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Background  
Database studies demonstrate a strong association between use of direct oral 
anticoagulant (DOAC) medications and stiffness following total knee arthroplasty (TKA). 
The goal of this study was to evaluate whether the risk of stiffness in patients receiving a 
DOAC was affected by concomitant use or avoidance of a selective COX-2 inhibitor, when 
compared to a control group of patients receiving aspirin. 

Methods  
Consecutive primary TKA’s performed at a single institution between January 2014 - 
September 2019 were retrospectively reviewed. During this period, a risk-stratification 
algorithm for prophylaxis against venous thromboembolism (VTE) was used, with DOACs 
selected for patients at elevated VTE risk and aspirin for the remainder. Patients who 
required manipulation under anesthesia (MUA) within six months of index TKA were 
identified. Arc of motion (AOM) data at 6-weeks, 3-months, and 1-year was collected. 
Patients were divided into 3 groups based on postoperative medications prescribed: (a) 
Aspirin, (b) DOAC alone, and (c) DOAC + NSAID. Categorical variables were analyzed 
using Fisher’s Exact Tests and Pearson’s Chi-Square, while continuous variables were 
analyzed using Student’s T-test. Multivariate logistic regression was used to assess MUA 
risk while controlling for demographic differences. 

Results  
Forty patients underwent MUA from a population of 1,358 TKAs (2.9%). There was a 
significantly increased risk of MUA in patients where DOACs were used and concomitant 
NSAIDs were avoided when compared to the control group of patients receiving aspirin 
(5.4% vs 2.7%, OR 3.17; p = 0.029). This increased risk was not present when DOACs were 
used concomitantly with NSAIDs (3.1% vs 2.7%, OR 1.30; p = 0.573). In addition, less 
consistent AOM was achieved at 1-year postoperatively in the DOAC alone group 
compared to the control group of patients receiving aspirin (p=0.034). 

Conclusions  
Compared to aspirin anticoagulation, patients receiving DOACs without concomitant 
NSAIDs were more likely to develop postoperative stiffness requiring MUA and achieved 
less predictable AOM. The addition of selective COX-2 inhibitors may mitigate some risk 
of stiffness following primary TKA when anticoagulation with DOACs is necessary. 

INTRODUCTION 

Postoperative stiffness can limit range of motion, cause 
persistent pain, reduce functional status, and decrease 
overall patient satisfaction following total knee arthro

plasty (TKA) (Bong and Di Cesare 2004; Manrique, Gomez, 
and Parvizi 2015; Scuderi 2005; Kurosaka et al. 2002; 
Laubenthal, Smidt, and Kettelkamp 1972). The etiology of 
stiffness following TKA is multifactorial and incompletely 
understood, as it has been associated with various demo
graphic, intraoperative, and postoperative factors (Kornuijt 
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et al. 2018). Early postoperative stiffness is often attributed 
to arthrofibrosis, a condition of excessive intraarticular scar 
tissue formation characterized by proliferation of proin
flammatory signal molecules and extracellular matrix com
ponents in the joint space (Cheuy et al. 2017). Arthrofi
brosis-related stiffness is conservatively estimated to affect 
approximately 12% of TKAs performed, or over 85,000 pa
tients annually in the United States (Cheuy et al. 2017; 
Stephenson, Quimbo, and Gu 2010; Thompson et al. 2019). 
Manipulation under anesthesia (MUA) is an effective 

treatment for persistent early stiffness following TKA, one 
which is typically performed in the first six to twelve weeks 
following the index surgery (Kornuijt et al. 2018; Cheuy et 
al. 2017; Gu et al. 2018; Pivec et al. 2013). A 2018 system
atic review found that the mean prevalence of MUA follow
ing TKA was 5.8% (Gu et al. 2018). MUA rates are often used 
as a proxy for the number of patients experiencing rates of 
clinically significant stiffness following TKA. 
Chemoprophylaxis is required following TKA to prevent 

venous thromboembolism (VTE). The American Academy 
of Orthopedic Surgeons (AAOS) recommends stratification 
of patients based on VTE risk but acknowledges an inability 
with current evidence to recommend one anticoagulation 
regimen as optimal (Nam et al. 2016; Lieberman and Hsu 
2005; Mont and Jacobs 2011; Johanson et al. 2009). Our in
stitution uses a risk-stratification protocol in which low-
risk patients receive aspirin while high-risk patients receive 
a direct oral anticoagulant (DOAC) (Parvizi et al. 2016a), 
typically rivaroxaban. Relevant to this choice of antico
agulant, a large population-level database study recently 
demonstrated a significant association between use of non-
aspirin anticoagulants such as DOACS and increased rates 
of MUA (Kahlenberg et al. 2018), however the reasons for 
this association were unclear. 
Non-steroidal anti-inflammatory drugs (NSAIDs) with 

selective COX-2 inhibition are often concurrently pre
scribed following TKA to reduce inflammation. Routine use 
of these selective COX-2 inhibitors has been associated 
with less postoperative pain and increased range of motion 
in both the immediate post-operative period and at one 
year postoperatively (Buvanendran et al. 2003; Lin, Zhang, 
and Yang 2013; Huang et al. 2008; Schroer et al. 2011). 
While routinely given to patients after TKA, these COX-2 
inhibitors are commonly withheld from patients anticoag
ulated with DOACs due to a perceived increase in bleeding 
risk (Kreutz et al. 2016; Sherwood et al. 2015; Desai et al. 
2013) despite the selective action of the cyclooxygenase-2 
inhibition only in the production of prostaglandins. Thus, 
in the patient population who receives a DOAC for VTE pro
phylaxis, it is unclear if the increased risk of stiffness in 

these patients is potentially related to something intrinsic 
to administration of the DOAC, or if it is simply a reflection 
of NSAID avoidance during the period of DOAC administra
tion. 
The goal of this study was to evaluate whether the risk 

of stiffness in TKA patients receiving DOAC anticoagulation 
was affected by concomitant use or avoidance of a selective 
COX-2 inhibitor, when compared to a control group of pa
tients receiving aspirin. 

METHODOLOGY 

An institutional registry was used to retrospectively iden
tify all patients who underwent primary TKA between Jan
uary 2014 and September 2019 performed by one of three 
fellowship-trained arthroplasty surgeons at a single aca
demic medical center. Approval from an Institutional Re
view Board was obtained prior to any data collection or data 
analysis being performed. 
Demographic data including sex, body mass index (BMI), 

age, and American Society of Anesthesiologists (ASA) class 
scores were collected from patient charts. Medical records 
were reviewed to determine which postoperative anticoag
ulant was used, whether a postoperative NSAID was pre
scribed, and whether the patient required MUA anytime in 
the first year after surgery. When NSAIDs were prescribed, 
the patient either received 15 mg of meloxicam or 200 mg 
of celecoxib to be taken daily. A recent study showed that 
while meloxicam is less selective than celecoxib as it also 
partially inhibits COX-1, it is very similar to celecoxib and 
does not increase rates of gastrointestinal or wound com
plications (Haffar et al. 2022). In addition, preoperative and 
postoperative arc of motion (AOM) were documented, with 
notation of those failing to achieve 118° AOM postopera
tively (Ritter et al. 2008). 
Over the study period, a minority of patients on preop

erative anticoagulation regimens were continued on these 
same regimens postoperatively. For the majority not on an
ticoagulation preoperatively, a risk-stratification algorithm 
was used to determine choice of postoperative anticoagu
lation. Patients were stratified to receive either aspirin or 
DOAC anticoagulation based on VTE risk according to pub
lished protocols that incorporate demographics and comor
bid conditions (Parvizi et al. 2014, 2016b). 
Inclusion criteria for this study were based on postoper

ative medications prescribed. Patients were included if they 
fit into one of three groups: (a) Aspirin + NSAID: aspirin an
ticoagulation with the addition of a COX-2 inhibitor NSAID, 
(b) DOAC Alone: DOAC anticoagulation without the addi
tion of a COX-2 inhibitor, or (c) DOAC + NSAID: DOAC an
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ticoagulation with the addition of a COX-2 inhibitor. Any 
warnings about concomitant administration of DOACs and 
NSAIDs were bypassed in the electronic medical record sys
tem. Patients on pre-existing anticoagulant medications 
(such as warfarin or clopidogrel) were continued on that 
regimen perioperatively and excluded from analysis in this 
study, as each of these groups were too small for analysis. 
Patients with unknown anticoagulation regimens as well 
as those patients with documented compliance difficulties 
were also excluded. The DOAC + NSAID and DOAC Alone co
horts were combined for some comparisons to the Aspirin + 
NSAID cohort as noted. 
The indication for MUA was made on an individual basis 

by the attending surgeon and patient between postopera
tive week 6 and week 12 based on the difference between 
preoperative AOM and current AOM, patient preference, 
and physician recommendation. The vast majority of pa
tients undergoing MUA had an AOM less than 90 degrees, 
but occasional patients were indicated for MUA if they had 
an AOM of greater than 90 degrees but one that fell well 
short of expectations. 

STATISTICAL ANALYSIS 

Categorical variables were analyzed using Fisher’s Exact 
Tests and Pearson’s Chi-Square tests where appropriate, 
while continuous variables were analyzed using Student’s 
T-test. Multinomial logistic regression was then used to ob
tain odds ratios for MUA risk while controlling for age, BMI, 
sex, and ASA class. Basic analyses were performed using 
Excel data analysis tool version 16.0 (Microsoft, Inc.). Mul
tivariate logistic regression, controlling for demographic 
differences, was performed using SPSS Statistics version 
26.0 (IBM, Inc.) 

RESULTS 

STUDY GROUPS AND PATIENT CHARACTERISTICS 

Over the 69-month study period, 1590 primary TKAs were 
performed. All 1590 TKAs were completed with a tourni
quet. Of these, 1358 (85.4%) met inclusion criteria. 232 
(14.6%) patients were excluded secondary to having a pre-

existing or unknown anticoagulation regimen. Of those 
meeting inclusion criteria, 1071 (78.9%) patients were risk-
stratified to receive aspirin (Aspirin + NSAID) while 287 
(21.1%) were risk-stratified to receive a DOAC. A variety of 
DOACs were prescribed during the study period. Rivarox
aban 10mg daily was the standard regimen prescribed un
less the patient was already taking a DOAC or the patient’s 
medical doctor requested a different DOAC medication or 
dose regimen. Overall, of patients receiving DOACs, 237 
(82.6%) received rivaroxaban, 44 (15.3%) apixaban, and 6 
(2.1%) dabigatran. Dosing for rivaroxaban consisted of 210 
patients at 10mg daily, 9 patients at 15mg daily, and 18 
patients at 20mg daily. Dosing for apixaban consisted of 
23 patients at 2.5mg daily, 19 patients at 5mg daily, and 
2 patients at 10mg daily. Dosing for dabigatran consisted 
of 5 patients at 150mg daily and 1 patient at 75mg daily. 
Demographic comparisons between patients receiving as
pirin vs. DOAC prophylaxis found that patients receiving 
DOACs were significantly older with higher ASA scores and 
were more likely to be female than patients in the Aspirin + 
NSAID cohort (Table 1). 
Of the patients receiving a DOAC, 195 (67.9%) received 

a concomitant NSAID (the DOAC + NSAID cohort) while 
NSAIDs were avoided entirely in 92 (32.1%) patients (the 
DOAC Alone cohort). Demographic comparison of the two 
patient cohorts who received a DOAC (Table 2) indicates 
that patients in the DOAC Alone cohort were significantly 
older with higher ASA scores than patients in the DOAC + 
NSAID cohort. Additionally, the proportion of female pa
tients in the DOAC + NSAID cohort was significantly 
greater. 

ASPIRIN VS. DOAC ALONE AND ASPIRIN VS. DOAC + 
NSAID 

The multivariate logistic regression demonstrated no sig
nificant difference in MUA rates between the overall group 
of patients receiving DOACs vs those receiving aspirin (OR 
1.768, 95% CI: 0.839 – 3.725, p = 0.134) (Table 3). However, 
comparing the individual DOAC cohorts to the Aspirin + 
NSAID cohort using multivariate regression analysis 
demonstrated a significantly increased risk of MUA in the 
DOAC Alone cohort (OR 3.174, 95% CI: 1.123 – 9.974, p = 
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Table 1. Aspirin + NSAID and DOAC cohorts demographics comparison         

Aspirin 
+ 

NSAID 

DOAC 
Cohorts 

p - value 

 n = 1071 287  

Age (years) 68.2 ± 9.1 

Combined 70.6 ± 9.3 <0.001* 

DOAC + NSAID 69.8 ± 8.9 0.022* 

DOAC Alone 72.4 ± 9.9 <0.001* 

BMI 30.4 ± 5.5 

Combined 31.0 ± 6.3 0.131 

DOAC + NSAID 30.9 ± 6.5 0.221 

DOAC Alone 31.0 ± 6.1 0.292 

Female, n (%) 735 (68.6) 

Combined 226 (78.7) <0.001* 

DOAC + NSAID 162 (83.1) <0.001* 

DOAC Alone 64 (69.6) 0.907 

ASA Score 

Combined <0.001* 

DOAC + NSAID 0.001* 

DOAC Alone <0.001* 

I 25 (2.3) 

Please refer to Table 2 for 
DOAC cohorts ASA score 

summaries 

II 787 (73.5) 

III 259 (24.2) 

IV 0 (0.0) 

NSAID, non-steroidal anti-inflammatory drug; DOAC, direct oral anticoagulant; ASA, American Society of Anesthesiologists; BMI, body mass index. 
* Denotes significance at p < 0.05 

0.029). This increased risk was not present in the DOAC + 
NSAID cohort when compared to the Aspirin + NSAID co
hort (OR 1.303, 95% CI: 0.518 – 3.277, p = 0.573). 
Additionally, significantly more patients in the Aspirin 

+ NSAID cohort achieved 118° AOM at 3-month follow-up 
than in the DOAC + NSAID (54.9% vs 42.7%, p = 0.006) or 
DOAC Alone (54.9% vs 38.5%, p = 0.006). Furthermore, at 
1-year follow-up, significantly more patients in the Aspirin 
+ NSAID cohort achieved 118° AOM than in the DOAC Alone 
cohort (67.5% vs 51.1%, p = 0.034), however, no significant 
difference was observed between the Aspirin + NSAID co
hort and the DOAC + NSAID cohort (67.5% vs 61.5%, p = 
0.252) (Table 4). 

DOAC ALONE VS. DOAC + NSAID 

Among the 287 primary TKA patients who received DOAC 
anticoagulation, 11 (3.83%) required MUA, with no signif
icant difference found between the DOAC + NSAID cohort 

(6 patients, 3.08%) and the DOAC Alone cohort (5 patients, 
5.43%; p = 0.338) (Table 5). Although statistical trends were 
noted in favor of the DOAC + NSAID group, controlling for 
demographic factors with multivariate logistic regression 
again demonstrated no significant difference in MUA rates 
(OR 0.411, 95% CI: 0.117– 1.437, p = 0.164) (Table 3). No 
significant difference was found in the change from pre-op 
AOM at 6 weeks follow-up (-7.7° vs. -10.1°, p = 0.342). The 
proportion of patients achieving 118° AOM 3 months post
operatively (42.7% vs. 38.5%, p = 0.573) and 1 year postop
eratively (61.5% vs. 51.1%, p = 0.285) were also not signifi
cantly different (Table 5). 
Notably, there were no observed or reported bleeding 

complications in any of the 195 patients in the DOAC + 
NSAID cohort. 
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Table 2. DOAC cohort patient demographics     

All 
DOAC 

Patients 

DOAC 
+ 

NSAID 

DOAC 
Alone 

p - value 

 n = 287 195 92  

Age (years) 70.6 ± 9.3 69.8 ± 8.9 72.4 ± 9.9 0.026* 

BMI 31.0 ± 6.3 30.9 ± 6.5 31.0 ± 6.1 0.904 

Female, n (%) 226 (78.7) 162 (83.1) 64 (69.6) 0.013* 

ASA Score < 0.001* 

I 9 (3.1) 8 (4.1) 1 (1.1) 

II 152 (53.0) 117 (60.0) 35 (38.0) 

III 125 (43.6) 69 (35.4) 56 (60.9) 

IV 1 (0.3) 1 (0.5) 0 (0.0) 

NSAID, non-steroidal anti-inflammatory d NSAID, non-steroidal anti-inflammatory drug; DOAC, direct oral anticoagulant; ASA, American Society of Anesthesiologists; BMI, body 
mass index. 
* Denotes significance at p < 0.05. 

Table 3. Multivariate logistic regression for MUA rate       

Comparison Odds Ratio (95% CI) p - value 

DOAC + NSAID compared to DOAC Alone 0.411 (0.117 – 1.437) 0.164 

Combined DOAC cohorts compared to Aspirin + NSAID 1.768 (0.839 – 3.725) 0.134 

DOAC + NSAID compared to Aspirin + NSAID 1.303 (0.518 – 3.277) 0.573 

DOAC Alone compared to Aspirin + NSAID 3.174 (1.123 – 9.974) 0.029* 

MUA, Manipulation under anesthesia; NSAID, Nonsteroidal anti-inflammatory drug; DOAC, direct oral anticoagulant 
* Denotes significance defined as p < 0.05 
Odds Ratios are adjusted to control for Age, BMI, Sex, and ASA Class 

DISCUSSION 

This single-institution study of 1358 primary elective TKAs 
presents an interesting contrast to a previous large, popu
lation-level database study, which found higher MUA rates 
in patients anticoagulated with DOACs compared to those 
receiving aspirin (Kahlenberg et al. 2018). When controlling 
for baseline differences between the DOAC and aspirin 
groups, we found no significantly increased risk of MUA in 
those anticoagulated with DOACs. However, when we strat
ified the DOAC cohort into those that received a concomi
tant selective COX-2 inhibitor NSAID versus those in which 
it was avoided, we found that NSAID avoidance in this 
group was indeed associated with an increased risk of MUA 
and poorer AOM outcomes at 3-months and 1-year. Ritter 
et al. reported a substantial decrease in functionality and 
overall outcome after TKA when patients did not achieve 
118° of AOM which is why this cutoff of 118° was used 
to define poor AOM outcomes (Ritter et al. 2008). Further
more, concomitant administration of the COX-2 NSAID ap
peared to mitigate the MUA risk of the DOAC, and since this 
combination represented the majority of the patients who 
received DOAC anticoagulation at our institution, this may 
explain the lack of an observed difference in postoperative 
stiffness between aspirin and DOACs. 
Our population included 287 patients who were pre

scribed DOACs because of a perceived elevated risk of post
operative VTE. A direct comparison of the two subgroups 

receiving DOACs (DOAC Alone vs DOAC + NSAID) found no 
significant differences in MUA rates or postoperative AOM, 
but was likely underpowered to adequately evaluate for any 
differences. Notable is the trend toward a potential bene
fit of concomitant NSAID use with DOAC anticoagulation 
(p = 0.164). Including comparison to the 1071 standard-risk 
patients in the Aspirin + NSAID cohort allows us to fur
ther characterize the impact the addition of an NSAID had 
on the patients receiving DOACs. After controlling for BMI, 
sex, age, and ASA class, the odds ratio found no signifi
cant difference for having an MUA when the DOAC + NSAID 
cohort was compared to the Aspirin + NSAID cohort (OR = 
1.303, p = 0.573). In contrast, the odds ratio for patients 
taking the DOAC without an NSAID demonstrated signif
icantly greater odds of having an MUA than the aspirin 
group (OR = 3.174, p = 0.029). 
Kahlenberg et al. proposed in their database study that 

their finding of lower rates of MUA when aspirin is used 
postoperatively might be explained by aspirin’s inhibitory 
effect on the cyclooxygenase enzymes (Kahlenberg et al. 
2018). Cyclooxygenase-2 (COX-2) has been implicated as a 
key mediator for the molecular pathway by which fibrotic 
periarticular tissue forms and persists in arthrofibrosis 
(Parvizi et al. 2006). Arthrofibrosis is noted as the most sig
nificant cause of intrinsic postoperative knee stiffness once 
technical factors in component sizing, positioning, and de
sign are excluded (Jaiswal et al. 2012). Blockade of the 
COX-2 enzyme may potentially explain why the addition 
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Table 4. Aspirin + NSAID arc of motion and MUA rate comparison           

Aspirin 
+ 

NSAID 

DOAC 
Cohorts 

p - value 

Pre-op AOM (degrees) 109.0 ± 17.5 

Combined 106.8 ± 16.8 0.076 

DOAC + NSAID 107.7 ± 15.8 0.361 

DOAC Alone 105.0 ± 18.7 0.048* 

Change in AOM at 6 weeks post-op (degrees) -7.0 ± 19.1 

Combined -8.5 ± 18.7 0.267 

DOAC + NSAID -7.7 ± 17.6 0.655 

DOAC Alone -10.1 ± 20.7 0.160 

Proportion of patients achieving 118° AOM 3 months 
post-op 

54.9% 

Combined 41.2% <0.001* 

DOAC + NSAID 42.7% 0.006* 

DOAC Alone 38.5% 0.006* 

Proportion of patients achieving 118° AOM 1 year post-
op 

67.5% 

Combined 58.3% 0.048* 

DOAC + NSAID 61.5% 0.252 

DOAC Alone 51.1% 0.034* 

MUAs Performed 29 

Combined 11 0.326 

DOAC + NSAID 6 0.811 

DOAC Alone 5 0.183 

% Patients Requiring MUA 2.71% 

Combined 3.83% 

DOAC + NSAID 3.08% 

DOAC Alone 5.43% 

MUA, manipulation under anesthesia; NSAID, Nonsteroidal anti-inflammatory drug; DOAC, direct oral anticoagulant; AOM, arc of motion 
* Denotes significance at p < 0.05. 

Table 5. Arc of motion and observed MUAs in DOAC patients          

All 
DOAC 

Patients 

DOAC 
+ 

NSAID 

DOAC 
Alone 

p - 
value 

Pre-op AOM (degrees) 106.8 ± 16.8 107.7 ± 15.8 105.0 ± 18.7 0.231 

Change in AOM at 6 weeks post-op 
(degrees) 

-8.5 ± 18.7 -7.7 ± 17.6 -10.1 ± 20.7 0.342 

Proportion of patients achieving 118° AOM 
3 months post-op 

41.2% 42.7% 38.5% 0.573 

Proportion of patients achieving 118° AOM 
1 year post-op 

58.3% 61.5% 51.1% 0.285 

MUAs Performed 11 6 5 0.338 

% Patients Requiring MUA 3.83% 3.08% 5.43% 

MUA, manipulation under anesthesia; NSAID, Nonsteroidal anti-inflammatory drug; DOAC, direct oral anticoagulant; AOM, arc of motion 

of a selective COX-2 inhibitor NSAID in patients receiving 
DOACs may provide some clinical benefit in decreasing risk 
of stiffness, as occurs in those receiving aspirin anticoagu
lation along with selective COX-2 inhibitor NSAIDs. How
ever, it is unclear whether patients with decreased stiffness 
are seeing these benefits due to better pain management 
and increased physical therapy sessions or due to reduced 
scar tissue formation. 
Hemarthrosis has also been proposed as another possi

ble explanation for the increased stiffness associated with 
non-aspirin anticoagulation and is thus often used as ra
tionale limiting the use NSAIDs in those patients given the 

presumed increased risk of bleeding. However, the stage 
3 randomized RECORD and ADVANCE trials which led to 
FDA approval for rivaroxaban and apixaban, respectively, 
for use as VTE prophylaxis following TKA observed rates of 
hemarthrosis as low as 0.1% when using these medications 
(Turpie et al. 2009; Lassen et al. 2010). A recent randomized 
trial comparing 81mg ASA to 10mg rivaroxaban following 
TKA and THA also found lower rates of any bleeding event 
in the rivaroxaban group (0.99% vs. 1.29%) (Anderson et 
al. 2018). With the low rates of overall bleeding events and 
the scarcity of reported hemarthrosis, this explanation does 
not appear to adequately explain the previously reported 
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increased rates of stiffness in patients receiving DOAC an
ticoagulation. Further investigation is necessary both clin
ically and in molecular lab studies to provide clarity to the 
underlying cause of an increased MUA risk in patients who 
take DOACs following primary TKA. 
This study is most notably limited by its sample size 

and statistical power. An a priori format power analysis 
demonstrates that based on the MUA rate of 4.17% in pa
tients receiving DOACs (Kahlenberg et al. 2018), to achieve 
80% power towards detecting a 30% reduction in incidence 
of MUA in a comparison of patients receiving DOACs vs 
DOACs + NSAIDS would require 3,555 patients in each co
hort for a total number of 7,110 patients in each of those 
groups. Given that only patients deemed high-risk for VTE 
typically receive this treatment, this study size is likely un
realistic for a single-center series without spanning many 
years. The large sample size required stems from the rela
tive rarity of MUAs observed in a given patient population. 
The authors feel that despite the low power achieved and 
given that the required sample size is likely unattainable 
for a single-institution, the current study makes valuable 
observations indicating possible beneficence of NSAID ad
ministration in DOAC patients and notes a lack of bleeding 
complications with that treatment in this sample. Ideal fu
ture follow-up to this study would consist of multicenter 
aggregation of data to achieve the statistical power neces
sary to make more definitive conclusions. 
Other limitations exist, primarily those inherent to ret

rospective design. Patient adherence to prescribed antico

agulant and NSAID protocols is not certain, though pa
tients with recorded compliance difficulties were excluded. 
All dosages of the anticoagulants and NSAIDs were treated 
equally within this study, though a potential dose effect 
could exist within the primary outcome measure; this was 
necessary to prevent further erosion to statistical power 
and the dosages encountered are described in the results 
section. Furthermore only 195 patients received concomi
tant NSAID and DOAC administration after surgery. While 
intravenous tranexamic acid (TXA) was administered pe
rioperatively to all patients as standard of care and post
operative bleeding was not a concern in this retrospective 
study, this deserves further attention in future work. De
spite these challenges, we believe this study adds to the 
growing body of literature that demonstrates the complex
ity of persistent postoperative stiffness following TKA and 
provides valuable insight on the use of DOAC drugs in this 
scenario. 
In conclusion, patients receiving DOACs without con

comitant NSAIDs were more likely to develop postoperative 
stiffness requiring MUA and achieved less predictable AOM 
when compared to aspirin anticoagulation. The addition of 
a selective COX-2 inhibitor to a postoperative DOAC regi
ment appeared to mitigate this risk of stiffness, though fur
ther study is required for definite conclusion and assess
ment of safety. 
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