda da CTX-I verileri 6n testlerle paralel sonuglar gdstermistir. Bu
sabitligin sebebi osteoartrit ve romatoid tedavisinin takibinde oldukca etkili
olan CTX-I (Bjarnason & Christiansen, 2000) degerlendirmelerinin, sporla
ilgili caligmalarda yiiksek standartlarda hassasiyete sahip olmadigidir (Whipplle
ve ark. 2004).

Sonug¢ ve Oneriler

Bu calismada, tiim egzersiz gruplarinda dayaniklilik performans: anlamli
seviyede artti ve katilimcilar daha yiiksek oksijen kullanma kapasitesine
ulastilar. Ayrica tiim egzersiz gruplarinda VKI degerleri anlamli olarak diistii.
Bu gelismeler, diizenli olarak yapilan fiziksel egzersizlerin genel saglik {izerine

olumlu etkilerini gostermektedir.
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Bu ¢aligmanin en 6énemli hipotezi, tiim diger dokular gibi kikirdak dokusunun
da gevresel uyaranlara karsi fonksiyonel bir adaptasyon gdstermesi idi. On-
testlerde spor ge¢misi olmayan katilimcilarin diz eklem kikirdaginin yarim
saatlik yiiriylis sonucunda deforme oldugu go6zlenmistir. Hipotezimizi
sorgulamak icin diz ekleminin hareketli oldugu 12 haftalik egzersizler
uygulandi. Uygulanan bu programin sonucunda 30 dakikalik egzersizin diz
eklemine en c¢ok darbeyi olusturan kosu grubunda artik deformasyona sebep
olmadig1 gozlemlendi. Bu bulgu, eklem kikirdak dokusunun da fonksiyonel

adaptasyon gelistirme yetenegini ortaya koymaktadir.

Bu calismanin tiim bulgular1 diizenli olarak yapilan orta siddet ve hacimdeki
dayaniklilik egzersizlerinin, genel sagligin gelistirilmesi igin tavsiye
edilebilecek nitelikler tasidigini gostermektedir. Genel saglik tavsiyelerine ek
olarak, bu ¢aligmanin bulgular1 gostermektedir ki, vuciit agirligini tasiyarak
yaptigimiz  egzersizler diz kikirdak ekleminde fonksiyonel adaptasyon
gelistirebilecek miktarda uyar1 olusturmaktadir. Bu tiir egzersizlerin, geng
erkekler i¢in kikirdak dokusunun yapisini giiglendiren bir etkiye sahip oldugu
sOylenebilir. Ayrica, bu tiir yiiksek darbeli egzersizlerin, viicut agirliginin
tasinmadigr spor dallarinda miicadele eden sporcularin kikirdak saglig
acisindan, genel antrenman programlarinin igerisinde yer ayrilmasi tavsiye

edilebilir.

Bu c¢alismanin smirhiliklar1 sadece geng, saglikli, erkek katilimcilardan
olusmasi, sadece dayaniklilik antrenmanlarinin uygulanmasi ve sadece yapisal
degisimlerin degerlendirilmesi idi. Bu yiizden, ileride yapilacak c¢aligmalarin
farkli gruplarda, farkli antrenman tiirlerinin kikirdakta olusturdugu sekilsel ve

yapisal degisimlerin degerlendirildigi caligmalar olmasi tavsiye edilebilir.
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