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What Is on the Horizon? Adding a New Item to Our
List: Mechanical Connective Soft Tissue
Sun G. Chung, MD, PhD

In the mid 1990s, the specialty of physical medicine and rehabilitation (PM&R) was not as
well known as it now is in Korea. Many of my colleagues and I believed that the
acknowledgment and appreciation of PM&R was limited because it was (is) not based on a
single organ system or tissue type (such as other popular specialties, eg, ophthalmology or
neurology) but rather on a philosophy or strategy (namely, comprehensiveness, holistic
approach, and goal-directed rehabilitation). So, we debated about the issue of changing our
name from physiatrists to “physicians for brain, spinal cord, peripheral nerve, muscle and
bone.” I found comfort in noting similar phraseology from the American Academy of
Physical Medicine and Rehabilitation (AAPM&R) home page, “PM&R physicians are nerve,
muscle, bone and brain experts . . .” [1].

As time has passed, many Korean people have become well aware of the specialty of
PM&R. More and more people, including several political dignitaries, have sought care from
physiatrists for various musculoskeletal problems. I was very pleasantly surprised when one
of these Korean dignitaries stated, “I think I can get better now because of rehabilitation,”
shortly after we started seeing him for his full-thickness rotator cuff tendon tear. This led me
to start wondering what about the care he received in PM&R appealed to him and why? I
concluded that, beyond the comprehensive, holistic care, it is because the principles of
PM&R appear most appropriate for treating problems that are mainly caused by a cycle of
life-long repetitive injury and healing processes of nonmuscular soft tissues throughout the
body. So I thought, “We should have added ‘soft tissue’ to the list when we proposed our
new name!”

Soft tissues are defined as tissues that connect, support, or surround other structures and
organs of the body. These include tendons, ligaments, fascia, skin, fibrous tissues, fat, and
synovial membranes (which are connective tissue); muscles, nerves, and blood vessels are
not considered connective soft tissues [2]. In the history of medicine, the connective soft
tissues have not been considered as important as the nonconnective soft tissues (particularly
muscle) or bone. This viewpoint is clearly reflected in the definition of physiatrists as
provided by the AAPM&R [1], “PM&R physicians are nerve, muscle, bone, and brain
experts who treat injury or illness nonsurgically to decrease pain and restore function,” no
connective soft tissues are mentioned. However, it should be noted that most of the
connective soft tissues, except for skin, function “mechanically” and certain of these
mechanical connective soft tissues (MCST), such as intervertebral disks, knee meniscus,
rotator cuff tendons, collateral ligaments, plantar fascia, and heel fat pad, play key roles in
common musculoskeletal pain conditions and disability. We need to revisit these MCSTs.

LIFELONG DETERIORATION OF MCST
Recent advances in soft tissue imaging has enabled epidemiologists and clinical researchers
to identify that a relatively minor breakdown of soft tissue integrity not only causes common
self-limiting musculoskeletal pain but also initiates a cascade of musculoskeletal deteriora-
tion that can lead to chronic pain and disability. For example, a small partial thickness tear
of a rotator cuff tendon increases in size over a long-term period [3,4]. Some partial tears
may advance into full-thickness tears or even tendon rupture, which can result in severe
destruction of underlying bony structures as evidenced in rotator cuff arthropathy. Spon-
dylosis is characterized as bony destruction adjacent to intervertebral disks and zygapophy-
seal joints, likely initiated by a small endplate injury or annular tear, and leads to a cycle of
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life-long repetitive reinjury and incomplete healing [5]. Re-
cent longitudinal cohort studies on knee joint degeneration
revealed evidence that an MCST lesion (ie, meniscal pathol-
ogy) was responsible for the initiation of bony degeneration
[6,7]. Regardless of the joint or tissue type, a common pattern
is found in the progression of MCST deterioration (Figure 1).

WHY PHYSIATRISTS CARE FOR MCST
This life-long gradual deterioration of MCST has become a
major problem as human life expectancy has significantly
increased. As depicted in Figure 2, the human musculoskel-
etal system grows and develops from birth until approxi-
mately 30 years old, when the integrity reaches its maximum
(100%). After passing the zenith, this integrity decreases with
a waxing and waning pattern (denoted by various irregular
curves), which reflects the repetitive injury and healing pro-
cesses. Because a certain extent of deterioration precedes the
initial musculoskeletal pain experience (Figure 2 [threshold
of pain perception]), a patient with a longer life expectancy
(Figure 2 [double solid line]) means longer suffering than one
with a shorter life span (Figure 2 [solid line]). Surgery may
reverse deterioration for a certain period of time (Figure 2
[dotted line]); however, because of the widespread nature of
mechanical tissue breakdown, neither major surgeries nor
mere pain control will be the ultimate solution. Therefore,
facilitating healing processes and preventing reinjury in a
conservative, low-risk manner would be most effective. If this
can be achieved, then the integrity of MCST would ideally
wax and wane around the pain perception level for the dura-
tion of one’s life (Figure 2 [double-dashed line]).

CHALLENGES IN DIAGNOSIS OF MCST
LESIONS: FINDING A DIAMOND IN
THE SAND
Even with recent dramatic advances in soft tissue imaging, it
is still challenging to diagnose an MCST lesion as the un-
equivocal source of symptoms. One of several reasons for
this difficulty is that most initial MCST lesions are too
subtle to be identified with most imaging studies. For
example, there are no definitive imaging findings to diag-
nose frozen shoulder or patellofemoral pain syndrome:
thickening of the rotator interval-axillary recess [8] or
thinning of hyaline cartilage in the patellofemoral joint [9]
are suggestive but not pathognomonic. Magnetic reso-
nance imaging (MRI) of new onset serious low back pain is
not likely to demonstrate any new structural changes [10].
Further, many asymptomatic lesions are found in imaging
studies: approximately 30%, 20%, and 65% of normal pop-
ulations have asymptomatic rotator cuff tendon tears [11],
meniscus lesions [12], and abnormal intervertebral disks
[13], respectively. These asymptomatic lesions might have
been symptomatic once in the past but not severe enough to
warrant medical attention. It is as difficult to find a diamond
in the sand as to find an MCST lesion responsible for current
musculoskeletal pain among all of the asymptomatic lesions.
The comprehensive physiatric approach to clinical assess-
ment is valuable in accurately identifying the source of pain
among all MCST abnormalities [1].

ON-SITE INTEGRATION OF IMAGING
AND CLINICAL EXAMINATION: WHAT WE
DO BEST
The introduction of ultrasonography (US) to musculoskeletal
rehabilitation has provided an excellent opportunity to eval-

Figure 2. Curves of musculoskeletal integrity in a shorter life
span (solid line), a longer life span (double solid line), in case of
surgical management (dotted line), and in case of ideal
rehabilitative management (double-dashed line).

Figure 1. Conceptual diagram of deterioration steps of me-
chanical connective soft tissue (left column) and examples of
pathologies in selected joints (right column). MCST ! mechan-
ical connective soft tissue; RC ! rotator cuff; BML ! bone
marrow lesion; IDD ! internal disk disruption; HIVD ! herniated
intervertebral disk; DDD ! degenerative disk disease.
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uate and manage MCST lesions. Although US is inferior to
MRI in certain aspects, such as visualizing structures deep to
bone and revealing tissue properties by various sequences,
several important capabilities make it more useful than MRI.
The ability to perform side-to-side comparison and dynamic
imaging are very useful. The color- or power-Doppler tech-
nique is helpful to detect vascular activities that may reflect
the status of tissue healing. Advances in US contrast, 3-di-
mensional and/or 4-dimensional technique, and tissue strain
analytics will definitely enhance the diagnostic power of US
for MCST lesions. The most important advantage of US is that
it is readily applied in clinics, which helps to expand the
clinical examination. Simultaneously correlating the medical
history and physical examination with US offers a tremen-
dous advantage to pinpoint the source of pain of many
asymptomatic subtle lesions. For example, when a routine
US of a patient with shoulder pain reveals a partial thickness
tear of the supraspinatus tendon and swelling in the subcor-
acoid bursa, precise physical examination findings can be
checked and confirmed. A more careful reexamination of the
“empty can test,” “lift-off test,” “Neer sign,” and range of
motion measurement can be done to determine precisely
which one is symptom provoking. The dynamic nature of US
can help distinguish pain with specific activities such as a
tennis serve or forehand stroke. The on-site integration of
clinical examination and special studies is analogous to the
electrodiagnostic examination that physiatrists have been
doing for decades.

GETTING OVER THE LIMITATIONS OF
SOPHISTICATED IMAGING STUDIES
Although US is useful for MCST of peripheral joints, imaging
of MCST in axial joints is mostly done by MRI. However, as
mentioned earlier, MRI diagnosis for back pain has low
sensitivity and specificity. Efforts have been made to correlate
symptomatic back pain and imaging findings such as end-
plate changes, annular high-intensity zone, the degenerative
signal changes of intervertebral disks, abnormal spinal cur-
vatures, segmental hypermobility, and zygapophyseal joint
degeneration, but the diagnostic specificity of those findings
has been reported as too low to be used in the clinical
settings; only a small proportion (approximately 20%) of low
back pain cases can be attributed with reasonable certainty to
a pathologic or anatomical entity [14], which is likely be-
cause there are so many asymptomatic MCST lesions. When
a person has an endplate fracture at a certain point in his or
her life, it can produce a significant intensity of back pain for
1-2 weeks. Although the endplate fracture would no longer
be painful after 2 weeks of the healing process, a deformed
endplate can be seen in MRI for the rest of one’s life. With
simple mathematics, the probability for a deformed endplate
to be symptomatic would be 2 weeks for 30 years ! 2/(30 "
52) ! 0.128%, providing that the person’s life expectancy

after the injury would be 30 years, there is no reinjury to the
same endplate, and the MRI is taken randomly without
considering symptoms. However, this simple calculation be-
comes enormously complicated when one has to consider
many pain-generating MCST structures with so many reinju-
ries instead of just one endplate with only one injury. An-
other complicating factor is the lack of the neural discrimi-
nation to differentiate pain from deep-seated structures in the
low back and pelvis [15]. Analyses with subgroup classifica-
tions are being performed to find that certain types of end-
plate changes [16] or high-intensity zones [17] are correlated
better with low back pain. Further information should be
gathered with improvement of clinical examinations and
other types of special studies, for example, biomarker analy-
sis [18] or MRI scanning under loading stress: in an upright
or sitting position or under axial loading by using a compres-
sion device [19]. Provocation diskography is a meaningful
complementary tool. However, it is not widely used because
of invasiveness, the subjectivity of positive response, and
recent concern regarding iatrogenic disk injury [20]. Refine-
ment of objective measurement may help to reduce false
positives [21]. In the near future, when effective intradiskal
therapeutic options are available, diskography may gain
wider popularity.

BIOMECHANICAL DIAGNOSIS OF
MCST PATHOLOGY
MCST are structures that contribute to the maintenance of
posture and motion: poor posture and/or motion injures
MCST and MCST lesions affect posture and/or motion. Eval-
uating posture and/or motion, a process that physiatrists are
very comfortable with, is critical to evaluate MCST lesions.
To improve the posture and/or motion evaluation, many
quantitative biomechanical measurements have been tried,
and a wide range of information has been accumulated.
However, these measurements are not widely used in clinical
settings because the measurements are quite time, labor, and
space consuming; and the biomechanically measured pos-
tures and/or motions are sampled in a specific time and
environment, not necessarily representative of one’s usual
posture and/or motion. Progress in information technologies
has enabled nonrestraint biomechanical measurement in as-
pects of both time and space. For example, wireless motion
sensors can collect motion data of one’s usual life activities for
several weeks or more [22]. It is challenging to reduce the
enormous amount of data into meaningful information,
which must be solved in the near future. Although combin-
ing dynamic imaging and biomechanical data is evolving
[23], solving several problems with advancement of technol-
ogy will open a new horizon to the diagnosis of MCST
pathologies.
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STRUCTURE-ORIENTED LOCAL
THERAPEUTICS FOR MCST
Because MCST lesions are progressive, with numerous injury-
healing-reinjury cycles throughout a lifetime that will require
continuous management, a conservative management prin-
ciple seems more appropriate than an operative approach.
Physiatrists have been successfully managing MCST lesions
by using medications, physical modalities, local injections
and interventions, postural corrections, and rehabilitative
exercise. Medications and physical modalities are used for
symptomatic treatment, and local interventions, such as in-
jection or aspiration, are to address local MCST pathologies.
After the acute pathologic condition has resolved, posture
and/or activity corrections and rehabilitative exercise based
on motor control theory [24,25] may facilitate the healing
process and prevent secondary MCST injuries. For example,
radicular pain generated from an inflamed dorsal root gan-
glion that is impinged by a herniated intervertebral disk is
relieved by conservative observation or epidural steroid in-
jection. Rehabilitative exercise, including lumbosacral stabi-
lization exercise and postural correction, then is applied to
allow spontaneous regression of the herniation, which typi-
cally occurs over a period of a year or two [26].

It is noteworthy that the management strategies of physia-
trists are largely dependent on spontaneous healing pro-
cesses. The area of musculoskeletal rehabilitation would be
fortified if there were more structure-oriented therapeutic
options to resolve local MCST pathology rather than simply
relieving inflammation. Two types of treatment are newly
introduced or under development: biologic and mechanical.
Biologic therapeutic options that include sclerosing therapy,
proteins, platelet-rich plasma or growth factor injections, and
cell therapy (including stem cells) can be used to facilitate
healing of defects and disruptions (as in internal disk disrup-
tion or tendon and/or ligament and/or fibrocartilage tears).
Mechanical options, including pressurized distension, in-
tradiskal decompression, and soft tissue plasty can treat
excessive fibrous scarring (such as adhesive capsulitis) and
structural deformation (such as a herniated intervertebral
disk).

Some of the structure-oriented local interventional proce-
dures are used in clinics, some are in clinical trials, and others
are under experimentation. Until recently, stem cell therapy
for relatively benign musculoskeletal problems seemed im-
practical because of the invasiveness necessary to acquire
these cells from either bone marrow or adipose tissue. How-
ever, because local therapy of allogeneic stem cell is currently
under clinical trials, one may imagine that physiatrists will
have boxes of stem cell pre-filled syringes in our clinics in the
not too distant future. Technical aspects of minimally inva-
sive procedures have mostly been established by using image
guidance. Although most physiatrists do not perform surger-
ies, they should be aware of comprehensive treatment ap-

proaches, which can include interventional and invasive
procedures if supported by strong scientific evidence. For
invasive procedures in musculoskeletal rehabilitation, it is
not a matter of “how minimal” but of “how reasonable.”

ADDING BIOMECHANICAL METHODOLOGY
TO REHABILITATIVE EXERCISE
Similar to their use in the measurement of posture and/or
motion, biomechanical sensors, with or without implemen-
tation of actuators (such as servo motors), can be used in
rehabilitative training. A biomechanical approach based on
sophisticated electronic and informational technologies
would improve the efficacy of rehabilitative exercise by mon-
itoring motion and/or posture with real-time feedback. It
would be useful for multiple kinetic chain exercises that
emphasize motor control: modeling a target motion, rein-
forcing good or discouraging bad motion controls, and pro-
viding perturbations to achieve better control [27]. Adopting
forms of entertainment such as video or virtual reality games
may enhance the motivation of patients. Furthermore, the
biomechanical information from rehabilitative exercise will
help to build a knowledge base to address how an MCST
lesion is affected by repetitive mechanical stress in the aspects
of healing, recovering, and reinjury. A more important ad-
vantage of using the biomechanical approach in rehabilitative
training is the capability of quantification. Based on quanti-
fication of posture and/or motion, rehabilitation exercise can
be specifically prescribed, and improvement can be clearly
measured. Some may consider it to be overly cumbersome
and complicated to use such quantitative techniques for
“simple” rehabilitation exercise, but it is these measurable
outcomes that will provide the evidence that supports the
role of the physiatric model. The matter of being cumber-
some and complicated will eventually be solved with appro-
priate innovations of technologies and applications.

CONCLUSION
MCST pathologies are not only sources of common self-
limiting musculoskeletal pain but also precursors of lifelong
deterioration that leads to serious bone and joint destruction.
Because MCST undergoes a repetitive injury-healing-reinjury
process, continuous conservative holistic management is re-
quired, which physiatrists have been doing successfully. It is
time to pay systematic attention to MCST in terms of devel-
oping evaluation and management strategies. For diagnosis,
sophisticated imaging and biomechanical studies should be
incorporated into the patient-oriented, comprehensive eval-
uation systems of physiatrists so that a subtle responsible
lesion among abundant asymptomatic lesions can be iso-
lated. For management, more structure-oriented, either bio-
logic or mechanical, local therapeutics should be developed.
A comprehensive approach in musculoskeletal rehabilitation
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should include reasonable invasive procedures to deliver
structure-oriented therapeutics. Rehabilitative exercise with
posture and/or motion control should be advanced by using
emerging electronic and informational technologies. Why
not add MCST to our list and declare that physiatrists are
specialists of MCST as well as nerve, muscle, bone, and brain?
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