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Background and Objective: Knee surgery attempts to restore the native biomechanics of the knee, 
improve stability, and decrease the progression of osteoarthritis (OA). However, despite improvements in 
surgical techniques, tissue degradation and OA are common after knee surgery, occurring in higher rates 
in surgical knees compared to non-surgical knees. The aim of this study is to analyze previous literature 
to determine which synovial fluid biomarkers contribute to knee tissue degradation and decrease patient 
outcomes in the post-surgical setting of the knee.
Methods: A narrative review of relevant literature was performed in July 2023. Studies reporting on 
synovial biomarkers associated with the post-surgical knee were included.
Key Content and Findings: The literature reported that proinflammatory synovial biomarkers cause 
cartilage degradation and turnover which eventually leads to OA. The associated biomarkers are typically 
present prior to physical symptoms so understanding which one’s correlate to OA is important for potential 
therapeutic treatments in the future. Studying the preoperative, early postoperative, and late postoperative 
synovial biomarkers will allow physicians to develop an improved understanding of how these biomarkers 
progress and correlate to knee tissue degradation and OA. This understanding could lead to further 
developments into potential treatment options. Research into inhibiting or reversing these inflammatory 
biomarkers to slow the progression of knee tissue degradation has already begun and has reported some 
promising results but is currently limited in scope.
Conclusions: Synovial fluid biomarkers in the post-surgical knee setting may contribute to decreased 
patient outcomes and the progression of knee tissue degradation. There is no current consensus on which of 
these biomarkers are the most detrimental or associated with decreased patient outcomes. With an improved 
understanding of the individual biomarkers, potential personalized therapeutic treatment could be used by 
physicians in the future to improve patient outcomes after surgery. 
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Introduction

Background

After acute injury to the structures of the knee, including 
ligamentous (1), meniscal (2), and cartilaginous (3) injury, 
surgical intervention is a common method to repair or 
reconstruct the damaged tissues to prevent knee tissue 
degradation and osteoarthritis (OA). The initial injury 
and subsequent surgery can cause the joint to enter a 
proinflammatory state (1). The concentration of specific 
inflammatory and cartilage breakdown related biomarkers 
can be measured in the synovial fluid of the joint (4-6). 
These proinflammatory biomarkers may contribute to early 
progression of knee OA and increased knee inflammation 
which can cause decreased long-term patient outcomes 
(4,6). Some common biomarkers include interleukin, matrix 
metalloproteinases (MMPs), vascular endothelial growth 
factor (VEGF), and monocyte chemoattractant proteins 
(MCPs) (7). Interleukin is known to induce several MMPs 
and aggrecanases and suppress proteoglycan synthesis 
leading to cartilage degradation (8). MMPs are responsible 
for extracellular matrix degradation of cartilage (7). VEGF 
is an angiogenesis signal factor responsible for blood 
vessel recruitment and can increase inflammation and 
macrophage recruitment (9). MCPs are secreted in response 
to stimulation by inflammatory biomarkers and recruit 
monocytes which facilitates the inflammatory response (10). 
These main inflammatory synovial fluid biomarkers and 
associated molecules along with others are correlated to OA 
and inflammation and can be used to track the state of the 
knee after injury and surgery (Table 1).

After the initial traumatic response to an injury, the 
secondary trauma caused by surgery can lead to persistent 
and long-term inflammatory biomarkers that may be 
different from the initial biomarker composition that 
occurs initially after injury (19,25). It is believed that these 
inflammatory biomarkers lead to decrease patient outcomes 
and OA progression by stimulating cartilage degradation 
(3,26). Synovial biomarkers typically appear earlier than OA 
symptoms, so determining the most important and relevant 
inflammatory biomarkers could be critical for developing 
improved post-surgical knee treatment options. To our 
knowledge, no other studies report on the various synovial 
fluid biomarkers of the knee in the post-surgical state of the 
knee. 

Rational and knowledge gap

Although surgical techniques have improved for various knee 
injuries, the prevalence of the postoperative pain and OA 
is still high (27). Surgeries like anterior cruciate ligament 
(ACL) reconstruction (28) and meniscal repair (29) have 
been reported to improve knee biomechanics and stability 
and improve outcomes for patients. However, OA and 
other complications still occur, as evidenced by long-term 
outcomes and biomarkers in the synovial fluid of the joint. It 
is unknown whether the degradation of the knee joint after 
surgery is due to the inflammatory biomarkers associated 
with injury and trauma, non-biomechanical repairs and 
reconstruction of knee structures, or other factors including 
patient age and time between injury and surgery (30). 

Objective

The objective of this narrative review is to analyze the 
current literature relating to synovial fluid biomarkers of 
the knee relating to the post-surgical setting. By obtaining 
an improved understanding of the synovial fluid state of 
the knee after surgery, physicians and care providers can 
develop patient specific treatment options to improve short- 
and long-term patient outcomes and decrease knee tissue 
degradation after knee surgery. Management strategies to 
decrease negative synovial biomarkers may help slow the 
progression of OA and inflammation of the knee joint, while 
preserving the beneficial biomarkers (31). Our hypothesis 
is that the post-surgical knee setting will have different 
concentrations of synovial fluid biomarkers than the pre-
surgical setting. We present this article in accordance 
with the Narrative Review reporting checklist (available at 
https://aoj.amegroups.com/article/view/10.21037/aoj-23-
56/rc). 

Methods

A narrative review was conducted of the literature reporting 
on synovial fluid biomolecular markers associated with the 
post-surgical knee. The literature review was performed 
using sources from PubMed and MEDLINE. All studies 
were cross referenced to find additional sources. Studies 
were initially screened by analysis of the abstract and 
then further analyzed if the abstract was relevant to the 

https://aoj.amegroups.com/article/view/10.21037/aoj-23-56/rc
https://aoj.amegroups.com/article/view/10.21037/aoj-23-56/rc
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Table 1 Biomarkers associated with the knee post-surgery inflammatory state

Number Biomarker name Abbreviation Function Reference

1 Aggrecanases-1 ADAMTS-4 Participate in the cleavage of aggrecans in the 
extracellular matrix of cartilage, elevated in patients 
with osteoarthritis

(11,12)

2 Sulfated glycosaminoglycan sGAG Function in cartilage homeostasis, released during the 
degradation of cartilage

(13-15)

3 Monocyte chemotactic protein-1 MCP-1 Stimulated in response to inflammatory biomarkers, 
recruit monocytes, memory T-cells, and dendritic cells

(10,16,17)

4 Interleukin-6 IL-6 Cytokine secreted by macrophages with 
proinflammatory effects, contributes to cartilage matrix 
breakdown

(13,16,18-20)

5 Interleukin-1 beta IL-1β Mediator of inflammatory response, released by 
macrophages

(16,19)

6 Carboxy-terminal telopeptides of 
type II collagen

CTX-II Marker of cartilage breakdown (19,21)

7 Myostatin Induces muscle atrophy via the ubiquitin-proteasome 
pathway

(22,23)

8 Transforming growth factor beta TGF-β Potentially induces muscle atrophy and weakness via 
the ubiquitin-proteasome pathway

(22,23)

9 Aggrecan neoepitope fragment ARGS Aggrecan measured in the synovial fluid signaling 
cleavage of aggrecan in the cartilage

(13,21)

10 Interleukin-8 IL-8 Promotes release of metalloproteinase and aggregation 
of neutrophil

(20)

11 Interleukin-10 IL-10 Anti-inflammatory cytokine, used for downregulation of 
other inflammatory cytokines

(16)

12 Tumor necrosis factor alpha TNF-α Cytokine produced by immune response, usually 
present in the acute phase, and can induce apoptosis

(13,16,20,24)

13 Cartilage oligomeric matrix protein COMP Biomarker suggestive of cartilage breakdown (13)

14 Vascular endothelial growth factor VEGF Angiogenesis growth factor (9,16,18,24)

topic of choice. Studies were included that contained 
information for synovial fluid biomarkers in the post-
surgical knee including studies discussing ways to manage 
these biomarkers. There was no exclusion based on the date 
of publication. The summary of the search methods can be 
found in Table 2. 

Post-surgical inflammatory state

Complications, including OA, are common after knee injury 
and surgery. A study by Barenius et al. (32) reported that at 
14 years follow-up, 57% of patients had OA after having an 
ACL reconstruction compared to 18% on the contralateral 
side. It has been shown that acute knee injuries lead to 

an increase in inflammatory biomarkers (15,33), but that 
surgery may induce a secondary hit that further increases 
the prevalence of inflammatory synovial biomarkers. 
Knee surgery aims to repair or reconstruct deficient knee 
structures to improve stability and kinematics to delay OA 
compared to leaving injuries untreated (34). The cause of 
OA after surgery is still unknown, but it could be due to 
any number of factors including improper restoration of 
knee biomechanics, reduced knee strength postoperatively, 
or inflammatory biochemical markers. This paper will 
look specifically at the inflammatory biomarkers present 
before and after knee surgery to attempt to gain a better 
understanding of synovial fluid biomarker progression from 
initial injury to years after surgery.
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Preoperative synovial biochemical markers

Preoperative synovial biomarkers can help determine the 
state of the knee prior to surgery and determine if any 
predictive inflammatory biomarkers are already present 
from the initial injury. Certain synovial biomarkers have 
already been reported to be associated with cartilage 
breakdown and OA progression, like macrophages and 
cytokines. The presence, or absence, of certain synovial 
biomarkers related to the breakdown of cartilage and 
inflammatory signals could offer insights into determination 
of surgery, preoperative planning, and postoperative 
rehabilitation and guidelines.

Some knee cartilage treatments, like autologous 
chondrocyte implantation (ACI), attempt to treat full 
thickness articular cartilage defects by using patient 
specific lab grown chondrocytes. A study by Wright 
et al. (12) measured preoperative synovial biomarkers 
before ACI surgery and reported that a disintegrin 
and metalloproteinase with thrombospondin motifs 4 
(ADAMTS-4), which is an aggrecanase that plays a key 
role in early cartilage destruction, had elevated activity in 
the synovial fluid of patients who had decreased clinical 
outcomes (11). This suggests that ADAMTS-4 might 
be a potential biomarker showing that OA has already 
progressed too far and surgical treatment may not be 
beneficial. Measuring levels of ADAMTS-4 may be a 
beneficial diagnostic tool for surgical indications and a 
predictor of positive patient outcomes. Additionally, it is 
possible that ADAMTS-4 could be a future therapeutic 
target to delay the onset of OA. 

Another preoperative synovial fluid biomarker found to 

be related to poor patient outcomes after surgery is sulfated 
glycosaminoglycan (sGAG), a molecule released during 
cartilage breakdown. A study by Amano et al. (14) reported 
that elevated level of sGAG at the time of surgery resulted 
in decreased patient outcomes at a 3-year follow-up. This is 
suggestive of preoperative screening to potentially be used 
as a predictor of patient outcomes. This study did mention 
the limitation of not having an improved understanding 
of the timeline progression of sGAG due to only testing 
patient synovial fluid samples prior to surgery and at 3 years 
postoperatively. Future studies should look at biomarker 
levels immediately after injury, before surgery, after surgery 
and at more time points along the rehabilitation process. 
They also suggested analyzing other biomarkers, like 
hyaluronic acid and lubricin.

Another potential application of analyzing preoperative 
synovial fluid biomarkers could be to determine how 
severe a cartilage injury may be. Although this would 
not replace true diagnostic determination, it could be a 
useful tool to augment a physician’s diagnostic capabilities. 
A study by Cuéllar et al. (16) reported on preoperative 
synovial biomarkers before knee arthroscopic surgery and 
determined that higher levels of monocyte chemotactic 
protein 1 (MCP-1) and interleukin 6 (IL-6) were the 
strongest predictors of more severe cartilage damage during 
intraoperative inspection. Both MCP-1 and IL-6 have 
been characterized as inflammatory biomarkers related to 
cartilage breakdown and involved in injury response. 

Preoperative synovial fluid biomarkers have the potential 
to help physicians weigh the risks and benefits of surgical 
intervention and may assist in defining specific pro-

Table 2 The search strategy summary

Items Specification

Date of search 7/10/23

Databases and other sources searched PubMed and MEDLINE

Search terms used (inflammatory biomarkers OR knee biomarkers OR inflammatory markers OR inflammatory 
biomarker inhibition) AND (knee surgery OR knee osteoarthritis OR ACL reconstruction OR anterior 
cruciate ligament reconstruction)

Timeframe 2006–2023

Inclusion and exclusion criteria Inclusion: full text peer reviewed articles, English

Exclusion: single case reports

Selection process Article selection was performed by determining relevance from title and abstract and was 
performed independently by two co-authors (L.V.T. and M.I.K.). Consensus was obtained by 
analyzing the full text
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inflammatory modulators to target in the pre- and post-
operative setting to improve outcomes. Certain biomarkers 
have been reported to help predict whether surgery will 
be beneficial for patient outcomes. Low levels or absence 
of ADAMTS-4 and sGAG can be useful in predicting 
whether ACI or other knee surgeries will be a beneficial 
surgery to help prevent future cartilage degradation. High 
levels of these biomarkers preoperatively have been shown 
to correlate with decreased patient outcomes regarding 
pain, function, and progression of OA (12,14). Other 
biomarkers, like MCP-1 and IL-6, can help physicians 
determine the extent of cartilage damage prior to surgery. 
Having a better understanding of the status of the joint, 
like if severe cartilage damage is present, prior to surgery 
may be beneficial for surgical planning. These markers 
can be used in conjunction with other preoperative risk 
factors to provide a more in-depth patient analysis prior to 
surgical intervention. More research needs to be performed 
to incorporate the testing of more biomarkers and at more 
timepoints to gain a deeper understanding of potential 
preoperative indicators for patient outcomes.

Early postoperative biomarkers

Many synovial fluid biomarkers are expressed after an 
acute injury and continue up until and after surgery occurs. 
Determining the effect of early postoperative biomarkers 
requires comparing preoperative biomarker levels to 
postoperative biomarker levels. Surgery often creates a 
secondary hit of inflammatory biomarkers, possibly leading 
to the presence of new biomarkers and further expounding 
the effects of the inflammatory biomarkers from the initial 
injury (17). Understanding the impact and implication 
of this secondary hit of inflammation to the knee joint 
could be beneficial for understanding how surgery might 
contribute to patient outcomes and the progression of OA. 

Understanding how specific inflammatory and cartilage 
breakdown biomarkers, like IL-1β, IL-6, and C-terminal 
cross-linked telopeptides of type II collagen (CTX-II), 
compare between preoperative levels and early postoperative 
levels can help determine which biomarkers are related to 
the secondary hit of surgery. One study by Hunt et al. (19) 
reported that inflammatory cytokine IL-1β and IL-6 levels 
were higher 1-week and 1-month postoperative timeframe 
than they were 1 week post injury and immediately prior to 
surgery (mean =23 days post injury). They also reported that 
CTX-II, a marker of cartilage breakdown, was significantly 
increased at 4 weeks postoperative suggesting the second 

hit of an inflammatory response after ACL reconstruction 
leading to cartilage breakdown. These observations could 
indicate that the increased inflammatory response caused 
by surgery could be contributing to increased cartilage 
breakdown. Although the patients had different timelines 
between their initial injuries and their date of surgery, 
having reported significantly increased cartilage breakdown 
biomarkers at 4 weeks after surgery could indicate that this 
increase in breakdown is caused by the surgery rather than 
by the initial injury. 

Another aspect of the inflammatory and biomarker 
response to surgery involves muscle atrophy and weakness 
following surgery. A study by Mendias et al. (23) reported 
that myostatin and transforming growth factor-β (TGF-β) 
levels were significantly increased in the early postoperative 
period compared to preoperative levels. Elevated myostatin 
and TGF-β levels are indicated for increased muscle 
atrophy and weakness (22). In the early postoperative 
setting, elevated levels of these biomarkers potentially 
lead to increased quad atrophy and decreased strength 
which limits recovery, decreases knee stability, and could 
potentially delay return to sport or activity. Since strength 
is important for knee stability, a chronic decrease in strength 
after surgery compared to before surgery could potentially 
contribute to the increase in inflammatory biomarkers and 
cartilage breakdown. Patient specific rehabilitation strength 
protocol could be a way to decrease proinflammatory 
biomarkers after surgery (35). Finding a way to decrease 
the muscle atrophy and weakness after surgery could help 
patients regain strength back to preoperative levels helping 
to prevent losses in knee stability. 

To determine which biomarkers are specifically part of 
the early postoperative phase, a longitudinal study must be 
performed evaluating samples immediately before and after 
surgery and samples taken intermittently for the months 
and years following surgery. A study by Struglics et al. (21) 
reported that inflammatory cytokine biomarkers and 
aggrecan ARGS (amino acids alanine, arginine, glycine, 
serine) neoepitope peak immediately after surgery but then 
typically decrease significantly by 30 weeks and show no 
difference to reference samples. Knowing which biomarkers 
are present immediately after surgery but decrease as time 
progresses is important to analyze to determine if any short-
term biomarkers correlate with decreased patient outcomes 
or an increased prevalence of OA. 

Acute knee injuries  increase pro-inflammatory 
biomarkers and surgical treatment further increases these 
same biomarkers, like IL-1β, IL-6, CTX-II (19,21). 
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These synovial biomarkers have been reported to be 
significantly increased at 1 month postoperatively compared 
to preoperative levels suggesting a second hit to the knee 
resulting in a prolonged and increased inflammatory response 
and increased cartilage breakdown. Other biomarkers, 
like myostatin and TGF-β increase muscle atrophy 
and contribute to prolonged muscle weakness and knee 
instability, which can lead to further knee inflammation (23).  
Many other biomarkers are increased in the first week 
postoperatively but decrease by the end of the first month. 
Currently, no studies have reported if the increase of these 
specific early postoperative biomarkers has any significant 
correlation with decreased patient outcomes or the 
progression and development of postoperative OA.

Extended postoperative biomarkers

Extended postoperative synovial biomarkers remain active 
for months to years postoperatively. When determining 
inflammatory biomarkers associated with patient outcomes 
and OA, analyzing the long-term biomarkers offers the most 
robust form of measurement (20,36). To best understand 
the extended postoperative biomarkers associated with 
knee surgery, biomarker must be tracked over time starting 
immediately after the injury occurs (13). Understanding 
how these biomarkers relate to the preoperative and early 
postoperative biomarkers is also important to determine the 
correlation between the progression of the biomarkers in 
relation to the injury and progression of OA (30). 

Interleukin is a common inflammatory biomarker that 
is typically present during an inflammatory response. A 
study by Larsson et al. (20) looked at four patient groups 
with ACL injuries, one group underwent early ACL 
reconstruction (10 weeks post injury), one group underwent 
delayed ACL reconstruction (after 10 weeks post injury), 
one group underwent non-ACL arthroscopic surgery, and 
one group underwent rehabilitation only with no surgery. 
The synovial fluid biomarkers of these patients were 
measured at various intervals from baseline to 5 years post 
injury. Synovial fluid inflammatory biomarkers IL-6, IL-8, 
IL-10, and tumor necrosis factor (TNF) were increased at 
various point postoperatively in the patients who underwent 
ACL reconstruction (early and delayed) compared to those in 
rehabilitation alone or with non-ACL arthroscopic surgery. 
Although both TNF and IL-6 were elevated at 8 months post 
operatively, IL-6 was the only biomarker still significantly 
increased in the ACL reconstruction patients compared to 
the rehabilitation only patients at the 5-year mark. This is 

comparable to an increased IL-6 biomarker in patients in 
the early postoperative timeframe.

A comparison between ACL deficient (ACL-D) and 
ACL reconstruction (ACL-R) knees offers an opportunity 
to determine differences between knee synovial biomarker 
levels for surgical and non-surgical approaches. A systematic 
review by Harkey et al. (36) compared ACL-deficient 
knees to ACL reconstruction knees and their associated 
biomarkers. They reported that ACL-D knees have more 
collagen degradation and less inflammatory biomarkers 
compared to ACL-R knees. ACL-D knees continue to have 
deficiencies in stability and proper knee kinematics which 
could contribute to the continued cartilage damage and 
degeneration. ACL-R knees have improved stability and 
kinematics; however, the inflammatory response associated 
with surgery could lead to OA. This is consistent with the 
findings that knee surgery causes a secondary hit to the 
inflammatory biomarkers of the knee. 

Although some inflammatory biomarkers may not show 
significant differences long term, signs of degradation 
and OA may still be present. A study by Åhlén et al. (13) 
reported that at 8 years postoperatively, there was no 
significant difference in inflammatory biomarkers IL-
1β, IL-6, TNF-α, sGAG, ARGS-aggrecan, or cartilage 
oligomeric matrix protein (COMP) between the surgical 
knee and contralateral knee. However, they did report that 
the surgical knees had more osteoarticular changes and 
meniscal and cartilage damage compared to the nonsurgical 
knee. This could indicate that at the 8-year mark, some of 
the biomarkers are no longer elevated due to surgery or 
there could be other biomarkers that were not analyzed in 
this study that are potentially critical to the progression 
of OA (4). This study validates the need for more robust 
testing for biomarkers in the progression of knee OA after 
surgery. All the patients from this study were confirmed to 
have intact ACL grafts suggesting that ACL reconstruction 
might not restore normal biomechanics or that the surgical 
procedure itself contributes to the degradation of the joint 
tissues.

The  r e su l t s  f rom long- te rm s tud i e s  on  knee 
inflammatory biomarkers suggest that the prevalence of 
knee OA is greater in patients who have undergone previous 
knee surgery (30,37). Typically, surgery attempts to restore 
native knee biomechanics and improve stability of the joint 
to prevent damages caused by instability due to injury. 
Although very few inflammatory biomarkers like IL-6 and 
TNF are present years after surgery, there is clearly extra 
degradation of the knee cartilage compared to uninjured 
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knees. For future studies, testing more synovial biomarkers 
and a better testing schedule timeline (Figure 1) in relation 
to knee injury and surgery could help develop an improved 
understanding of these biomarkers. Having an improved 
understanding of the biomarkers could help physicians 
determine the cause of postoperative OA and explore 
treatment options for these patients. 

Inflammatory biomarker control

Controlling inflammatory biomarkers may be a potential 
therapeutic intervention for patients undergoing knee 
surgery. First, proper identification of the biomarkers in 
the preoperative, early postoperative, and late postoperative 
timelines that correlate with decreased patient outcomes 
or the progression of OA is critical. Next, methods to 
decrease or inhibit those inflammatory biomarkers need 
to be developed to slow their detrimental effects. Some 
investigation has been done into interleukin inhibitors (38) 
and non-steroidal anti-inflammatory drugs (NSAIDs) with 
limited success. Investigation into possible inhibitors cannot 
be done until the specific negative synovial biomarkers are 
identified. 

Currently, NSAID use is recommended for OA patients to 
decrease pain and improve function (39). Many inflammatory 
biomarkers are associated with pain, a decrease in function, 
and OA. A study by Gallelli et al. (24) reported a decrease 
in inflammatory biomarkers IF-6, TNF-α, and VEGF 

for patients indicated for knee arthroplasty when using 
different kinds of NSAIDs for a 2-week period. Notably, 
the patients also reported an improvement in The Western 
Ontario and McMaster University (WOMAC) score 
following the treatment with NSAIDs. The limitation of 
this study was that the progression of OA is a long-term 
process and this study was only performed over a 2-week 
period before surgery and could not determine other 
possible risk factors of taking NSAIDs for a longer period. 
A study by Osani et al. (40) reported that patient pain 
and functional improvements peaked at around 2 weeks 
after starting NSAID use but steadily decreased after the 
4-week mark. Additionally, after 4 weeks, cardiovascular 
and gastrointestinal adverse events continually increased. 
NSAIDs may be beneficial in short-term relief but may not 
be a viable solution for long-term care.

The future of OA therapeutic treatment could involve 
anti-inflammatory molecules, like selective IL-1 inhibitors, 
that may help decrease the concentration of inflammatory 
biomarkers. A clinical study by Kraus et al. (41) reported 
that the use of IL-1 receptor antagonist two weeks after a 
severe knee injury resulted in improved patient outcomes 
for pain and function over a 2-week interval after treatment. 
This study suggests that the use of receptor agonists or 
inhibitors of knee inflammatory biomarkers may be a viable 
solution to improve patient outcomes. A systematic review 
by Aman et al. (42) reported that a selective IL-1 inhibitor 
was effective for reducing levels of the proinflammatory 

Immediately after injury 
(Time 0–3 days post injury)

1 week after injury  
(6–8 days post injury)

1 month after injury*  
(28–32 days post injury)

Prior to surgery  
(2 days prior–immediately 

before surgery)

1 week post-surgery  
(6–8 days after surgery

Post-surgery  
(2–3 days after surgery)

2 weeks post-surgery  
(12–16 days after surgery)

1 month after surgery 
(28–32 days post-surgery)

3 months after surgery 

3–5 years after surgery 1 year after surgery 6 months after surgery 

*Not necessary if surgery occurs prior to this

Preoperative Early postoperative Late postoperative

Figure 1 Timeline for synovial fluid analysis in relation to knee injury and surgery for a better future understanding of knee inflammatory 
biomarkers. 
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biomarker IL-1β in the acute phase after knee injury. 
This reduction in IL-1β helped to slow OA progression 
and cartilage damage in animal models. However, these 
therapies had a diminished effect long-term, emphasizing 
the need for a more effective method for drug delivery 
and long-term studies. This review does mention the lack 
of literature surrounding IL-1 inhibitors to treat OA, 
citing the clinical study as the only clinical study for IL-1 
inhibition. This emphasizes a need for more research 
into this subject to explore long-term outcomes and the 
inhibition of more inflammatory biomarkers. 

In the future, postoperative therapeutic treatment for 
inflammatory synovial fluid biomarkers could become a 
standard of care to improve patient outcomes. Research is 
in progress of evaluating interleukin inhibitors to treat pain 
and improve function; however, more needs to be done to 
determine the long-term effects (24,38,42). NSAIDs may 
also help reduce inflammatory biomarkers and there is 
potential that NSAIDs can be used with other inhibitors 
to decrease the inflammatory state of the knee. In the 
future, this could mean that a combination of NSAIDs 
and other treatments might be required to decrease the 
pro-inflammatory biomarkers and cartilage breakdown 
biomarkers. Inflammatory biomarkers may differ slightly 
between patients and each patient’s specific synovial fluid 
analysis would be beneficial to offer a specific treatment to 
counteract or limit the biomarkers that are present in their 
synovial fluid. 

Discussion

The main findings of this study suggest that there are 
specific inflammatory synovial biomarkers associated with 

the post-surgical setting of the knee; however, there is no 
consensus on which biomarkers are not beneficial and how to 
counteract their effects. Synovial biomarkers like IL-1β, IL-6, 
IL-8, IL-10, TGF-β, TNF, and VEGF have all been indicated 
to be present after injury and knee surgery (Figure 2).  
These biomarkers are associated with increased knee 
inflammation and cartilage matrix degradation. Although 
there is no consensus on the direct association of these 
biomarkers with specific time periods or patient outcomes, 
there is a high probability that these biomarkers and others 
are associated with a post-surgical response. Continued 
research into testing and analyzing more biomarkers 
should be performed to gain a deeper understanding of the 
processes that are going on during knee injury, surgery, and 
rehabilitation. 

From the current research and reported literature, knee 
surgery to repair or reconstruct structures to increase 
stability and correct kinematics can improve patient 
outcomes. However, surgery can induce a secondary 
inflammatory response that can contribute to decreased 
patient outcomes. With a better understanding of the 
associated biomarkers, treatment and rehabilitation, knee 
surgery treatment could expand into treating the bodily 
response, specifically released synovial biomarkers, after 
injury and surgery. In the future, this could be used to 
help prevent knee degeneration and arthritis by treating 
the biomarkers which appear before the main physical 
symptoms appear.

Current limitations to understanding the effects of 
postoperative synovial fluid inflammatory biomarkers 
include the inability to specifically differentiate post-injury 
and post-surgery biomarkers. Many of the inflammatory 
and cartilage degeneration biomarkers are similar between 
post-injury and post-surgery, more should be done to 
determine differences in concentration and if there are 
biomarkers present after surgery that are not present at 
any other points. Additionally, altered knee biomechanics, 
even after reconstruction and patient rehabilitation, need 
to be studied in more depth to determine the true cause of 
decreased patient outcomes. 

The future research should explore more biomarkers that 
could be associated with the overall inflammatory state of 
the knee caused by injury and surgery. It should also explore 
in more depth the timing and the progression of different 
biomarkers as they relate to the injury, surgery, and the 
post operative rehabilitation. Finally, more review into the 
possible treatment options to decrease or counteract the 
indicated biomarkers is recommended. Further research 
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Myostatin

TGF-β

IL-1β
CTX-II
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Figure 2 Common synovial fluid biomarkers at different stages of 
knee injury and surgery progression. 
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into this topic will hopefully allow physicians to improve 
their treatment options for patients and help slow down the 
progression of the long-term negative outcome of OA after 
knee injury and surgery. 

Conclusions

Synovial fluid biomarkers in the post-surgical knee setting 
may contribute to decreased patient outcomes and the 
progression of knee tissue degradation. There is no current 
consensus on which of these biomarkers are the most 
detrimental or associated with decreased patient outcomes. 
With an improved understanding of the individual 
biomarkers, potential personalized therapeutic treatment 
could be used by physicians in the future to improve patient 
outcomes after surgery. 
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