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a b s t r a c t

Background: Several commonly prescribed medications have known antifibrotic properties and have
been shown to reduce postoperative scar formation in other clinical areas, but it is unknownwhether the
use of such medications perioperatively in patients undergoing TKA may improve rates of postoperative
stiffness.
Methods: A large US employer-sponsored healthcare database (Truven Marketscan) was queried for
patients who underwent elective primary TKA for primary osteoarthritis between 2015-2019. De-
mographic information and comorbidities were recorded, along with whether patients were prescribed
one of several medications with known antifibrotic properties during the three months before or after
surgery.
Results: Complete data were available for 101,366 patients undergoing TKA, of which 4,536 underwent
MUA (4.5%). Perioperative use of any antifibrotic medication was associated with a lower likelihood of
undergoing MUA (P < .001). When controlling for age, sex, comorbidities, opioid use, length of stay,
among other variables, perioperative use of specific ACE inhibitors (OR 0.91, CI 0.84-1, P ¼ .042), COX-2
inhibitors (OR 0.88, CI 0.81-0.96, P ¼ .002), and angiotensin II receptor blockers, specifically losartan (OR
0.80, CI 0.70-0.91, P ¼ .007) all remained significantly associated with lower rates of MUA.
Conclusion: This study, spanning over a hundred thousand primary TKA procedures over a recent five-
year period, demonstrates an association between perioperative use of specific medications with anti-
fibrotic properties and a decreased rate of MUA. These data will help inform future studies aimed to
prospectively evaluate the potential of antifibrotic medications in preventing postoperative stiffness in
high-risk patients undergoing knee arthroplasty.

© 2022 Elsevier Inc. All rights reserved.
Arthrofibrosis, the result of an exaggerated local postoperative
inflammatory response leading to hypertrophic, noncompliant scar
formation, is a relatively common complication after total knee
arthroplasty (TKA) with potentially severe patient morbidity.
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Clinically, arthrofibrosis manifests as postoperative stiffness and
restricted knee range of motion and may present with localized
edema, warmth, tenderness, and limited patellar mobility. In turn,
arthrofibrosis may lead to significant functional deficits, an inability
to perform activities of daily living, and can be devastating to
quality of life [1e3].

It is estimated that over 85,000 cases of arthrofibrosis occur
after knee surgery in the US annually, with approximately one-
quarter requiring revision surgery [4]. A recent evaluation of
complications after TKA noted that arthrofibrosis was responsible
for 28% of hospital readmissions within 90 days and 10% of re-
visions within five years of index surgery [5]. In total, roughly 5% of
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Table 1
Medications With Demonstrated Antifibrotic Properties.

Medication Class Mechanism of Adhesion Prevention

Losartan [14,19] Angiotensin II receptor
blocker

Inhibits TGF-B signaling

Benazepril, captopril, enalapril, fosinopril, lisinopril, moexipril,
quinapril, Ramipril [20,21]

ACE inhibitors Inhibits production of AT2 and inhibits TGF-B signaling downstream

Simvastatin, atorvastatin, rosuvastatin, pravastatin, pitavastatin,
fluvastatin, lovastatin [16,19]

HMG CoA reductase
inhibitors

Increase tissue tPA and blocks TGF-B stimulation of collagen synthesis

Rosiglitazone [19] PPAR-g agonist Disrupts TGF-B and SMAD signaling
Celecoxib, rofecoxib [14,15] COX 2 inhibitors Reduces inflammation
Vitamin D [22] Supplement Activation of the Vit D receptor antagonizes TGF-B/SMAD dependent

transcriptional responses
Sildenafil, tadalafil [14,23] Phosphodiesterase 5

inhibitors
Increases cGMP leading to increased fibroblast apoptosis

Octreotide [14,24] Decreases growth
stimulating hormones

Decreases EGF receptor, increases tPA levels, reduces TGF-B1

Mexdroxyprogesterone [14,16] Increases progesterone to
estrogen ratio

Unclear

Leuprolide Acetate [14,15] GnRH agonist Unclear
Tamoxifen [14,25] ER blocker Downregulates TGF-B, inhibits fibroblast proliferation
Anastrazole [14,25] Aromatase inhibitor Decreases inflammation

TGF-B, transforming growth factor-beta; ACE, angiotensin-converting enzyme; AT2, angiotensin II; HMG CoA, 3-hydroxy-3-methylglutaryl coenzyme A; tPA, tissue plas-
minogen activator; PPAR-g, peroxisome proliferator-activated receptor gamma; SMAD, protein transducers involvedwith TGF-B superfamily; COX 2, cyclooxygenase 2; cGMP,
cyclic guanosine monophosphate; EGF, endothelial growth factor; TGF-B1, transforming growth factor-beta 1; GnRH, gonadotropin-releasing hormone. ER, estrogen receptor.

Table 2
Included Antifibrotic Medications From the Four Most Common Classes.

Medication Class

Benazepril ACE inhibitors
Captopril ACE inhibitors
Enalapril ACE inhibitors
Fosinopril ACE inhibitors
Lisinopril ACE inhibitors
Moexipril ACE inhibitors
Quinapril ACE inhibitors
Ramipril ACE inhibitors
Losartan Angiotensin II receptor blocker
Celecoxib COX 2 inhibitors
Rofecoxib COX 2 inhibitors
Atorvastatin HMG CoA reductase inhibitors
Fluvastatin HMG CoA reductase inhibitors
Lovastatin HMG CoA reductase inhibitors
Pitavastatin HMG CoA reductase inhibitors
Pravastatin HMG CoA reductase inhibitors
Rosuvastatin HMG CoA reductase inhibitors
Simvastatin HMG CoA reductase inhibitors

ACE, angiotensin-converting enzyme; COX 2, cyclooxygenase 2; HMG CoA, 3-
hydroxy-3-methylglutaryl coenzyme A.
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TKA patients undergo a secondary procedure for postoperative
stiffness, such as a closed manipulation under anesthesia (MUA),
lysis of adhesions, or revision arthroplasty [6]. As the number of
primary TKA procedures is projected to increase in the years to
come, the patient and societal burden of arthrofibrosis is similarly
likely to increase [7].

Historically, a lack of understanding of the underlying patho-
physiology limited potential treatment approaches to arthrofibrosis
after TKA. More recently, several mechanisms regarding the patho-
genesis of postoperative fibrosis have been elucidated. Broadly, local
inflammation after surgerycauses immune cell stimulation,which, in
turn, results in a cytokine cascade and the release of other inflam-
matory mediators, such as transforming growth factor beta-1 (TGF-
b1), interleukin-1 beta (IL-1b), IL-6, IL-13, IL-133, prostaglandins, and
leukotrienes, which among other actions promote the differentiation
of fibroblasts into myofibroblasts in the operative region [8e10].
Myofibroblasts then produce fibrillar collagens and secrete several
signaling factors, including TGF-b1, IL-1b, IL-33, and other chemo-
kines, which also lead to increased local inflammation and fibrotic
scar formation [11]. In normal tissue healing, inflammation typically
subsides over time, and the number of myofibroblasts decreases,
generally by apoptosis; however, certain patients may experience a
positive feedback loop and a dysregulated response to local tissue
healing, ultimately causing excess scar tissue formation and clinically
manifesting as restricted, and sometimes painful, joint motion
[12,13]. One promising area of research to break this cycle of hyper-
trophic scar formation is the use of various medications, which have
known antifibrotic properties in the acute postoperative period.

Several commonly prescribed medications for other indications
have been shown to also have antifibrotic effects. The four most
frequently prescribed classes of antifibrotic medications included
specific ACE-inhibitors (ACEIs), angiotensin II receptor blockers
(ARBs), COX-2 inhibitors, and HMG CoA reductase inhibitors
[14e16]. Studies in other fields of medicine have suggested use of
these medications may help prevent excessive postoperative
fibrosis and adhesion formation in both animalmodels and humans
[14e17]. To our knowledge, there are no studies in the field of joint
replacement surgery that evaluate the effects of antifibrotic medi-
cations on postoperative stiffness after TKA.

In this study, we employed a large US database of patients un-
dergoing TKA to evaluate perioperative use of antifibrotic
medications and their potential association with postoperative
stiffness after TKA. We hypothesized that (1) perioperative use of
medications with antifibrotic properties was relatively common in
TKA patients, and (2) perioperative use of antifibrotic medications
decreased rates of postoperative stiffness in TKA patients.
Methods

The data for this study were retrieved from the Truven Health
MarketScan database (Truven Health Analytics, Inc, IBM, Armonk,
NY), a claims database consisting of data from patients throughout
the United States with employer-sponsored health insurance. The
MarketScan database contains detailed longitudinal data, including
information from both inpatient and outpatient visits in addition to
pharmaceutical claims [18].

A total of 143,650 patients who underwent primary TKA be-
tween January 1, 2015, through December 31, 2019, were identified.
Patients were queried using the International Classification of



Fig. 1. Number of MUA’s performed per day following TKA surgery. MUA, manipulation under anesthesia.

A. Premkumar et al. / The Journal of Arthroplasty xxx (2022) 1e6 3
Diseases (ICD) 9th edition procedure code 81.54 (TKA) and the ICD
10th edition procedure codes 0SRD0XX or 0SRC0XX (left and right
TKA, respectively). Patients who did not have health insurance for
at least 3months before and after TKA surgery for whomwe did not
have complete data, patients less than 18 years old, and patients
who had multiple surgeries during the study period were excluded
from the cohort.

After applying exclusion criteria, complete data were available
for 101,366 patients undergoing TKA. 29,375 patients were
excluded for lapses in health insurance for at least 3 months before
or after TKA, 12,857 for undergoing multiple surgeries during the
study period, and 52 patients who were less than 18 years of age at
the time of index TKA.

The primary outcome of interest was whether a patient under-
went an MUA procedure (CPT code 27570) within 3 months after
TKA surgery. The primary exposure was the prescription of at least
one of several medications with known antifibrotic properties
during the three months before or after surgery. Only medications
with prior descriptions in the literature as having antifibrotic
properties were considered in the analysis (Table 1) [14e16,19e25].
Antifibrotic medications from the four most common classes were
then evaluated for additional analysis (Table 2).

Additional covariates of interest included patient age at the time
of TKA, sex, Charlson-Deyo comorbidity index, individual Elix-
hauser comorbidities (obesity and depression), sleep apnea, pre-
operative history of opioid use, region of the USA, insurance plan
type, year of surgery, surgery type (bilateral or unilateral), length of
stay (days), discharge status, and total oral morphine equivalents
prescribed within 3 months after surgery (Supplementary Table 1).

Descriptive analyses of all variables were stratified by an MUA
procedure within 3 months after TKA. Categorical variables were
reported as frequencies (%) and compared using chi-square tests,
while continuous variables were reported as mean (standard de-
viation [SD]) or median (interquartile range [IQR]) using Wilcoxon
rank-sum tests. A multivariable logistic regression model was run
to identify the associations between perioperative medication use
and likelihood of undergoing an MUA procedure within three
months after TKA. A second multivariable logistic regression model
was run to identify the association between the perioperative use
of individual medication classes and the likelihood of undergoing
an MUA procedure within three months after TKA. The main effect
(perioperative use of at least one of several medications with
known antifibrotic properties) was included in the models in
addition to the covariates of interest. Odds ratios and 95% confi-
dence intervals were reported. Results with a P < .05 were
considered statistically significant. This study was granted an
exemption by our institutional review board. All analyses were
conducted using SAS version 9.4 (SAS Institute, Cary, NC).

Results

Of the 101,366 patients that met inclusion criteria, 4,536 (4.5%)
patients underwent an MUA procedure within 3 months after TKA
surgery. The mean age for the total cohort was 57.5 years (SD 5.3).
The mean age for those who underwent MUAwas slightly younger
than those who did not (mean 56.1, SD 5.8 vs mean 57.6, SD 5.3; P <
.001). Females represented 59.9% of the total cohort and were also
more likely to undergo MUA; 65% of those who had an MUA were
female, while for those who did not undergo an MUA females
comprised 59.7% (P < .001). The mean length of stay for the total
cohort was 2.1 days (SD 2.5), and was slightly higher for those who
had an MUA (mean 2.2, SD 1.7) compared to those who did not
(mean 2.1, SD 2.5, P < .001). When performed, MUAs occurred on
average 56.7 days after index TKA (SD 15.9 days, Figure 1).

Antifibrotic Medication Use

Among the entire cohort, 53,435 (52.7%) were prescribed at
least one of several medications with known antifibrotic properties
(Table 2) during the three months before or after TKA surgery. HMG
CoA reductase inhibitors (statins) were the most common medi-
cation class prescribed, with 30,896 (30.5%) of patients taking this
medication class perioperatively. Cox-2 inhibitors were prescribed
to 17,967 (17.7%) of the cohort. ACE inhibitors were prescribed to
16,980 (16.8%) of the cohort. Last, angiotensin II receptor blockers
were the least common medication class prescribed, with 7,286
(7.2%) of the cohort taking this medication class perioperatively.

Among the entire cohort, 47,931 (47.3%) were not prescribed any
medications with known antifibrotic effects; 35,924 (35.4%) were
prescribed a single medicationwith antifibrotic properties from the
four most common classes, and 17,511 (17.2%) were prescribed at
least two medications with antifibrotic properties from different
classes. There did not appear to be a synergistic effect of decreased
manipulation procedures among those who had prescriptions of



Table 3
Multivariable Regression Evaluating Likelihood of Undergoing Manipulation Under
Anesthesia After Primary TKA.

Variable Knee Manipulation

OR (95% CI) P-Value

ACE Inhibitors 0.91 (084-1.00) .0417
Angiotensin II receptor blocker 0.80 (0.70-0.91) .0007
COX 2 inhibitors 0.88 (0.81-0.96) .0022
HMG CoA reductase Inhibitors 1.01 (0.94-1.08) .8734
Age
18-49 1.97 (1.78-2.18) <.0001
50.54 1.63 (1.50-1.78) <.0001
55.59 1.26 (1.17-1.35) <.0001
60þ Reference <.0001

Sex
Male 0.75 (0.71-0.80) <.0001
Female Reference

Charlson-Deyo Comorbidity Index
0 Reference
1 1.03 (0.96-1.11) .437
2 1.02 (0.89-1.17) .7923
3 0.92 (0.78-1.09) .3391

Obesity 0.77 (0.72-0.82) <.0001
Sleep apnea 0.87 (0.79-0.95) .0028
Depression 0.63 (0.56-0.70) <.0001
Opioid naive 1.36 (1.27-1.45) <.0001
Region
Northeast Reference
North Central 1.13 (1.02-1.25) .0215
South 0.96 (0.88-1.06) .4372
West 1.30 (1.16-1.46) <.0001
Unknown 0.73 (0.32-1.66) .4524

Insurance Plan Type
Comprehensive Reference
EPO 0.94 (0.67-1.31) .6992
HMO 0.92 (0.77-1.09) .3189
P0S 1.01 (0.84-1.22) .8931
PPO 0.96 (0.83-1.12) .6306
POSw/capitation 1,54 (1.11-2.14) .0106
CDHP/HDHP 0.86 (0.73-1.01) .0584
Other/Unknown 1.55 (1.23-1.96) .0002

Years of Procedure
2015 Reference
2016 1.05 (0.96-1.15) .2511
2017 1.20 (1.09-1.31) .0001
2018 1.32 (1.20-1.46) <.0001
2019 1.47 (1.32-1.65) <.0001

Bilateral 1.07 (0.98-1.17) .144
Length of Stay 1.01 (1.00-1.02) .0022
Discharge Status
Home Reference
Home health service 1.04 (0.97-1.11) .2612
Transfer to other facility 1.22 (1.07-1.38) .0028
Other/unknown 0.95 (0.84-1.07) .3945

Total OME within 3 mo after surgery
0-99 Reference
100-199 1.47 (1.35-1.61) <.0001
200-299 2.35 (2.14-2.58) <.0001
300-399 3.25 (2.92-3.61) <.0001
400þ 4.62 (4.19-5.08) <.0001

ACE, angiotensin-converting enzyme; COX 2, cyclooxygenase 2; HMG CoA, 3-
hydroxy-3-methylglutaryl coenzyme A; EPO, exclusive provider organization;
HMO, health maintenance organization; POS, point of service; PPO, preferred pro-
vider organization; CDHP, consumer direct health plan; HDHP, high deductible
health plan; OME, oral morphine equivalents.
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antifibrotic medications from multiple medication classes (P ¼
.301).

Predictors of MUA

Perioperative use of any antifibrotic medication was associated
with a lower likelihood of undergoing MUA (P < .001). When
controlling for age, sex, comorbidities, opioid use, length of stay,
among other variables, while the use of HMG CoA reductase
inhibitors was not associated (OR 1.01, CI 0.94-1.08, P ¼ .873),
perioperative use of specific ACE inhibitors (OR 0.91, CI 0.84-1, P ¼
.042), COX-2 inhibitors (OR 0.88, CI 0.81-0.96, P ¼ .002), and
angiotensin II receptor blockers, specifically losartan (OR 0.80, CI
0.70-0.91, P¼ .007) all remained significantly associated with lower
rates of MUA (Table 3).

When compared to patients over the age of sixty, younger pa-
tients were more likely to undergo MUA than older patients (age
18-49: OR 1.97 (CI 1.78-2.18), age 50-54: OR 1.63 (CI 1.5-1.78), age
55-59: OR 1.26 (CI 1.17-1.35). Male patients were less likely to un-
dergo an MUA (OR 0.76, CI-0.71-0.81). Specific comorbidities such
as obesity (OR 0.77, CI 0.72-0.82), sleep apnea (OR 0.87, CI 0.79-
0.95), and depression (OR 0.63, CI 0.56-0.70) were associated with a
lower risk of MUA in this cohort. Regarding postoperative opioid
prescriptions, compared to those who were prescribed 0-99 oral
morphine equivalents (OME) postoperatively, those prescribed
greater OME were all more likely to undergo MUA: 100-199 OME
(OR 1.47, CI 1.35-1.61), 200-299 OME (OR 2.35, CI 2.14-2.58), 300-
399 OME (OR 3.25, CI 2.92-3.61), and greater than 400 OME (OR
4.62, CI 4.19-5.08). Last, patients who were discharged to another
healthcare facility other than their own home postoperatively were
more likely to undergo MUA in this cohort (OR 1.22, CI 1.07-1.38).

Discussion

This study, spanning over a hundred thousand primary TKA
procedures over a recent five-year period, demonstrates an asso-
ciation between perioperative use of specific medications with
antifibrotic properties and a decreased rate of MUA. Notably, over
half of the patients were prescribed at least one medication from
the four most common classes of medications with antifibrotic
properties, indicating their relatively high use and general safety
profile in this patient population.

While this study utilized an employer-sponsored insurance
database, there were several consistencies between our findings
and that of other studies evaluating stiffness after TKA. While the
rate of MUA after TKAvaries widely in the literature (0.5%-9.9%), the
rate of manipulation in this study (4.5%) is generally in line with
several prior large-scale studies from both US employer-based
health insurance and Medicare populations, as well as from
several international TKA populations (4.3%-7.3%) [26e34]. In
addition, several of the risk factors we found to be associated with
MUA were consistent with prior studies. For example, both female
sex and younger age have both been consistently associated with
postoperative stiffness and MUA after TKA [31,35e37]. Unfortu-
nately, due to the nature of the available data, we were unable to
include other well-established risk factors for postoperative stiff-
ness in our models, such as preoperative knee range of motion,
prior knee surgeries, prior smoking history, and the presence of
certain comorbidities [11,38e40]. It should be noted that in many
cases, these patient-specific risk factors are either nonmodifiable or
only partially modifiable prior to TKA. We were also unable to
assess for surgical technique, and it should be noted that technique-
associated errors, such as asymmetric gap balancing or inappro-
priately sized components, are common causes of arthrofibrosis,
and surgeons should rule these out postoperatively.

Our study highlights the potential role of perioperative use of
medications with antifibrotic properties on reducing stiffness after
TKA. Regarding potential therapeutic targets, aberrant TGF-b1
signaling has been implicated as a central mediator in the patho-
physiology of postoperative fibrosis in several basic, translational,
and clinical studies [12,41,42]. Specifically, TGF-b1 is thought to
bind to cell surface serine/threonine kinase receptors that, in turn,
phosphorylate intracellular Smad 2/3 transcription factors to
induce collagen production and deposition [43]. While several
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antifibrotic medications evaluated in this study were associated
with decreased MUA risk after TKA, none had a greater association
than losartan, an angiotensin II receptor blocker, which exerts its
antifibrotic effect by inhibiting excess TGF-b1 signaling. Losartan
has demonstrated promise in reducing fibrosis in several disci-
plines, including cardiology, pulmonology, urology, nephrology, as
well as after skeletal muscle injury [44e48]. Losartan’s primary
indication is used as an antihypertensive through its blockade of
angiotensin II Type 1 (AT1) receptors and is generally considered to
be very well tolerated by most patients since its introduction in
1995 [49]. Unlike ACEIs, losartan and other ARBs are not considered
to cause rebound hypertension upon discontinuation, are not
associated with severe cough in some patients, and do not
adversely affect lipid profiles. In general, ARBs should be avoided in
patients who have renal artery stenosis, low blood pressure, and in
those with high potassium or other specific electrolyte abnormal-
ities. Future work is required to assess the role of this and similar
antifibrotic medications. The current investigation was not
designed nor standardized to evaluate a specific regimen and its
effects on postoperative stiffness after TKA, and additional inves-
tigation is required to confirm the associations seen in this inves-
tigation in other TKA populations.

Separately from our findings regarding antifibrotics, we noted
that greater postoperative opioid prescribing was associated in a
dose-dependent manner with a greater risk of MUA after TKA. Prior
studies have noted that patients who have increased post-TKA pain
may have increased rates of stiffness requiring MUA and have used
rates of MUA as an outcome measure to evaluate the pain control
and safety of a reduced postoperative opioid regimen [50]; how-
ever, to our knowledge, no prior study has documented a clear dose
dependent-association of increased opioid use and increased MUA
risk. These findings deserve further investigation and corroboration
in other populations and are another potential perioperative
pharmacotherapeutic target to reduce stiffness in high-risk pop-
ulations after TKA.

This study had several limitations. First, our evaluation was
limited to patients who have employer-sponsored health insur-
ance. For identifying patients who had appropriate follow-up
within the Truven Marketscan database, several patients were
excluded from analysis; thus, the analyzed population may not
adequately reflect all TJA patients. While we are unable to fully
compare all variables between excluded and included patients, as
we do not have complete data for those with interrupted insur-
ance coverage, we did find that basic demographic information
was similar between included and excluded groups. Notably, we
excluded patients who underwent multiple procedures within
the acute postoperative period to limit confounding of other
causes of revision. It is possible that a small percentage of these
patients may have undergone additional surgeries due to post-
operative stiffness; however, if this was the case, it is likely that
revision surgeries for stiffness within 90 days of index TKA were
due to specific identifiable and addressable technical errors (eg
malpositioned components or inappropriate sizing) and less
relevant in our evaluation on whether the use of perioperative
antifibrotic medications may be inversely associated with post-
operative stiffness. Furthermore, data from the included patients
in this study appears to be similar to previously published rates
of MUA from other patient populations undergoing TKA. As we
relied on the evaluation of claims data, we have assumed that
antifibrotic medications prescribed were ultimately consumed.
Nevertheless, the number of patients afforded by this study
design and specific database provides adequate power to detect
differences in rates of medication prescription and MUA and
evaluate global trends between antifibrotic medication use and
rates of stiffness after TKA.
In conclusion, this study, spanning over a hundred thousand
primary TKA procedures over a recent five-year period, demon-
strates an association between perioperative use of specific medi-
cations with antifibrotic properties and a decreased rate of MUA.
These data will help inform future studies aimed to prospectively
evaluate the potential of antifibrotic medications in preventing
postoperative stiffness in high-risk patients undergoing knee
arthroplasty.
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Appendix
Supplementary Table 1
ICD Codes to Identify Depression, Obesity and Sleep Apnea.

Obesity
ICD-9 2780,6491,V853,V854,V8554,79391
ICD-10 E661,E662,E668,E669,R939,E6601,E6609,O99210,O99211,O99212,O99213,O99214,O99215,Z6830,Z6831,

Z6832,Z6833,Z6834,Z6835,Z6836,Z6837,Z6838,Z6839,Z6841,Z6842,Z6843,Z6844,Z6845,Z6854
Depression
ICD-9 3004,3090,3091311,30112
ICD-10 F341,F32,F33,F0631,F0632,F0634

Sleep Apnea
ICD-9 78603,78053,78051,78057,32720,32721,32722,32723,32724,32725,32726,32727,32729
ICD-10 R0681,G4730,G4731,G4733,G4734,G4735,G4736,G4737,G4739

ICD-9, international classification of diseaseeninth revision; ICD-10, international classification of diseaseetenth revision.
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