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and Inflammation in Osteoarthritis Patients
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Abstract
Osteoarthritis (OA) is a chronic condition marked by joint pain, inflammation and loss of articular cartilage, that can be treated
with total joint arthroplasty (TJA) at end stages. TJA is marked by post-operative inflammation, which directly effects levels of
cartilage degradation biomarkers, proteoglycan-4 (PRG4) and matrix metalloproteinase-9 (MMP-9). PRG4 is a protective
glycoprotein that is decreased in individuals with OA. MMP-9 is a matrix metalloproteinase that contributes to articular
cartilage loss and is elevated in OA patients. It is upregulated by pro-inflammatory markers, such as IL-1, IL-6 and CRP. This
study aims to elucidate the immediate post-operative changes in levels of PRG4, MMP-9, IL-6, CRP, and WBC in patients
undergoing TJA to clarify the role of inflammation in recovery after surgery and in the overall pathogenesis of OA. Blood was
collected at 3 time points (day 0, day 1 post-operatively, and days 5-7 post-operatively), from 63 patients undergoing TJA due to
OA, and levels of these biomarkers were quantified. IL-6, CRP, WBC and MMP-9 were lowest at day 0, highest at day 1, and
stabilized at an intermediate level at days 5-7. Meanwhile, PRG4 followed the opposite trend. These studies suggest that IL-6,
CRP and WBC showed predictable fluctuations, with pro-inflammatory biomarkers upregulating MMP-9 and downregulating
PRG4. Measuring these biomarkers may help expose the role of inflammation in the post-surgical recovery of TJA patients and
in long-term pathogenesis of OA. These levels may help risk stratify patients pre-operatively and help develop individualized
post-surgical plans.
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Background

Affecting nearly 70% of individuals from 55-70 years old,

osteoarthritis (OA) is a degenerative condition of the joint

marked by pain, inflammation and loss of articular cartilage.1,2

While most therapies are aimed at relieving symptoms, end

stage OA can be electively treated with total joint arthroplasty

(TJA).2 Due to either trauma or age-related changes, matrix

degrading enzymes contribute to the loss of articular cartilage.1

In this syndrome, these enzymes can be activated by factors

such as proteases and heparinase.1 Inflammation is also a

known contributory factor to the pathogenesis of OA, with

downstream effects that have damaging consequences to the

joint.1,3

Our group recently published an article regarding these

patients that reported dysregulation of cartilage degradation
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biomarkers, matrix metalloproteinase-9 (MMP-9) and

ADAMTS4 (a disintegrin and metalloproteinase with throm-

bospondin motifs 4), and their relationship to osteopontin

(OPN).4 The levels of these factors can be of use in monitoring

progression of OA by reporting levels of inflammation and

breakdown of cartilage, aiding providers to select appropriate

therapies and interventions for their OA patients.

TJA is marked by post-operative inflammation, which

directly effects levels of certain cartilage degradation biomar-

kers, such as proteoglycan-4 (PRG4) and MMP-9.4,5 In turn,

these factors are either down- or up-regulated to contribute to

the destruction of cartilage within the joint.

MMPs are a group of enzymes that are known to

digest components of the extracellular matrix (ECM),

contributing to the pathogenesis of OA.6 They work via their

zinc-containing catalytic site, which is active at physiologic

temperature and pH.6 MMP-9 is a specific matrix metallopro-

teinase that is elevated in OA patients and is known to degrade

collagen and aggrecan, 2 major components of articular carti-

lage, leading to increased severity of OA.4,6,7 Other MMPs that

contribute to OA are MMP-1, -2, -3, -8, -13, -14, and -16.6

MMP-9 is elevated in specifically moderate and late OA, yield-

ing itself as a marker for disease severity.6 This family of

enzymes is upregulated by inflammatory cytokines such as

interleukin (IL)-1, IL-6 and C-reactive protein (CRP).7,8

PRG4, also known as lubricin, is a superficial zone protein

on cartilage that is secreted by chondocytes and is known to

have a cytoprotective role.5 Also, it assists with joint lubrica-

tion and matrix binding, and has been proven to have anti-

inflammatory function.5,8,9 PRG4 is known to be decreased

in OA patients, and the degradation of this protein renders the

cartilage more susceptible to damage.8,9 Splice variants of

PRG4 have been found in degraded cartilage, indicating that

the shortened form of PRG4 is less functional and therefore,

less protective.10 Interestingly, PRG4 has been proven to be

susceptible to cleavage by MMPs and serine proteases, such as

plasmin and elastin within cartilage.8,10 This indicates that the

breakdown of PRG4 in articular cartilage by MMPs and other

enzymes may contribute to the pathogenesis of OA.8,10

OA is a disorder characterized by local inflammation, as

evidenced by stiffness, joint pain and swelling.3 Importantly,

many pro-inflammatory biomarkers have been implicated in

this disease such as IL-1, IL-2, IL-6, IL-15, IL-18, CRP, leptin,

tumor necrosis factor (TNF)-a, and many others.3,11 The

inflammation cascade is initiated by IL-1 and TNF-a, which

activates other inflammatory cytokines such as IL-6.3,12 IL-6 is

known to increase acutely post-operatively after TJA.13,14 This

sequence is continued by the activation of MMPs and other

cartilage degradation enzymes to further the progression of

OA.3,11 IL-6 is known to inhibit collagen synthesis and its level

in the blood is correlated with severity of pain in OA

patients.15,16 CRP is an acute phase reactant and its release

from hepatocytes is stimulated by cytokines.3 This biomarker

is also positively correlated with OA joint pain and has been

shown to predict operative and post-operative outcomes.17,18

The pathogenesis of OA is a complex, multifactorial process

leading to cartilage remodeling, resulting in structural and

functional changes, and subsequent pathogenesis requiring

joint replacement and other management modalities. The pre-

vious studies reported have identified PRG4 as a proteoglycan,

which is expressed in joints to facilitate lubrication and mobi-

lity. The inflammatory process and matrix degrading enzyme

results in a decrease in the synthesis of this proteoglycan.

Therefore, it was the primary rationale of this study to demon-

strate the role of PRG4 in regulating circulatory levels of bio-

markers of inflammation and matrix degrading enzyme.

Moreover, these studies were designed to determine the rela-

tionship between inflammatory biomarkers and PRG4 levels.

Based on the rationale stated above, it was hypothesized

that, in OA patients undergoing TJA, post-operative fluctua-

tions of these biomarkers will occur due to inflammatory

changes caused by the OA and associated surgery.

We recruited patients who underwent TJA due to severe OA

and blood was drawn at 3 draw dates, day 0, day 1 post-

operatively, and days 5-7 post-operatively. It was presumed

that at baseline pre-operatively, levels of pro-inflammatory

biomarkers IL-6, CRP, and white blood cells (WBC) will be

lowest at day 0, and therefore MMP-9 will also be lower. Since

these markers inhibit PRG4, we projected that this proteogly-

can will be highest at day 0. On day 1 post-operatively, inflam-

mation will likely be at its peak and therefore IL-6, CRP, WBC

and MMP-9 will be elevated, while PRG4 will likely be

decreased. These biomarkers will help elucidate the immediate

post-surgical changes that occur in OA patients, which may

be helpful in the recovery and management of these patients,

and in pre-operative risk stratification.

Materials and Methods

The protocol was approved by the Loyola University Chicago

Health Sciences Division IRB and patients were properly con-

sented before undergoing the procedure. In patients undergoing

TJA due to OA (n ¼ 63), deidentified plasma or serum was

collected at 3 different time points (day 0, day 1 post-

operatively, and days 5-7 post-operatively). The samples were

collected in vacutainer tubes containing sodium citrate

(0.109 M) and sent to the Hemostasis & Thrombosis Labora-

tory of Loyola University Medical Center for processing.

Plasma was separated from blood via centrifugation at

1500xg for 20 minutes. Samples were frozen at �80�C and

were thawed in batches for analysis. The patients ages ranged

from 47-87 years old with mean age 68 + 10.8 years. The

samples were analyzed using enzyme-linked immunosorbent

assay (ELISA) kits for MMP-9 (R&D Systems, Minneapolis,

MN), PRG4 (MyBioSource, San Diego, CA), CRP (R&D Sys-

tems, Minneapolis, MN), and IL-6 (R&D Systems, Minneapo-

lis, MN). Reagents, standards, and sample solutions were

thawed, diluted, and prepared according to ELISA manufactur-

er’s specifications. WBC were measured in a complete blood

count using whole blood, which included total WBC, lympho-

cytes, neutrophils, and platelets. This was analyzed with a KX-
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21 N hematology analyser (Sysmex, Japan). A set of 50 plasma

samples from healthy individuals were purchased from George

King BioMedical (Overland Park, KS) to use as control

samples.

Statistical Analysis

Data was analyzed using GraphPad Prism Version 8.0 (Graph-

Pad Software, San Diego, CA), and Microsoft Excel. PRG4 and

MMP-9 compared TJA samples with George King Biomedical

samples. IL-6 and CRP TJA patients were compared to pooled

normal human plasma samples. The results were reported as

mean + standard error of the mean and percentage change

+ standard error of the mean. Statistical significance was

determined using the Kruskal-Wallis one-way ANOVA. P

values <0.05 were considered statistically significant.

Results

In OA patients who underwent TJA (n ¼ 63), levels of MMP-9

were significantly different at all draw dates when compared to

controls (Figure 1). At day 0: (957+ 107 ng/mL vs. 77.4+ 7.75

ng/mL; P < 0.0001), day 1: (1507+ 84.8 ng/mL vs. 77.4+ 7.75

ng/mL; P < 0.0001), and days 5-7: (1264 + 78.8 ng/mL vs.

77.4 + 7.75 ng/mL; P < 0.0001). Percent change between draw

dates was also measured and depicted in Table 1. From day 0 to

day 1, there was a change ofþ5587%, P¼ 0.0011. From day 1 to

days 5-7, percent change was -1790%, P¼ 0.7163. Overall aver-

age MMP-9 level was significantly higher than controls:

(1270 + 56.7 ng/mL vs. 77.4 + 7.75 ng/mL; P < 0.0001). The

minimum overall level of MMP-9 was not detectable, median was

1252 ng/mL, and maximum was 2955 ng/mL. In the control

population, the minimum overall level was 34.1 ng/mL, the

median was 72.5 ng/mL and the maximum was 174 ng/mL.

PRG4 was not significantly different compared with controls

at day 0: (72.2+ 18.8 pg/mL vs. 137+ 109 pg/mL; P > 0.9999),

at day 1: (32.3+11.3 pg/mL vs. 137+109 pg/mL; P > 0.999), or

days 5-7: (67.2 pg/mL + 15.3 vs. 137 + 109 pg/mL; P ¼
0.2037), Figure 2. These changes are also depicted more clearly

in Figure 3, as the scatter among the controls was relatively high.

As seen in Table 1, the percent change from day 0 to day 1 was not

significant: (�5530%, P¼ 0.7041), but was significant from day

1 to days 5-7: (þ10828%, P ¼ 0.0040). The overall average

of PRG4 was not significantly different versus controls:

(55.9 + 9.30 pg/mL vs. 137 + 109 ng/mL; P ¼ 0.3616). The

minimum overall PRG4 level was not detectable, the median was

not detectable, and the maximum was 617 pg/mL. The healthy

controls had a minimum that was not detectable, a median that

was not detectable, and a maximum of 1090 pg/mL.

As seen in Figure 4, IL-6 was not significantly elevated

compared to healthy controls at day 0: (16.2 + 7.26 ng/mL

vs. 0 + 0 ng/mL; P ¼ 0.8554), but was significantly higher at

day 1: (236 + 22.1 ng/mL vs. 0 + 0 ng/mL; P < 0.0001), and

days 5-7: (60.0 + 17.2 ng/mL vs. 0 + 0 ng/mL; P ¼ 0.0181).

Per Table 1, the percent change from day 0 to day 1 was

Figure 1. Box plot showing median levels of matrix
metalloproteinase-9 (MMP-9) stratified by draw date (day 0, day 1,
days 5-7) versus controls. Boxes show interquartile ranges and I bars
demonstrate highest and lowest values. Day 0 versus control,
P < 0.0001; day 1 versus control, P < 0.0001; days 5-7 versus control,
P < 0.0001; day 0 versus day 1, P ¼ 0.0011; day 0 versus days 5-7,
P ¼ 0.337; day 1 versus days 5-7, P ¼ 0.716. (*P < 0.05).

Table 1. Comparison of Post-Surgical Changes in Biomarker Levels
Between Day 0, Day 1, and Days 5-7 in Osteoarthritis Patients.a

Biomarkers
% D Day 0
to Day 1 P

% D Day 1
to Days 5-7 P

MMP-9 (ng/mL) 5587% 0.0011 �1790% 0.7163
PRG4 (pg/mL) -5530% 0.7041 10828% 0.0040
IL-6 (ng/mL) 132500% <0.0001 �7608% <0.0001
CRP (ug/mL) 6977% 0.546 �1321% 0.498
WBC (x10^9/L) 4602% <0.0001 �2589% <0.0001

Abbreviations: MMP-9, matrix metalloproteinase-9; PRG4, proteoglycan-4;
IL-6, interleukin-6; CRP, C-reactive protein; WBC, white blood cells.
aPercentage change (%D) and P values are reported between draw dates for
OA patients (n ¼ 63).

Figure 2. Box plot showing median levels of proteoglycan-4 (PRG4)
stratified by draw date (day 0, day 1, days 5-7) versus controls. Boxes
show interquartile ranges and I bars demonstrate highest and lowest
values. Day 0 versus control, P > 0.9999; day 1 versus control,
P > 0.9999; days 5-7 versus control, P ¼ 0.2037; day 0 versus day 1,
P ¼ 0.7041; day 0 versus days 5-7, P ¼ 0.2260; day 1 versus days 5-7, P
¼ 0.0040. (*P < 0.05).
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significant: (þ132500%, P < 0.0001), as was from day 1 to

days 5-7: (-7608%, P < 0.0001). The overall mean value of IL-6

was significantly elevated compared to healthy controls: (108 +
12.3 ng/mL vs. 0 + 0 ng/mL; P ¼ 0.0001). In OA patients, the

overall minimum level was 2.68 ng/mL, the median was 21.6 ng/

mL, and the maximum was 909 ng/mL. In the control group, the

minimum, median and maximum were all undetectable values.

While CRP was not significantly increased at any time point

compared to controls, the same trends remain, as can be visua-

lized in Figure 5. At day 0: (37.9 + 5.82 ug/mL vs. 0.83 +
0.12 ug/mL; P > 0.999), day 1: (62.0 + 6.89 ug/mL vs. 0.83 +
0.12 ug/mL; P ¼ 0.2298), and days 5-7: (53.3 + 8.78 ug/mL

vs. 0.83 + 0.12 ug/mL; P ¼ 0.4342). The percent change from

day 0 to day 1 was not significant: (þ6977%, P ¼ 0.546), nor

was from day 1 to days 5-7: (-1321%, P ¼ 0.498), as noted in

Table 1. The total value of CRP was not significantly elevated

compared to controls: (50.9 + 4.10 ug/mL vs. 0.83 + 0.12 ug/

mL; P¼ 0.688). The overall minimum CRP level was not detect-

able, the median was 34.8 ug/mL, and the maximum was 208 ug/

mL. In the healthy controls, the minimum was 0.50 ug/mL, the

median was 0.90 ug/mL, and the maximum was 1.00 ug/mL.

The WBC fluctuations are depicted in Figure 6, and the data

is as follows, day 0: (62.2 + 0.21 x10^9/L), day 1 (9.40 + 0.33

x10^9/L), and days 5-7 (6.88 + 0.24 x10^9/L). The percent

change from day 0 to day 1 was significant (þ4602%,

P < 0.0001), as well as from day 1 to days 5-7: (�2589%,

P < 0.0001), per Table 1. Compared to the normal WBC

(4.5-11 x10^9/L), the overall mean WBC in OA patients was

Figure 3. Bar graph showing levels of proteoglycan-4 (PRG4) strati-
fied by draw date (day 0, day 1, days 5-7) versus controls. Day 0 versus
control, P > 0.9999; day 1 versus control, P > 0.9999; days 5-7 versus
control, P ¼ 0.2037; day 0 versus day 1, P ¼ 0.7041; day 0 versus days
5-7, P ¼ 0.2260; day 1 versus days 5-7, P ¼ 0.0040. (*P < 0.05).

Figure 4. Box plot showing median levels of interleukin-6 (IL-6)
stratified by draw date (day 0, day 1, days 5- 7) versus controls. Boxes
show interquartile ranges and I bars demonstrate highest and lowest
values. Day 0 versus control, P ¼ 0.8554; day 1 versus control,
P < 0.0001; days 5-7 versus control, P ¼ 0.0181; day 0 versus day 1,
P < 0.0001; day 0 versus days 5-7, P < 0.0001; day 1 versus days 5-7,
P < 0.0001. (*P < 0.05).

Figure 5. Box plot showing median levels of C-reactive protein (CRP)
stratified by draw date (day 0, day 1, days 5-7) versus controls. Boxes
show interquartile ranges and I bars demonstrate highest and lowest
values. Day 0 versus control, P > 0.9999; day 1 versus control,
P ¼ 0.2298; days 5-7 versus control, P ¼ 0.4342; day 0 versus day 1,
P ¼ 0.5460; day 0 versus days 5-7, P > 0.9999; day 1 versus days 5-7,
P ¼ 0.4981. (*P < 0.05).

Figure 6. Box plot showing median levels of white blood cells (WBC)
stratified by draw date (day 0, day 1, days 5-7). Boxes show inter-
quartile ranges and I bars demonstrate highest and lowest values. Day
0 versus day 1, P < 0.0001; day 0 versus days 5-7, P ¼ 0.4189; day 1
versus days 5-7, P < 0.0001. (*P < 0.05).
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not elevated: (7.54 + 0.19 x10^9/L). The OA group has a

minimum WBC of 2.90 x10^9/L, a median of 7.25 x10^9/L,

and a maximum of 15.8 x10^9/L. As the normal value of WBC

is a well-known range of 4.5-11 x10^9/L, WBC was not mea-

sured in our control population, nor included in our figures.

Discussion

Osteoarthritis is a disorder characterized by inflammation and

cartilage degradation, which can be quantified by measuring

levels of various surrogate markers of these processes.1,2

The biomarkers analyzed in this study include MMP-9, PRG4,

IL-6, CRP, and WBC. Their post-surgical fluctuations are pre-

dictable and may have an effect on recovery and long-term

outcomes in late stage OA patients who undergo TJA. While

previous studies have investigated these factors, they have not

published the relationship between this group of biomarkers.

The results of this study show that inflammation drives the

post-operative changes seen in this patient population, which

then contributes to downstream effects on the joint. The inter-

relationship between these biomarkers may help to further

elucidate the pathogenesis of OA, to stratify patients pre-

operatively and help predict their outcomes after TJA.

In this study, the markers of inflammation measured were

IL-6, CRP and WBC. Each of these factors were their lowest at

day 0 before surgery, highest at day 1, and fell to an intermedi-

ate level at days 5-7. Each IL-6 and WBC fluctuation were

statistically significant, and while the CRP changes were not,

the same trend was present. IL-6 is generally accepted as a

surrogate marker for acute inflammation after major surgery

and has been proven to be predictive of development of post-

surgical systemic inflammatory response syndrome

(SIRS).13,14 Ghosh et al reported that baseline CRP levels also

have an effect on peri-operative arthroplasty outcomes, as

patients with higher CRP measurements had increased opera-

tive time as well as increased likelihood of developing compli-

cations.18 It is also known that the levels of cytokines tend to

peak at approximately 24 hours post-operatively and remain

elevated for up to 72 hours.13 Our results are consistent with

previous findings, as IL-6, CRP and WBC were highest

24 hours after TJA and decreased by 120 hours.11,19 According

to these results, THA leads to increased inflammation during

the acute post-operative period, as evidenced by the elevated

IL-6, CRP and WBC levels in our cohort. Interestingly, the

levels of inflammation immediately after TKA have been cor-

related with long-term functional outcomes, but this has yet to

be proven for patients who undergo THA.13

The enzyme known to digest articular cartilage, MMP-9,

was elevated overall in our patient cohort compared to healthy

controls. In OA patients, this biomarker increased significantly

from day 0 to day 1, before falling to an intermediate level at

days 5-7. These results follow the same trend as the inflamma-

tory markers, IL-6, CRP, and WBC. As the inflammatory cas-

cade is known to upregulate MMP-9 in the pathogenesis of OA,

these results were to be expected.6,7 Additionally, MMP-9 is

also known to be stimulated by thrombin, serine proteases that

plays a major role in the coagulation cascade.20 Thrombin is

also known to initiate the inflammatory cascade itself, leading

to a continuous and destructive cycle in OA patients.21,22 This

indicates that there is interplay between the hemostatic path-

way and the inflammation observed in OA patients, which may

contribute to the fact that patients undergoing TJA are at

increased for thrombotic complications.21 More recently,

a fragment generated by MMP-cleavage of CRP has been char-

acterized, called ‘MMP-dependent degradation of CRP’

(CRPM).23 It quantifies the fragments of CRP that have been

released from tissues with local inflammation and has been

proven to predict the progression of OA when detected early,

providing a window into the joint of OA patients.23 MMP-9 has

a central role in the pathogenesis of OA, as it is activated by

predominant processes in the disease, triggers breakdown of

cartilage and causes increased levels of CRPM.6,7,22,23

Many individuals with OA have decreased PRG4 compared

with controls, which was also the case in this study.8 In a

healthy joint, PRG4 has a cytoprotective role, inhibiting

inflammation, decreasing strain on the joint, and inhibiting

cartilage degradation.5,8,10 However, in late stage OA when

this biomarker is decreased, it is unable to elicit these

responses. Moreover, PRG4 is known to be attached to the

surface of the ECM via cartilage oligomeric matrix protein

(COMP), and MMP-9 has been shown to digest this protein,

releasing it from the joint space.24 This also disallows PRG4 to

exhibit its protective functions. As MMP-9 was elevated in our

patients and PRG4 was decreased, this further demonstrates

this relationship. Alquraini et al showed that administration

of recombinant PRG4 causes reduced induction of pro-

inflammatory biomarkers, such as IL-1, IL-6 and IL-8, which

leads to decreased gene expression of MMPs, including

MMP-9.5 When comparing the time points in this study, PRG4

was shown to be at its highest level at day 0, when inflamma-

tory markers were at their lowest, and fell to its lowest level at

day 1, when inflammation was its highest. This shows the

direct role that inflammation plays in the downregulation of

PRG4, and therefore in the overall pathogenesis of OA.

Our previous manuscript reported a relationship between

these biomarkers and OPN, an ECM glycoprotein that is ele-

vated in OA patients.4 It is related to our current study, as OPN

is upregulated via cleavage by MMP-9, thrombin and hepara-

nase, and feeds back to initiate inflammation.4,25 The associa-

tion of MMP-9 and OPN in OA pathogenesis is a novel and

promising observation that further contributes to our under-

standing of this complication disorder.

Figure 7 represents interrelationships between the inflam-

matory cascade, these biomarkers and their contribution to OA.

A patient with end stage OA has upregulation of inflammation

and MMP-9, and therefore downregulation of PRG4.3,7,8

Because PRG4 has a cytoprotective role, this decrease leaves

the joint less lubricated and more vulnerable to deterioration.8

Increased MMP-9 leads to further destruction of articular car-

tilage via digestion of the ECM.6 Meanwhile, MMP-9 also

cleaves OPN, which feeds back to upregulate inflammation and

stimulate this continuous cycle.26 Finally, thrombin, which is

Slovacek et al 5



increased in OA patients, upregulates the inflammatory cas-

cade, MMP-9 and cleaves OPN.20-22,25

The central role of PRG4 in the downregulation of inflam-

matory mediators, such as IL-6, CRP, and WBC, and leukocyte

mediators along with the modulation of matrix degrading

enzymes, including MMP-9, is important in the overall out-

come in OA patients. The balance between PRG4 levels, the

inflammatory mediators and matrix degrading enzymes is

therefore responsible for the pathogenesis of OA. Increased

levels of inflammatory processes may downregulate the PRG4

synthesis in chondrocytes through upregulation of inflamma-

some and other regulatory processes. On the other hand, the

increased PRG4 may impact the generation of inflammatory

biomarkers in OA. This balance between the circulating levels

of PRG4 and the ongoing inflammatory processes is dependent

on the multiple predispositions and varies widely in OA. In the

studies reported, the PRG4 levels were measured in plasma

samples collected from OA patients. For this reason, the direct

correlation between the circulating PRG4 level and the amount

of this proteoglycan at the joint site are difficult to establish.

Further studies including the measurement of PRG4 levels in

synovial fluid may be useful in establishing the relationship

between this proteoglycan and inflammatory mediators.

There are several limitations to this study. First, our patient

cohort included 63 study participants. These results would gain

external validity by expanding this study to include a larger

number of patients. Additionally, the ELISA assays used anti-

gen methodology, and therefore did not test the functionality of

the enzymes studied. Proteases can be assed via other methods

to confirm their activity, such as gel zymography, to more

accurately characterize these factors. To provide greater insight

into the effect of the levels of the biomarkers, study follow-up

should occur over a longer period of time to better characterize

the post-surgical changes and fluctuations. Our study primarily

focused on the biomarker levels and the relationship between

their levels. Further studies should consider the clinical out-

comes of these patients and how these biomarkers correlate

with surgical complications such as thrombosis, pain, infection,

swelling, and long-term functional outcomes of patients.

Conclusion

In OA patients who undergo TJA, levels of IL-6, CRP and

WBC will show predictable post-operative fluctuations, caus-

ing up or downregulation of cartilage degradation biomarkers,

PRG4 and MMP-9. Pro-inflammatory biomarkers upregulate

MMP-9 and downregulate PRG4, leading to cartilage degrada-

tion and decreased protection for the joint. Measurement of

these biomarkers both pre- and post-operatively may help

expose the role of inflammation in the post-surgical recovery

of TJA patients and in long-term pathogenesis of OA, even

after they have undergone joint arthroplasty. These levels may

help physicians develop individualized post-surgical medica-

tion and physical therapy regimens, as well as risk stratify

patients who are recommended to undergo joint replacement.
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