
Surgical Duration Increases the Risk of Infection Following 
Total Knee Arthroplasty

Introduction
Periprosthetic joint infection (PJI) is a 
serious problem that affects 1–2% of 
primary total knee arthroplasties (TKA) 

and up to 4% of revision TKAs [1]. The 
average annual cost of treating an 
infected TKA is $116,383 compared to 
an average of $28,249 for a routine TKA 

[2]. Patients with PJIs have longer 
h o s p i t a l  l e n g t h s  o f  s t a y,  m o r e 
readmissions, more clinic visits, and 
more specialist consultations [2, 3]. Due 
to the impact of PJIs, efforts have been 
made by  surgeons  to  reduce  the 
incidence of PJIs.
Modifiable and non-modifiable risk 
f a c t o r s  h av e  b e e n  i d e n t i f i e d  a s 
contributing to an increased rate of PJIs. 
Prevention of PJI is improved by 
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Introduction: Risk stratification is used in total joint arthroplasty (TKA) to optimize outcomes and minimize complications. 
Modifiable risk factors such as surgical duration can be influenced by surgeons; however, under certain circumstances, prolonged 
surgery cannot be avoided. While previous studies have investigated the impact of surgical duration on post-operative 
complications, we felt that research was lacking in comparing both surgical duration and tourniquet time and the rate of infection 
following a TKA. Our learning objective was to investigate the risk of surgical site infections (SSIs) and periprosthetic joint 
infections (PJIs) from prolonged (1) surgical duration or (2) tourniquet time during primary TKAs.
Materials and Methods: A multicenter health-care system database consisting of 15 hospitals was queried for all patients 
undergoing TKA between March 2020 and December 2020. Patient demographics, comorbidities, and infection data were 
collected. The surgical duration and tourniquet time were calculated for each patient undergoing a TKA and compared against the 
rate of PJI or SSI rate. PJI was defined based on the 2018 musculoskeletal infection society (MSIS) criteria, and superficial SSI was 
defined as any infection that did not meet MSIS criteria.
Results: Of the 2511 patients who underwent primary TKA, 19 were found to have an infection. Average surgical duration of 
126.17 min for patients with an infection compared to 103.44 min without infection (P = 0.02). There was a significantly increased 
infection rate with increased surgical duration after univariate analysis. Patients who developed any infection had an average 
tourniquet time of 78.5 min, whereas those without infections had an average of 62.14 min (P = 0.004). Infection rate began to 
increase once the surgical duration reached 70 min; however, the infection rate increase per 10-min increments was not statistically 
significant (P = 0.09). The infection rate began to increase at 50 min of tourniquet time and significantly increased as tourniquet 
time increased (P = 0.004).
Conclusion: Surgical duration is associated with an increased risk of infection following TKA. Our study demonstrated tourniquet 
time had a greater impact on infection. There are many circumstances that lead to increased surgical and tourniquet duration, 
including increased body mass index, and severe deformity. Surgeons should consider deflating the tourniquet as soon as the critical 
parts of the surgery are complete to decrease the risk of post-operative infections.
Keywords: Total knee replacement, infection, knee joint, tourniquets.
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identifying and optimizing modifiable 
pre-operative patient risk factors such as 
m o r b i d  o b e s i t y,  m a l n u t r i t i o n , 
uncontrolled diabetes mellitus (DM), 

anemia, cardiovascular disorders, renal 
failure, nicotine abuse, alcohol abuse, and 
depression [4, 5]. While patient-related 
factors have been shown to increase the 

risk of post-operative infection, operative 
factors including surgical duration have 
inconclusive data. Some studies have 
shown that surgical duration alone does 
not correlate with PJI [6, 7]. On the other 
hand, previous studies have also shown 
that surgical duration >120 min is 
associated with an increased risk of PJI 
[8-12]. Similar inconclusive data have 
been seen regarding tourniquet timing 
and the association with TKA PJI [13-
16].
It is essential to minimize the risk factors 
for PJI; surgical duration and tourniquet 
time need further investigation to 
analyze whether both are associated with 
increased risk of SSI and PJI. The 
objective of this study is to determine if 
p r o l o n g e d  s u r g i c a l  d u r a t i o n  o r 
tourniquet time is associated with post-
operative complications, such as SSIs and 
PJIs in primary TKAs.

Materials and Methods
Study population
This was an institutional review board-
approved investigation. A retrospective 
collected institutional database was 
queried consisting of TKA patients who 
were identified by ICD-10 diagnosis 
codes across 15 hospitals in our health-
care system. There were 2732 patients 
f ro m  2 5  d i f f erent  su rgeo n s  w h o 
under went primar y TKA between 
March 1, 2020, and December 31, 2020. 
Of these patients, there were 211 patients 
excluded from the study due to revision 
TKAs, bilateral simultaneous TKAs, 
prior surgery for anterior cruciate 
ligament reconstruction, open reduction 
internal  f i x at ion,  Charcot joints , 
rheumatoid arthritis, or concomitant 
procedures to their primary TKA. While 
tourniquets were utilized in all TKA 
cases, tourniquet data (e.g., tourniquet 
time, pressure) was not recorded during 
191 procedures. There was one infection 
fol low ing pr imar y TKA that  had 
incomplete data for surgical duration and 
tourniquet timing and was excluded from 
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Figure 6: Histopathological examination 
confirming the diagnosis.
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Figure 1: ??? Figure 2: ??? 

Figure 3: ??? Figure 4: ???

Variable
Infection 

(n=19)

No infection 

(n=2,502)
P -value

Age (years) 63.0±7.2 66.8±9.0 0.07

BMI (kg/m
2
) 31.8±6.3 32.2±6.4 0.78

Sex

Male 11 (58%) 924 (37.1%) 0.06

Female 8 (42%) 1,568 (62.9%)

Laterality

Right 13 (68.4%) 1,237 (49.6%) 0.28

Left 6 (31.6%) 1,199 (48.1%)

Bilateral 0 (0.0%) 23 (0.9%)

Anemia 6 (31.5%) 332 (13.2%) 0.02

Renal Failure 1 (5.3%) 183 (7.3%) 0.59

MRSA (nasal swab) 7 (36.8%) 519 (20.8%) 0.09

Malnutrition 1 (5.3%) 6 (0.2%) 0.05

Diabetes 2 (10.6%) 462 (18.5%) 0.29

MI 0 (0.0%) 23 (0.9%) 0.67

PVD 0 (0.0%) 28 (1.1%) 0.64

CVA 0 (0.0%) 32 (1.3%) 0.62

CKD 0 (0.0%) 20 (0.8%) 0.7

COPD 0 (0.0%) 57 (2.3%) 0.51

Peptic Ulcer Disease 0 (0.0%) 18 (0.7%) 0.71

Rheumatoid Arthritis 0 (0.0%) 56 (2.2%) 0.51

Smoking 8 (42.1) 787 (31.6%) 0.33

Anxiety 6 (31.6%) 293 (11.8%) 0.01

Depression 5 (26.3%) 252 (10.1%) 0.02

ESRD 0 (0.0%) 3 (0.1%) 0.88

Hypertension 12 (63.2%) 1,104 (44.3%) 0.1

Hyperlipidemia 10 (52.6%) 796 (31.9%) 0.05

Preoperative COVID 0 (0.0%) 29 (0.9%) 0.64

Post-operative COVID 0 (0.0%) 10 (0.3%) 0.78

Anesthesia

General 4 (21.1%) 917 (31.2%) 0.22

Spinal 15 (78.9%) 2,025 (68.8%)

Use of cement 15 (78.9%) 2,048 (82.2%) 0.39

Antibiotic Cement 14 (73.7%) 1,464 (58.8%) 0.05

Antibiotic Cement Type

Gentamicin 11 (78.6%) 1,307 (89.2%) 0.42

Tobramycin 3 (21.4%) 157 (10.7%)

Table 1:  Univariate analysis of demographics and comorbidities
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the study.

Variables
The following data on demographics and 
comorbidity variables were prospectively 
collected: age, sex, body mass index 
(BMI), past medical history of anemia, 
m a l n u t r i t i o n ,  D M ,  m y o c a r d i a l 
infarction, peripheral vascular disease, 
cerebrovascular accident, chronic kidney 
disease, end-stage renal disease, chronic 
obstructive pulmonary disease, peptic 
ulcer disease, rheumatoid arthritis, 
anxiety, depression, hypertension, 
h y p e r l i p i d e m i a ,  p r e - o p e r a t i v e 
coronavirus 2019 (COVID-19), and 
post-operative COVID-19 (Table 1).
The primary variable of interest was 
surgical time, in minutes, between 
surgical incision and surgical closure. 
This data were collected from the 
anesthesia record. Other variables that 
were investigated were tourniquet time 
and tourniquet pressure. Tourniquet 
time was defined as the duration of time, 
in minutes, between tourniquet inflation 
and release. Tourniquet pressure was 
determined and set by the operating 
surgeon and maintained by the electric 
tourniquet system as appropriate. This 
data were collected from the surgical 
operative report. The primary outcome 
of interest was the incidence of post-
operative infection following primary 

TKA. Post-operative infections were 
defined as either superficial surgical site 
i n f e c t i o n  ( S S I )  ( i . e . ,  s k i n  o r 
subcutaneous tissue) or PJI, as defined 
by the 2018 MSIS criteria [17]. SSIs were 

def ined by a clinical diagnosis of 
infection (presence of any combination 
o f  r e d n e s s  a t  t h e  s u r g i c a l  s i t e , 
constitutional symptoms, elevated white 
blood cell count) that was treated with a 
course of oral antibiotics and local 
wound care without return to the 
operating room. All post-operative 
infections were documented throughout 
the 90-day follow-up period.

Data analysis
All  data were analy zed using the 
Statistical Package for the Social Sciences 
Version 26.0. The criterion for statistical 
significance was set at α = 0.05. A two-
proportion z-test was used to compare 
the incidence of post-operative infection 
to that of prior studies. Independent 
samples t-tests were used to identify 
continuous variables that were predictive 

Variable OR 95% CI P -value

Operative Time (min) 1.01 (0.99, 1.02) 0.33

Tourniquet Time (min) 1.02 (1.00, 1.04) 0.05

Table 3: Multivariate analysis of surgery duration, tourniquet 

time, and any infection

Variable
Infection 

(n=19)

No infection 

(n=2,502)
P -value

Operative Time (min) 126.17±34.58 103.44±31.37 0.02

Tourniquet Time (min) 78.50±18.44 62.14±24.32 0.004

Tourniquet Pressure (mmHg) 291.67±24.25 292.02±35.59 0.97

Table 2: Univariate analysis of surgery duration, tourniquet time, tourniquet 

pressure, and any infection

Operative Time 

(min)

Number of 

patients

Number of 

Infections

Percentage increased 

risk of infection

0–9 0 0 0%

10–19 3 0 0%

20–29 3 0 0%

30–39 3 0 0%

40–49 5 0 0%

50–59 18 0 0%

60–69 111 0 0%

70–79 352 1 0.20%

80–89 405 1 0.20%

90–99 365 1 0.20%

100–109 257 2 0.30%

110–119 215 2 0.30%

120–129 183 3 0.40%

130–139 140 2 0.60%

140–149 99 4 0.70%

150–159 59 0 0.70%

160–169 41 0 0.70%

170–179 23 0 0.70%

180–189 17 0 0.70%

190–199 7 0 0.70%

>200 24 2 0.80%

P -value 0.09

Table 4: Analysis of surgical duration in 10-min increments and the rate 

of any infection

Heimroth JC, et al
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of post-operative infection in univariate 
analysis. Predictor variables found to be 
statistically significantly associated with 
p o s t - o p e r a t i v e  i n f e c t i o n  w e r e 
subsequently included in multivariate 
logistic regression modeling. The Chi-
square test was used to measure the 
statistical significance of the relationship 
between tourniquet time in 10-min 
increments and surgical duration in 10-
min increments.

Results
The inc idence  of  post- operat ive 
infection was 0.76% (19 patients) of the 
2,511 patients who underwent a primary 
TKA. There were 7 SSIs (0.28%) and 12 
PJIs (0.48%). Patient demographics and 
comorbidities were compared between 
patients with post-operative SSIs and 
those without infections (Table 1). 
There is a significant increase in infection 
incidence among patients with anemia 
(P = 0.02), malnutrition (P = 0.05), 
anxiety (P = 0.01), depression (P = 0.02), 
and hyperlipidemia (P = 0.05) (Table 1).

Surgical duration

Operative duration was found to have a 
significant increase in postoperative 
infection with univariate analysis (Table 
2). Patients who underwent a TKA over 
126.17 min had an increased rate of 
infection compared to patients who 
underwent a TKA within 103.44 min (P 
= 0.02). However, the multivariate 
analysis did not show a significant 
increase in infection due to surgical 
duration (Odds Radio [OR] 1.01 [95% 
Confidence interval [CI] 0.99–1.02], P = 
0.33, Table 3). Yet, the infection rate 
increased as the surgical duration 
increased, and all the infections occurred 
after 70 min of surgical duration (Table 
4). The highest number of infections (4) 
occurred during the 140–149-min time 
period. The infection rate was 0.2% at 70 
min and increased to 0.8% by 200 min, 
however,  there was no stat ist ical 
s ignif icance in the infection rate 
throughout the 10-min surgical duration 
time periods (P = 0.09,  (Table 4).

Tourniquet time
Tourniquet time was shown to be 
associated with a significantly increased 

rate of postoperative infection with 
univariate analysis (P = 0.004, Table 2). 
There was an increased rate of infection 
when a tourniquet was used for over 78.5 
min compared to patients who only had a 
tourniquet time of 62.14 min (P = 
0.004). There was no difference in 
tourniquet pressure between TKA 
patients with infections (291.67 mmHg) 
and TKA patients without infections 
(292.02 mmHg, P = 0.97, Table 2). A 
multivariate analysis showed tourniquet 
time as opposed to surgical duration 
alone was associated with an increased 
rate of postoperative infection after total 
knee arthroplasty (OR 1.02 [95% CI 
1.00–1.04]; P = 0.05, Table 3). The 
infection rate also significantly increased 
as the tourniquet time increased over the 
course of 10-min increments (P = 0.004, 
Table 5). The infection rate started 
increasing at 50 min of tourniquet time 
with no infections before the 50-min 
tourniquet time period (Table 5). The 
highest number of infections (6) 
occurred during the 60-min time period. 
The risk of infection reached a rate of 
0.8% once the tourniquet time reached 
100 min (Table 5).

Discussion
Surgical duration and tourniquet time 
are measurable objective data points that 
surgeons can follow intraoperatively to 
guide them in mitigating the risk of 
postoperative PJI. The goal is to be 
efficient in the operating room; however, 
surgical duration and tourniquet time 
can be increased when performing TKA 
in patients with multiple comorbidities 
or complex TKAs. By investigating how 
incremental  increases in surgical 
duration and tourniquet time impact the 
risk of infection, surgeons can use the 
data to intraoperatively manage and 
mitigate infection risks especially when 
performing challenging TKAs. Studies 
have shown that younger patients and 
patients with higher BMIs undergo 
longer surgical durations [8, 10]. 
Duchman et al. discovered multiple risk 

Tourniquet 

time (min)

Number of 

patients

Number of 

infections

Percentage increased 

risk of infection

0–9 29 0 0

10–19 21 0 0

20–29 75 0 0

30–39 156 0 0

40–49 414 0 0

50–59 460 3 0.3

60–69 399 6 0.6

70–79 257 1 0.6

80–89 158 1 0.6

90–99 131 3 0.7

100–109 48 3 0.8

110–119 50 1 0.8

120–129 40 0 0.8

>130 21 0 0.8

P -value 0.004

Table 5: Analysis of tourniquet time in 10-min increments and the 

rate of any infection

Heimroth JC, et al
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factors for increased operative times such 
as age ≤65 years of age, male sex, BMI 
≥30 kg/m2, and American Society of 
Anesthesiologists classification of 3 or 4 
[11]. There are also factors outside 
patient comorbidities that impact 
surgical duration such as new operating 
room staff. While surgery at a teaching 
hospital with residents and fellows can 
increase the surgical duration and 
tourniquet time, previous studies have 
shown that the increase in surgical 
duration from trainee involvement does 
not increase the risk of PJI [18]. These 
are some of the many factors that can 
contribute to longer surgical durations 
and tourniquet times. Our data shows 
that the risk of infection significantly 
i n c rea s e s  w h e n  to u r n i q u e t  t i m e 
increases, particularly once a tourniquet 
has been inflated for at least 50 min.
There are some limitations to this study. 
First, there was only a 0.8% rate of 
postoperative infections among all the 
patients who received a TKA. This low 
rate of postoperative infection shows that 
our surgeons are making appropriate 
efforts to decrease PJIs. The infection 
rate of 0.8% is lower than the literature 
rate of 1% to 2% PJI rate among primary 
TKA, which might also be due to the low 
patient sample size [1]. Secondly, 
another limitation was the sample size. 
Only 2,511 patients were included in the 
study who underwent primary total knee 
arthroplasties. While larger sample sizes 
of patients can help to identify and 
analyze relatively rare post-operative 
complications such as SSIs and PJIs, a 
power analysis was performed before the 
initiation of this study to obtain an 
appropriate sample size. Thirdly, the 
patient data were pulled via ICD-10 
codes, thus there was some missing data 
in the medical records including exact 
surgical time, tourniquet time, and some 
outpatient post-operative records. To 
m a i n t a i n  a  m o r e  c o m p l e t e  d a t a 
collection, patients without surgical and 
tourniquet times were excluded from the 
study.

Surgical duration
Our data showed that surgical duration 
over 126.17 min significantly increased 
the risk of infection. However, the critical 
point of surgical timing that increases the 
incidence of infection for TKAs varies 
among published manuscripts. Bohl et al. 
showed that a 15-min increase in surgical 
duration from the mean operative time of 
91 min increased the risk of SSI by 9% 
[10]. Wang et al. also showed an increase 
in total joint arthroplasty (TKA) 
infection when surgical duration is >90 
min [12]. The incidence of SSI was 
found to be 2.1% and PJI was 1.4% when 
the operative time increased over 90 min 
[12]. Similar to our study, previous 
research has shown that surgical duration 
>110 min is associated with a higher risk 
of deep infection following a TKA [9]. 
Anis et al. discovered that there was a 3 
times higher risk of PJI and 1.5 times risk 
of SSI when surgical duration was over 
121 min [8]. While there is no agreed-
upon time cut-off for the appropriate 
surgical duration, the data show that the 
risk of infection increases as the surgical 
duration increases.

Tourniquet time
Surgical duration has been studied 
showing an increased rate of infection, 
however, little is documented regarding 
tourniquet timing and the risk of 
infection. Tourniquet use has been cited 
as a method for decreasing surgical time, 
allowing better cementation penetration, 
and reducing radiolucent lines through 
bloodless surgery [19]. Ahmed et al. 
showed that the use of a tourniquet only 
decreased the duration of surgery by 3.7 
min [20]. Our results demonstrate that 
increased tourniquet time significantly 
increased the rate of post-operative 
infection. Like our findings, Abdel-Salam 
and Eyers performed a randomized 
control trial that showed that patients 
who underwent a TKA without the use of 
a tourniquet had fewer superficial skin 
infections, deep-vein thrombosis, earlier 
straight leg raises, and earlier knee flexion 

compared to patients who underwent a 
TKA with a tourniquet [13]. Magan et al. 
also found that there was a 4% incidence 
of  infect ion w ith tourniquet  use 
compared to a 2% rate of infection when 
tourniquets were not used during TKAs 
[21]. W hile our results showed no 
difference between tourniquet pressure 
and the rate of post-operative infection, 
some studies have found an association 
between surgical site pain, muscle 
damage, and wound complications when 
tourniquet pressure is 150 mmHG 
greater than the patient’s systolic blood 
pressure [22]. While the reason for why 
tourniquet use increases infection rate 
has not been fully understood, one 
explanation is that tourniquet use causes 
reactive hyperemia following deflation 
that causes a 10% increase in limb size 
[13, 23].

Conclusion
Surgical duration and tourniquet timing 
are modifiable risk factors that can be 
improved by optimizing pre-operative 
planning, operating room efficiency, and 
surgical education. While longer surgical 
duration is associated with a greater risk 
of infection following TKA, our study 
d em o nst rated  t hat  t i m e  u n d er  a 
tourniquet had a significant impact on 
post-operative infection. Surgeons 
should strive to maximize efficiency to 
decrease both surgical duration and 
tourniquet time, thus minimizing post-
operative SSIs. Furthermore, surgeons 
should consider deflating the tourniquet 
as soon as the critical parts of the surgery 
are complete to decrease the risk of post-
operative infections.

Heimroth JC, et al
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