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osteoarthritic knee: a narrative review

Mitchell Tung Kennedy', Conner P. Olson’, Nicholas N. DePhillipo’, Adam J. Tagliero*, Robert F. LaPrade’,
Nicholas I. Kennedy®

'Elson S. Floyd College of Medicine, Spokane, WA, USA; *University of Minnesota Medical School, Minneapolis, MN, USA; *Department
of Orthopaedic Surgery, University of Pennsylvania, Philadelphia, PA, USA; *Department of Orthopaedic Surgery, University of Virginia,
Charlottesville, VA, USA; *Twin Cities Orthopedics, Edina, MN, USA; ‘Orthopedics Northwest, Yakima, WA, USA

Contributions: (I) Conception and design: MI Kennedy, CP Olson, RF LaPrade, NI Kennedy; (II) Administrative support: MI Kennedy, AJ Tagliero,
NN DePhillipo; (IIT) Provision of study materials or patients: MI Kennedy; (IV) Collection and assembly of data: MI Kennedy, CP Olson; (V) Data
analysis and interpretation: MI Kennedy, CP Olson, A] Tagliero; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
Correspondence to: Robert F. LaPrade, MD, PhD. Twin Cities Orthopedics, 4010 W 65" Street, Edina, MN 55435, USA. Email: laprademdphd@gmail.com.

Background: The healing process is initiated by injurious stimuli in response to cellular damage. Upon
recruiting proinflammatory biomarkers to the tissue site of injury, the release of additional biomarkers
occurs, including the likes of cytokines, matrix molecules, macrophages, neutrophils, and others. This influx
of immune system mediators can occur for chronic periods, and though its intention is for healing the
original injurious stimuli, it is also suspected of causing long term cartilage impairment following internal
structure damage. The objective of this narrative review is to identify which inflammatory factors have
the leading roles in the progression of osteoarthritis (OA) following knee injuries and how they fluctuate
throughout the healing process, both acutely and chronically.

Methods: This narrative review was performed following a computerized search of the electronic database
on PubMed in May 2023. Abstracts related to the inflammatory biomarkers of the post-traumatic knee were
included for review.

Key Content and Findings: The chronic low-level inflammation that leads to OA leads to the
destruction of the cartilage extracellular matrix, which new and developing orthopedic research is still
attempting to find resolve for. Some of this damage is attributed to the biomechanical alterations that occurs
following injury, though with most procedures capable of joint biomechanical restoration, focus has rather
been shifted toward the environment of inflammatory biomarkers.

Conclusions: Future studies will be aiming to improve the diagnostics of OA, focusing on a consistent
correlation of inflammatory biomarkers with imaging. Additionally, biochemical treatments will need
to focus on validating reproducible modulation of signaling molecules, in attempts to lessen the chronic
elevations of destructive biomarkers.
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Introduction healing process by recruiting proinflammatory biomarkers
The slow progression of osteoarthritis (OA) is believed to to the tissue site of injury. This is followed by an influx and
occur from chronic inflammatory responses that alter the joint release of numerous mediators by the immune system, in
th_rough bone remode]jng and degradation of Cardlage (1) As order to reach the origin of disruption. The effects of these
a response to cellular damage, injurious stimuli initiate the mediators range from occurring for acute periods or lasting
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into chronic stages, and they may be targeted directly
to the site of injurious stimuli origin or they may occur
systemically. In recent years, a greater focus has been placed
on the potentially destructive role this pro-inflammatory
state has played in the progression of OA (1-3). It has drawn
more attention with the recent literature shifting the focus
of OA toward being a disease predominantly affected by the
biochemical-, as opposed to its biomechanical-origin (2,3).
This is due to the inability of reconstructive procedures
to significantly decrease the occurrence of articular
degenerative changes, even after succeeding in restoring
knee stability to injured knees.

This postulate derives from the potential for low level
inflammation progressing to chronic inflammation, with
numerous inflammatory factors contributing to subclinical
OA progression (4-7). Some of the factors include synovial
macrophages, which induce destructive inflammatory
responses via the stimulation of aggrecanases and matrix
metalloproteinases (MMPs) (8). The complement system,
part of the innate immune system, is activated by many
components of the cartilage extracellular matrix (ECM) (9)
that leads to tissue destruction. This activation is observed
through increasing levels of C3A and C5B-9, and decreasing
levels of factor H, C4-binding protein, C1 inhibitor, and
clusterin, which were more evident in the synovial fluid of
patients enduring OA (10). Even in obese patients, who
frequently endure OA as a result of increased joint forces
and the subsequent amplified degradation of cartilage,
synovial fluid has been shown to exhibit increased levels of
interleukin (IL)-6 and soluble IL-6 receptor released from
the infrapatellar fat pad (11).

Studying these biomarkers is challenging and frequently
varies study by study, with subtle adjustments to the time of
day or period from injury to collection subtly influencing
the significance of biomarker elevations and depressions.
Furthermore, not all of the correlations found in differing
levels of these inflammatory biomarkers between healthy
and OA patients has been directly linked to cartilage
destruction. None the less, variations such as these
emphasize the elevated risk these patients have with regards
to the susceptibility of cartilage and its inability to self-
repair following traumatic events within the knee joint (12).
Understanding which biomarkers are associated with these
types of biochemical events are relatively cost-effective
and easy to collect by serum or urine, as well as being an
accurate source for identification of early OA changes;
the relative concentration of these biomarkers enable
formulation of diagnoses through the assessment of general
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and post-traumatic OA (13,14).

With OA being one of the leading causes of disability (15),
and a significantly high risk of developing symptomatic OA
within 10 to 20 years post knee injury repairs (16), there
is a dire need to identify which inflammatory factors have
the leading roles in the progression of OA following knee
injuries and how they fluctuate throughout the healing
process, both acutely and chronically. These biomarkers
represent a wide range of molecules within serum and
synovial fluid, and they may ultimately enable future
modifications across treatment protocols for lessening the
degradative effects so commonly seen following injury.
Prior to being capable of developing these modification
and treatment protocols, we first must understand the
various classes of biomarkers that are most associated with
inflammation following soft tissue injuries of the knee and
interpret their quantifiable changes with regards to elevation
and depression of their respective levels in post-traumatic
states. We present this article in accordance with the
Narrative Review reporting checklist (available at https://aoj.
amegroups.com/article/view/10.21037/a0j-23-59/rc).

Methods

This narrative review was performed following a
computerized search of the electronic database on PubMed
in May, 2023. The initial search included the following
terms: ((Inflammatory biomarkers) AND (osteoarthritis))
AND (tibiofemoral) AND (trauma)). The specific form of
trauma causing injury was not restricted to soft tissue or
fracture, but rather all-inclusive of knee injuries. Published
studies were only included if completed in English. Abstracts
were originally screened for inclusion to assess their contents
for applicability, and further publications were pulled from

referenced material within these initial inclusions (Table I).

Post-traumatic inflammatory state

The structural elements of the human body are all
organized by a set of molecules that are regulated by an
assembly process. Chondrocytes are surrounded by an
ECM, consisting of both collagenous and non-collagenous
components, and they comprise the articular cartilage of
joints. Of the five main types of collagen, the majority
of the fibrillar collagen network of chondrocytes consist
of type II collagen (17). Aggrecan is a contributor to the
tensile properties of collagen fibers due to its extreme
anionic charge density and influence on water retention.
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ltems

Specification

Date of search
Databases and other sources searched

Search terms used

Timeframe
Exclusion criteria

Selection process

05/25/2023
PubMed

((Inflammatory biomarkers) AND (osteoarthritis)) AND (tibiofemoral)
AND (trauma))

1980 to present
Exclusion criteria: animal studies, non-English language publications

Independent review by two authors for selection of publications,
additional publications pulled from articles included from original
database query

The process of collagen turnover is a normal metabolic
process associated with collagen and proteoglycan synthesis
and degradation. It can be induced by the biomechanical
forces of movement or by various biochemical mediators
in response to injury, with a balance between the two
being carefully leveled as to prevent any overproduction or
inadequate protection of connective tissue.

Biomechanical induced inflammation

The incidence and progression of knee OA is significantly
increased from disruption by mechanically induced
traumatic knee joint injuries (16,18,19), with preinjury
biomechanical profiles having an important role as an
effect-modifying factor in post-traumatic osteoarthritis
(PTOA) following anterior cruciate ligament (ACL) injury.
A method for evaluating the inflammatory status following
injuries has commonly been in using serum biomarkers,
and when assessing the effects of ambulation on the
environment of the knee, lower extremity loading has been
linked with cartilage oligomeric matrix protein (COMP)
concentrations (20).

Associations like these have led many to support research
toward enhancing our understanding of the relationship
between the biological response of collagen metabolism
biomarkers from altered joint loading, and the difference
in these biomarker levels from the presence or absence of
acute knee injuries (21). With there being differences in
preinjury serum biomarker levels from cartilage turnover,
this may suggest that ACL tears are occurring at higher
rates in individuals with altered bone and collagen
metabolism relative to those lacking any history of joint
injury (22). Structural alterations and breakdown of collagen
and its metabolism have been linked with mechanical
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loading shifts (21), which leads some to question whether
individuals with altered gait and biomechanics are placed at
a higher risk for incident ACL injuries in being predisposed
to biomechanically induced biochemical alterations in the
synovial environment of the knee.

Even slight changes in motion have been linked with
similar increased risk for OA given the alteration of force
distribution and biomechanical patterns, like adjusted
valgus knee movement or knee abduction angle (14,23),
which both are similar alterations in gait commonly seen in
osteoarthritic knee biomechanics (14,24,25). These altered
biomechanics are also observed to cross over and present
in contralateral non-injured knees following severe knee
injuries. Dahlberg er al. (26) showed that in the contralateral
knee of ACL injured patients, some evidence suggests
that concentrations of aggrecan, COMP, and MMP-3, are
elevated in the uninjured contralateral knee as a result of
altered joint loading following injury.

Understanding the effects upon the biochemical
environment as a direct cause of biomechanical alterations
is still unclear when comparing studies in the literature.
Jorgensen et al. (27) ultimately concluded that loading had
no influence on cartilage collagen synthesis of the tibial
plateaus in patients with OA, but was able to see significant
improvements in pain and physical function. When OA
had reached late stages, they also didn’t appear to observe
differences in collagen turnover relative to the cartilage of
the medial tibial plateau and its exposure to greater forces
centrally or peripherally under the meniscus (27).

Pro-inflammatory cytokines

Since the shift in focus to biochemical influences has
occurred, the development of OA is more likely attributed
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to an origin of an inflammatory nature, which is then
perpetuated from the prolonged presence and exacerbation
of these modulators in the synovium of the knee joint
following injurious events. Even from the early stages of
the disease, the pro-inflammatory cytokines secreted into
this synovium disturbs the metabolism and ultimately leads
to increased catabolism of the cartilage tissue, like type
IT collagen. Being a major component of cartilage ECM,
the highly cross-linked triple helical type II collagen has
been shown to be highly responsive to signaling between
cytokines, like IL-1p. While there are many inflammatory
modulators involved in this process, the major players linked
with OA are IL-1p and tumor necrosis factor (TNF) (3,28).
Though IL-18 is believed to have a role in the homeostasis
maintaining cartilage (29), it is more widely accepted for its
consistent role as a pro-inflammatory cytokine. Compared
to normal cells, osteoarthritic chondrocytes have shown
increased expression of TNF receptor I (TINFRI) (30)
and IL-1 receptor type 1 (IL-1RI) (30,31), the receptors
responsible for activating TNF and IL-1p, respectively.

Activation of these receptors leads to distinct intracellular
protein cascades, which enables IL-1B and TNF to act
either independently or in concert with other cytokines that
are associated with cartilage destruction and perpetuation
of the inflammatory cascade. They are mediated by the
activation of signaling pathways like c-Jun N-terminal kinas,
p38 mitogen activated protein kinase, and nuclear factor kB
(NF«B). Following activation, the induction and production
of numerous other pro-inflammatory and catabolic factors
in inflammatory environment occurs, especially in patients
with OA, with both events typically observed at significantly
elevated levels throughout the synovial fluid, synovial
membrane, cartilage, and subchondral bone.

As soon as two days following acute knee injury,
initial alterations in joint remodeling are observed with
degradation potentially lasting a decade (3,32). The
initial wound healing process following acute trauma is
accompanied by a flare of cytokines, including IL-1, IL-1p,
IL-6, IL-8, and IL-10, along with IL receptor antagonist
(IL-1Ra) and TNFa (33). Cartilage damage from acute knee
injury is observed through the resultant massive release of
proteoglycan and collagen fragments in the synovial fluid
during in the first few weeks following injury (34,35), but
continued damage may occur from the persistence of these
significantly elevated concentrations for decades following
injury (34,36-40). In an in vitro experiment of cartilage
explants stimulated with proinflammatory cytokines,
Cawston et al. (41) observed a rapid release and loss of
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proteoglycans and collagen fragments, ultimately followed
by collagen loss. This experiment simulates the wave of
proteoglycan and non-collagenous protein loss that occurs
initially as a response of the injured joint to acute injury.
Similarly, Catterall er al. (42) found that after acute injury,
collagen damage occurred alongside a rise of synovial fluid
collagen biomarkers and a decline in the concentration of
small cartilage molecules and proteoglycans.

Following ACL injury, OA is heavily influenced by
the significant increases in some of these aforementioned
proinflammatory cytokines, along with others like
interferon-y (IFN-y) and granulocyte-macrophage colony-
stimulating factor (GM-CSF), in order for the tissue
to begin the repair process following injury. Increased
signaling of these proinflammatory cytokines is required
for the healing process, but the drawback of this repair
process is the damage occurring to surrounding synovial
tissue, subchondral bone, and cartilage (43). Any loss of
proteoglycans has been shown to be reversible in earlier
animal studies (44,45), but the loss of collagen appears to
cause the greatest damage to cartilage, as it is irreversible
(46); occurring within days to weeks following severe knee
injury. Both proteoglycans and type II collagen, along with
glycosaminoglycans, compose the ECM of cartilage and
are what provide its integrity and capability in resisting
compressive loads (47). The increase in proinflammatory
cytokines induces inflammation, ultimately ending in the
breakdown of collagen once the production of MMPs are
stimulated (48).

Matrix molecules

Chondrocytes are stimulated by the aforementioned IL-
1B and TNF cytokines, leading to the secretion of several
proteolytic enzymes. These enzymes, secreted in their
inactive proenzyme form and activated at the tissue level,
comprise a group of at least 28, and are referred to as
MMPs. They have an essential role in the repair and
remodeling of tissue after inflammation, and they are also
key regulators to the destruction of cartilage through their
induction of ECM catabolism, including components
of collagen, fibronectin, and proteoglycans. Increased
stimulation and release of MMPs occurs following the
downregulation of extracellular synthesis (49) and the
subsequent increase in chondrocyte induced ECM
breakdown (50).

MMP-1 is the most widely recognized of the MMP

molecules, as it is highly versatile and efficient in cleaving
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multiple collagen chains at different points, sequentially
along collagen fibers. Its overproduction in osteoarthritic
chondrocytes is thought to play one of the largest roles in the
irreversible destruction of joint tissue during OA (51). But
MMP-induced damage isn’t limited to cartilage breakdown,
and may extend to affecting the surrounding subchondral
bone and synovial tissue (52). One of particularly
importance being MMP-3. In addition to its degradative
influences on collagen, proteoglycans, fibronectin, and
elastin, MMP-3 is also able to activate other proteinases
such as MMP-1, MMP-7, MMP-9, and MMP-13 (53).
There are many others that are expressed and associated
with various articular cartilage conditions, but among
these, there are three that are exclusively characteristic
of pathological conditions, being MMP-3, MMP-8, and
MMP-9. These chondrocyte derived MMP’s are considered
the major catabolic enzymes associated with articular
cartilage degradation (54).

With the level of these enzymes drastically increasing
under the influence of cytokines and growth factors (55),
there is a important balance maintained for these MMPs
by their inhibitors, tissue inhibitors of metalloproteinases
(TIMPs). There is a persistently elevated concentration of
matrix molecules in synovial fluid, like tissue inhibitor of
metalloproteinase (TIMP)-1 and COMP, for a period of
time following ACL injury (40,56). In even longer periods,
MMP-1 (38) and MMP-3 (38,40,57) can remain elevated
for up to twelve years post-injury. This leads to an offset in
the balance of degradation and synthesis, given an increased
ratio between MMPs and TIMP-1 following injury (38).

These elevations are not always associated with greater
cartilage degradation. Jergensen er al. (27) showed that
despite having higher MMP-3 expression submeniscally,
collagen turnover under the meniscus from exercise in late-
stage OA patients is the same (not matched by increasing
synthesis of collagen). They postulated that in combination
with lower lubricin expression in the submeniscal area,
there could be an increased loss of cartilage matrix.
Higher MMP3 has also been shown to be associated with
undamaged knee cartilage in the medial tibial plateau (58)
as well as in the femur condyles (59).

MMP3 also contributes to the breakdown of cartilage
through the generation of damage-associated molecular
patterns (DAMPs) (52,60). The DAMPs produced from this
collagen degrading protease (45) directly induces synovial
inflammation through toll-like receptor signaling (52,60) and
activation of macrophages and neutrophils (61) signaling.
Studies have also shown that the increased expression and
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signaling of these MMP molecules isn’t limited to the tissue
adjacent to the injury, as patients with OA have been seen to
have increased levels of MMP expression in all joint tissues

(62).

Macrophages and neutrophils

Pro-inflammatory cytokines, along with MMP-induced
DAMPs, vascular cellular adhesion molecule-1 (VCAM-1),
and vascular endothelial growth factor (VEGF), can lead to
the development of OA via the activation of macrophages
via chemotactic functions. Macrophages and neutrophils
are guided to the joint to by the chemotactic stimuli role
of DAMPs and monocyte chemotactic protein (MCP)-
1 (38), ultimately resulting in the promotion of cartilage
degradation. Following activation, macrophages regulate the
environment of growth factors, cytokines, and MMPs (63,64).
Another chemotactic stimulus for macrophages is soluble
VCAM-1 (65) through its ability to bind leukocytes (66)
and is expressed in all cell types of the joint organ serves as a
chemotactic stimulus for macrophages.

Neutrophils respond to similar signaling by secreting
proteinases and propagating local inflammation, one
of particular importance being elastase (67). Elastase is
able to degrade the components of cartilage, including
proteoglycans, elastin, and collagens (68) which along with
synovitis, may further compound the loss of cartilage due to
elastase activation and upregulation of proteinase-activated

receptors (PARs) (69-71).

VEGF

An important signal protein of angiogenesis, VEGE,
causes the creation of blood vessels, which then recruit
leukocytes and lead to increased inflammation (72,73).
VEGEF is even capable of activating of macrophages, acting
as a chemoattractant (74), which becomes amplified upon
macrophage arrival to the joint. Joint inflammation become
exacerbated to a point where an increased production of
VEGEF leads to more significant symptoms of synovitis and
angiogenesis (75), which recruits macrophages for further
inflammation and damage to the joint (1). In an attempt to
understand how important VEGEF is in the is correlation
with OA disease severity, Nagao er a/l. (76) surgically
induced knee OA into mice (modeling PT'OA of humans).
They found not only that by inducing VEGE, an increase
in catabolic processes occurred in both synovial cells and
chondrocytes, but when knocking down VEGF via anti-
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VEGF antibodies they contrarily found an attenuation
of OA given its effect in phosphorylation of VEGFR?2 in
articular chondrocytes and synovial cells.

One feature of OA that is provides a significant contribution
to its symptoms is the development of osteophytes. These
bony outgrowths are covered by fibro-cartilage (77), and in
OA knees there seems to be a high turnover, evident by
a 10 fold increase in deuterium incorporation (indicates
rapid tissue growth) (27). While proteinase activated
receptor 2 (PAR2) plays a critical role in subchondral bone
changes and the development of osteophytes (69), alongside
PAR2, during all phases of osteophyte development, are
hypertrophic chondrocytes expressing VEGFE. VEGF
promotes the vascular invasion of cartilage which ultimately
results in the formation of osteophytes (78) in these settings.
While VEGF is well documented for its purposes during
development as a chondrocyte survival factor, studies like
this highlight the importance of studying this biomarker
and any effects from monitoring or regulating its levels
during periods of post-traumatic injuries. Future studies will
mostly likely be focusing on the correlation of VEGF with
OA severity outcomes, but specifically given its association
of fluctuation levels in the synovial fluid as opposed to
serum. This is due to the literature supporting the local
disease-related phenomena of these biomarkers and their
relevance with analytes of OA (79).

Anti-inflammatory cytokines

As mentioned earlier, the post-traumatic state of the knee joint
is believed to undergo a wave of proteoglycan and collagen
loss accompanied by an initial flare of proinflammatory
cytokines. This elevation of proinflammatory cytokines
is then met with an increase in its counterpart, the anti-
inflammatory cytokines of IL-1Ra (80) and IFN-y (81). IL-
1Ra is a natural inhibitor of IL-1 activity, and it is produced
by chondrocytes and synovial fibroblasts for the purpose of
anti-inflammatory regulation of the increasing level of pro-
inflammatory cytokines.

This temporary buffer is effective during the subacute
phases of this inflammation, and though both types of
cytokines eventually subside, some proinflammatory
cytokines may persist for chronic periods without adjacent
increased in its anti-inflammatory counterpart. This balance
of destructive and protective cytokines is critical for the
maintenance of cartilage in these post traumatic states.
In the chronic ACL-deficient knees, Cameron et a/. (80)
observed a drastic decrease in IL-1Ra over time. When
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considering the persistence of destructive cytokines and
tapering of IL-1Ra, a chondrodestructive response may be
occurring, being driven by low-grade inflammation from
subtle elevations of IL-1 throughout the chronic healing
phase. For up to twelve years after acute knee injury,
proteoglycans (38,40,57) and glycosaminoglycans (82)
can be overwhelmed by the proinflammatory biomarkers
leading to inadequate protection of cartilage leading to
degradation.

GM-CSF is another cytokine that was observed as
elevated for a similar time period following injury (80).
As a contributor to the anabolic cytokine response, GM-
CSE, along with IL-7 and granulocyte colony-stimulating
factor (G-CSF), promotes the synthesis of cartilage ECM
components which opposes degradation of cartilage, though
generally they aren’t seen to be significantly different when
compared to controls participants (81).

Although for the most part, the signaling molecules
have a specific role in the destruction or protection of
cartilage following injury, there are two cytokines that
are capable of acting as either anti- or pro-inflammatory
signaling molecules following ACL injuries, IL-6 (80,81)
and IL-8 (80,83). The mechanism of this dual effect by
IL-6 is thought to be attributed to its primary regulation
of immunosuppression and anti-inflammation during the
acute phase response (84). Studies have been inconsistent in
identifying whether IL-6 is more protective or destructive
to cartilage. In the subchondral bone of OA, rather than
observing the features of bone resorption and osteoclast
stimulation, bone accretion and sclerosis is commonly seen
late in the disease process, which may be explained by an
initial phase of bone resorption which is later followed
by a period of increased bone formation as the disease
progresses.

Future directions

The current means for diagnosis of knee OA have yet
to successfully implement a biochemical component to
track the progression or even identify the presence of OA.
Many studies are currently attempting to correlate these
biomarkers alongside imaging methods, but some limitations
that have arisen is the usage of these cartilage degradation
biomarkers relative to the stages of OA (85). While
measuring levels of matrix synthesis may be informative
in understanding the direct healing response, it is advised
that interpretation of these levels be supplemented with
matrix degradation in order to better differentiate these
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OA stages, as links between type II collagen degradation
and synthesis markers is well documented with regards to
the progression of radiographically defined OA (86,87).
Combining these biochemical and imaging observations
would ideally provide greater accuracy and support for
correlating OA developments given the more direct
visualization of cartilage and synovial tissue, yielding more
representative correlations between data. For instance, Pan
et al. recently found associations with lateral compartment-
specific cartilage volume loss (but not medial) in addition
to worsening pain trajectories, suggesting an implication of
cartilage loss from inflammatory factors from factors like
IL-6, with no association with TNF-a (88).

Molecular validity regarding the origin and metabolism
has been an issue in many biomarker studies. The
correlation between components of OA with biomarker
metabolism has been questioned from unexpected
concentration changes and the absent mechanism of
action for such outcomes (52,89,90). Biochemical markers
for bone metabolism haven’t performed well across the
literature, as concentrations are potentially obscured by
turnover levels by the complete skeleton (52). Biochemical
markers of matrix degradation commonly perform superior
to matrix synthesis markers of bone metabolism, and are
often investigated more frequently, making them a much
more promising field of detection values for future analysis.
Nieboer et al. (2) looked into the inflammatory response
for traumatic knee injuries, but found that after six weeks
there was an absence of inflammatory proteins in the SE
which poses the question about the specific time frame
studies should be using in the future for more consistent
standardization of biomarkers levels following injury.

In a review by Khella et /. (3), although the models
discussed in their review were matched the knee, joint
trauma of patience and their clinical presentations for
investigating the mechanisms of inflammation and post
injuries effects, they also found laboratory studies, applied
market higher concentrations of biomarkers than those
relative to the synovial fluid of the knee joint following
traumatic knee injuries. Therefore, authors suggest that
future prospective studies evaluate the effects of these
biomarkers in a closer approximation of the levels that
appear in synovial fluid following injury.

Future studies for improving diagnostics of OA will need
to focus on a consistent correlation of these biomarkers
with imaging, but in order to effectively test biochemical
treatments, there will also need to be a focus on validating
reproducible modulation of signaling molecules via
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lessening the chronic elevations of destructive biomarkers
or elevating protective biomarkers that seem to taper off
and become overwhelmed. It will also be crucial for studies
to include the exact time frame of biomarker fluctuations
relative to the original injurious stimuli as most biomarkers
are levels are transiently increased following injuries.
Lastly, sample collection standardization would most likely
improve biochemical markers consistency in performance,
eliminating any confounding variables like exercise and
diurnal rhythm discrepancies (91-94).

Conclusions

With the global healthcare and financial burden of OA likely
to amplify in the coming years, given the high prevalence
of OA in the growing elderly population, treatments need
to be better anticipated and diagnostic improvements
must be approached for newer means to achieve greater
accuracy and prediction of cartilage changes. This review
provides a background for refining our understanding of
the key regulators involved in OA progression that will
help in identifying the individual roles of pro inflammatory
modulators, the degradation of cartilage tissue that ensues,
and the future directions for OA biomarkers analysis studies
in order to further control the effects of each biomarker
relative to their contributing role to the development
of OA following knee injuries. Compounds that may be
able to regulate the activity of cytokines, or by lessening
their synthesis, may be achieved by increasing the level of
inhibitory cytokines that antagonize the catabolic activities
of OA developments. These will need to be performed
alongside advancing imaging and drug delivery models,
so that we may better identify OA and understand its
pathophysiology throughout the course of the disease.
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