Connective Tissue and Immobilization

Key Factors in Musculoskeletal Degeneration?

TaPIO VIDEMAN, M.D.

Periarticular connective fissue is one important
part of the musculoskeletal system. Its unigque
ability 1o adapt 1o the shortest distance between
its origin and insertion, however, produces harm-
ful etfects during immobilization. All situations
that lead to immobilization can cause some degree
ol degenerative chan%e in the musculoskeletal
system. Yy hen immobilization, whatever its cause,
cannot be avoided, every attempt should be made
to minimize it and to try to treat its harmful ef-
fects. There is some evidence that early mobiliza-
tion, traction, and continuous passive motion
overcome the harmful effects of immobilization,
but more knowledge on this subject is needed. An-
imal experiments play an important role in the
attainment of knowledge of immobilization and
maobilization processes in health and disease.

One of the major sources of human func-
tional limitation is osteoarthritis (arthrosis);
however, the information available as to the
cause or prevention of this condition 1s defi-
cient, It has been claimed that osteoarthritis
15 not one disease, but an end condition of
many diseases.® More information is needed
about (1) the euologic factors involved (al-
though sometimes injunes or inflammatory
processes can be identified as causes), (2) the
pathogenic chain of events (what changes in
which tissue are important, what appears
first, efc.), and (3) at the very least, relevant
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methods to evaluate the degree of the condi-
tion. The status of the penarticular tissues
must be important.

The shninking of scar tissue is a common
phenomenon that is not fully understood,
but can be related to collagen fiber orienta-
tion and its interaction with altered glycos-
aminoglycans. The amount of shrinkage is
determined by the shortest distance between
the insertions of the structure in question.
This phenomenon is important and is useful
for ensuring the stability and proper function
of the dynamic musculoskeletal system.
During immobilization, connective tissue
reacts principally in the same way. It adapts
to the shortened functional distance between
the capsular origin and insertion; /.€., the
capsule becomes tight.

Much is known about cartilage and joint
structures, but that knowledge has not been
useful in everyday medical practice. This
state of affairs is understandable because
structural changes are end results after meta-
bolic and functional disturbances and the
morphology does not reflect the acute situa-
tion. There is increasing interest, however, 1n
developing sensitive methods for evaluating
function. Such interest has been supported
by many animal experiments and also re-
flects the importance of soft tissues (capsules,
ligaments, fascias and muscles) in the patho-
genesis of bone and joint diseases.”'® The
objective of this presentation is 10 review
briefly the results of some basic experimental
studies on this subject.
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FiGs. 1A AND 1B. (A) Macroscopic picture of the distal end of the femur; the soft periarticular tissues
liave been removed to show the unusual bone and cartilage formation after periodic immeobilization. (B)
Foentgenogram of rabbit knee that was immobilized for one week at four different times; moderate
osteoarthritic changes can be seen

EXPERIMENTAL EVIDENCE

Immobilization of the knee in extension
has been used as an experimental method to
produce irreversible, progressive osteoar-
thritic joint changes (Fig. 1). The compres-
sion between articular surfaces increases in
the immobilized knee and reaches a level
three times greater than the initial level after
four weeks of immobilization. Thereafter it
decreases to below the initial level (Fig. 2).°
The increase is accompanied by shrinkage of
periarticular soft tissues and a marked in-
crease in the synthesis rate of collagen® and
elycosaminoglycans' (Figs. 3 and 4). The
manyfold increase in synthesis rates can also

be seen in the increased contents of fibrous
tissue in the histologic pictures (Fig. 3). In-
creased fibrosis of periarticular tissues, carti-

lage proliferation at joint edges, atrophy in
weight-bearing areas, and regional bony
eburnation, sclerosis, and resorption can be
found after two weeks of immobilization. 1n
general, these changes are irreversible.’
Many of them have been labeled as diagnos-
tic findings for specific joint diseases, even
though they are actually the result of immo-
bilization.

In addition, periodic short-term immobili-
zation has harmful joint effects that are cu-
mulative.'® Periodic immobilization over
more than 30 days leads to progressive os-
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OF TIBIA AND FEMUR (ON THE PRESSURE SENSOR kgem®)

COMPRESSION BETWEEN MEDIAL CONDYLES

OURATION OF IMMOBILIZATION IN WEEKS
— simmobilized leg
= nan immobiized lag

FiG. 2. Compression between the medial condyles of the tibia and femur during seven weeks of
immobilization.? The measured forces on the subminiature pressure sensor (technique shown in the nght
upper corner; A = 7.3 mm, & = 0.6 mm) had increased threefold in the immobilized knee after four
weeks but had also increased slightly in the nonimmobilized knee. After seven weeks ol immobilization,
the compression was less in the immobilized knee than in the contralateral side (median + upper and

lower quartiles).

DAYS

DURATION OF IMMOBILIZATION

FiG. 3. Specific radioactivity of hydroxyproline (indicator for collagen synthesis rate) in the medial
COE%EIEI ligament of the knee. Median curves for immobilized (@) and nonimmobilized (O) legs (p
< 0.003).
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(Modified and repro-
duced with permission
irom Videman, T., Er-
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and Langenskiold, A
Glycosaminoglycan
metabolism of the me-
digl memiscus, the me-
dial collateral liga-
ment, and the hip joint
capsule caused by im-
mobilization of the i ; : PR —
rabbit knee. Acta 1 D 20 30 85

Orthop. Scand. 50:467,
1979, Fig. 2.)" DAYS OF IMMOBILIZATION

RATIO (OA/control)

i FIGs. 5A anD 5B, Histologic sections of rabbit knee in the frontal plane. (A) The knee immobilized for
J.!uur weeks alnd {I_?.} the contralateral knee. Note the thickened capsule and the marked vaniauon of
articular cartilage in the immobilized knee.
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FIGS. 6A AND 6B. (A) Development of limits of passive mobility in rabbits immobilized for one week,
five times at four-week intervals and (B) limits of mobility in rabbits immobilized for four days, |2 times
at ten-day intervals. The curves are drawn according to the medians, and the distribution symbols are
upper and lower quartiles, (Modified and reproduced with permission from Videman, T.: Experimental
osteoarthritis in the rabbit. Comparison of different periods of repeated immobilization. Acta Orthop.

Scand. 53:314, 1982, Fig. 4.)"°

teoarthntis. The range of motion afier pen-
I — . ,

odic immobilization depends more on the
total immobilization time than on the dura-
tion of either the immaobilization or mobili-
zauon periods (Fig. 6). Even an immobiliza-

tion period of four days has a cumulatve
effect in producing osteoarthntis, and an in-
terval of four weeks between immobilization
periods does not prevent osteoarthritis from

developing.



Ficg. 7. Scanning electron micrographs of the
articular cartilage of the medial tibial condyle. (A)
+pormal” rabbits living in a cage and (B) rabbits
that have been running uphill for five days. (Origi-
nal magnification, %500.) (Modified and repro-
duced with permission from Videman, T., Er-
anen, 1., and Candolin, C.: Effects of monon load
changes on tendon tissues and articular cartilage.
A biochemical and scanning electron microscopic
study on rabbits. Scand. J. Work Environ. Health
[Suppl. 3] 5:59, 1979, Fig. 4 b
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FiG. 8. Hypothesis for the role of periarticular soft tissues in joinl degeneration.
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Incomplete immobilization causes changes
in the joint capsule, including an increase in
the synthesis rate of glycosaminoglycans.'
After the same period of standardized im-
mobilization, the restriction of motion and
the degree of degeneration varies markedly
between animals. These differences, like the
variation seen in metabolism, might be due
1o individual factors.

Conversely, a sudden increase in running
load produces ‘“‘degenerative” changes in the
surface structures of joints, at least temporar-
ily."* This phenomenon has been shown in
rabbit knee joints by scanning electron mi-
croscopy after five-day periods of treadmill
running'' (Fig. 7). It has been impossible,
however, to produce osteoarthritic joint
changes in prolonged running experiments,”
probably because of the adaptation phenom-
enon and possible limiting factors (for exam-
ple, cardiovascular characteristics) which, to
some extent, prevent overuse.

Degenerative changes during immobiliza-
tion can be partly inhibited by traction'*"* or
continuous passive motion.*’

SPECULATIONS

Pain often causes involuntary joint immo-
bilization in patients and even interferes with
attempts 1o overcome the effects of immobi-
lization. The ultimate result can be disuse of
the musculoskeletal system and the possible
beginning of a vicious cycle (Fig. 8). Cer-
tainly this hypothesis addresses only one pos-
sible mechanism for the development of os-
teoarthntis,
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