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Abstract
Background  The majority of arthroplasty surgeons use a full duration of tourniquet while doing total knee arthroplasty. 
Recent literature suggests clinical dilemma about superior function with limited duration use of a tourniquet. The purpose 
of this study is to evaluate the time-dependent effects and clinical outcome of tourniquet in patients undergoing total knee 
arthroplasty (TKA) and to assess the incidence of adverse vascular events of the limb in TKA. This study is the first of its 
kind to evaluate all the serious vascular events prospectively.
Methods  Sixty participants who underwent TKA in the duration of 1.5 years at a large single tertiary care centre were 
recruited and randomly allocated in two groups: Full duration tourniquet (n = 30) and tourniquet only during cementation 
(n = 30). All patients underwent preoperative and postoperative arterial and venous Doppler to evaluate the presence of 
thrombosis. The operative duration, blood loss, and clinical outcome (visual analogue scale, active knee range of motion, 
Knee Society score, and duration of stay) were recorded.
Results  The incidence of vascular complications was not statistically significant in either group (P = 0.99). Tourniquet during 
cementation only group exhibited decreased postoperative pain on days 1, 2, and 3 (P < 0.01). But postoperative knee active 
range of motion was the same between the two groups with no significant postoperative complications.
Conclusion  Tourniquet use only during cementation could result in faster recovery and less pain during the early rehabilita-
tion period with no influence over the incidence of serious vascular events.
Trial Registry Number  AIIMS/IEC/2018/475. This study was approved by the Research Ethics Committee at All India Insti-
tute of Medical Sciences, Jodhpur and was carried out at AIIMS (Jodhpur), India.

Keywords  Total knee arthroplasty · Tourniquet · DVT · Arterial thrombosis

Introduction

The recent trend with the tourniquet use in total knee arthro-
plasty (TKA) is to reconsider the routine use to enhance 
pain relief and improving the quality of life [1]. Orthopaedic 
surgeons extensively use the tourniquet in TKA to provide a 
clear surgical field visualisation, ensuring better cementation 
in terms of cement bone interdigitation and reduced intraop-
erative blood loss [2]. Most of the complications are time-
dependent complications [3]; only few investigators have 
focused on the limited application of a tourniquet to reduce 
the tourniquet time and its incidence of complications [4]. 
The main thrombotic complications of tourniquet use are 
Deep Vein Thrombosis (DVT) and arterial thrombosis [5]. 
Arterial injury associated with total knee arthroplasty is a 
rare and potentially devastating complication. The injury 
is associated with a significant increase in the duration of 
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hospital stay and hospital charges [6, 7]. Several studies have 
asserted that the risk of significant arterial injury increases 
with tourniquet use, suggesting that tourniquet use should be 
minimised for routine primary TKA [8–10]. A high origin 
anterior tibial artery lying posterior to the popliteus is the 
most common type of 'high branch' is an anatomical varia-
tion around the knee are not well studied in the context of 
TKA and is vulnerable during TKA [11].

However, there is continuing debate on the optimal timing 
of tourniquet application. The purpose of this prospective, 
double-blinded, randomised controlled study was to assess 
whether the use of tourniquets only during cementation 
vs during the full length of surgery will show any differ-
ence in the rate of postoperative thrombotic complications 
in patients undergoing TKA. In addition, in this study, we 
looked for an anatomical variation of popliteal artery divi-
sion in patients undergoing TKA. The effect of tourniquet 
use on functional and clinical outcomes was also evaluated.

Material and Methods

Study Cohort

This study was approved by the institutional review 
board (IRB), the ethical committee number is AIIMS/
IEC/2018/475. The inclusion criteria were advanced osteo-
arthritis of knee patients undergoing total knee replacement 
between January 2018 and June 2019 and informed consent 
was obtained from all individual participants included in 
this study. The exclusion criteria included coagulopathy, 
uncontrolled hypertension, uncontrolled diabetes mellitus, 
and peripheral vascular disease.

Randomisation

Each patient undergoing total knee arthroplasty was ran-
domly allocated to either full duration tourniquet use or 
tourniquet use only during cementation (tourniquet inflated 
just before the cement application and deflated after its 
hardening and initiation of closure, i.e. two stitches in the 
quadriceps, one proximal to the patella and one distal to 
patella). The randomisation sequence was generated by an 
independent statistician via a computer-generated random 
number table who was not involved in patient manage-
ment using Microsoft Excel (Microsoft Inc, Redmond, WA, 
USA). The randomisation numbers were contained in sealed, 
opaque (SNOSE technique) envelopes and were retained by 
a staff who was not involved in outcome measurements. The 
patients were randomised as individual patients and not as 
individual knee. The observers collecting data after surgery 
were uninvolved in the experimental operations and were 
unaware of the intervention assignments. Randomisation 

was blinded to the investigator, nursing staff of the inpatient 
unit, rehabilitation therapists, and the patient. A detailed 
description of the randomisation procedure is given in the 
CONSORT Flow diagram in Fig. 1

Preoperative Assessment

Sixty patients undergoing TKA agreed to participate in the 
randomised study. Demographics of age, sex, diagnosis, 
and body mass index did not differ (Table 1). All patients 
underwent preoperative Doppler ultrasound for the arterial, 
venous system of the lower limb, and all patients were inves-
tigated for high origin anterior tibial artery. The anterior tib-
ial artery, which arises from popliteal artery in the popliteal 
fossa proximal to the popliteus above the middle portion of 
the posterior surface of the popliteus is defined as ‘high ori-
gin- anterior tibial artery’ [12]. All patients who did not have 
arterial or venous complications were included in this study. 
The Doppler study of the limb to be operated was performed 
by a radiologist with at least eight years of experience using 
a high-frequency linear probe (5–11 MHz), Logiq S8, GE 
USA. For examinations of a preoperative or postoperative 
TKA patient, for the venous system of the lower limb, Gray 
scale images and spectral Doppler waveforms were recorded. 
For the arterial system of the limb, waveforms in the appro-
priate arterial segments were looked for abnormality.

Operative Procedure and Postoperative Period

All patients underwent either bilateral simultaneous total 
knee arthroplasty or unilateral total knee arthroplasty, after 
randomisation for tourniquet use. One group had tourniquet 
inflation from the incision through the full duration of sur-
gery till cementation of the implants (operative tourniquet) 
and the other group had tourniquet inflation only during the 
cementation of the implants (tourniquet during cementa-
tion only). In the operating room before surgery, the nursing 
assistant opened the sealed cover and informed the surgeons 
to which group the patient belonged. All patients received 
the same anaesthesia, combined spinal epidural (no narcotics 
in the epidural). The epidural catheter was discontinued on 
the first postoperative day. All operations were performed by 
two senior arthroplasty surgeons with 10 years of experience 
in arthroplasty. A midline skin incision and trivector medial 
parapatellar approach were used in all patients. The dura-
tion of surgery from the incision till the end of dressing and 
the duration of tourniquet inflation were recorded from the 
tourniquet machine directly (Zimmer ATS 3000 pneumatic 
tourniquet). The limb was exsanguinated by lifting up for 
1 min before tourniquet inflation.

The primary outcomes were to ascertain the incidence 
of thrombotic complications post-TKA (Arterial and 
Venous Thrombosis on postoperative day 5 and day 21) and 
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incidence of high origin anterior tibial artery in the popula-
tion undergoing TKA. Secondary outcome measures, which 
were the assessment of blood loss based on the Gauze Visual 

Analogue method intraoperatively and postoperatively by 
haemogram; assessment of pain by Visual Analogue Scor-
ing (VAS) on postoperative days 1, 2, 3, and on the 21st day; 

Fig. 1   CONSORT flow dia-
gram illustrating the progress 
of patients through the trial, 
including recruitment, enrol-
ment, randomisation, with-
drawal, and completion

CONSORT 2010 Flow Diagram 
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Table 1   Patient baseline 
characteristics

FKS final knee score, KFS knee function score, ROM range of motion

Variable Operative tourniquet 
(n = 30)

Tourniquet only during 
cementation (n = 30)

P value

Age (years) 65.40 ± 7.31 65.77 ± 7.02 0.84
BMI (kg/m2) 30.10 ± 5.81 30.58 ± 4.79 0.71
Fixed flexion deformity 7.89 ± 9.38 5.29 ± 5.21 0.14
Preoperative FKS 45.0 ± 12.6 46.9 ± 8.8 0.52
Preoperative KFS 34.5 ± 17.3 41.1 ± 16.7 0.08
Preop Hb (g/dL) 12.23 ± 1.36 12.95 ± 1.66 0.07
ROM–Preoperative 95.97 ± 14.96 98.14 ± 8.75 0.51
Charlson comorbidity index (CCI) 2.47 ± 1.19 2.43 ± 0.86 0.90
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postoperative range of motion on 21st day; duration of hos-
pital stay; and complications, such as pulmonary embolism 
and surgical site infection (superficial and deep), were noted 
for comparison between both groups. Arterial thrombosis 
and deep venous thrombosis assessment were performed 
on postoperative day 5 and day 21 by clinical examination 
and Doppler ultrasonography. The patients were screened 
thoroughly for DVT and arterial thrombosis in the operated 
lower limb. The patients were monitored for symptomatic 
pulmonary embolism for 3 weeks post-surgery. The primary 
outcomes of this study, which are DVT, arterial thrombosis, 
and pulmonary embolism, are grouped as ‘adverse vascular 
events’.

Blood loss was measured intraoperatively from the drain-
age collection and blood loss estimation of lap sponges was 
typically indirectly calculated by estimating the amount 
of blood absorbed by sponges and gauze using the Gauze 
Visual Analogue method as described by Algadiem et al. 
[13]. Patients were given both mechanical and chemical 
thromboprophylaxis. The pain management protocol used 
was identical between the two study groups. The patient’s 
pain was self-graded and recorded by investigator on VAS, 
using the visual analogue score at an interval of 24 h on 
a postoperative day one to three and on postoperative day 
21. The patient's knee ROM was measured on postopera-
tive days 5 and 21. The patient's Knee Society score was 
documented preoperatively and postoperatively on day 21 
[14]. The patients were monitored for the duration of hos-
pital stay and complications, like pulmonary embolism and 
surgical site infection. Only patients with clinical symptoms 
of pulmonary embolism were referred for pulmonary medi-
cine consultation and radiological investigation (computed 
tomographic pulmonary angiography) [15].

Statistical Analysis

Continuous variables are expressed as means ± standard 
deviation or medians with IQR, and categorical variables are 
presented as frequencies or percentages. The Shapiro–Wilks 
test was used to test for normal distribution. The non-para-
metric Kruskal–Wallis test was used to test the differences 
in two group. P values < 0.05 were considered significant. 
Commercially available software was used (SPSS, release 
26.0; SPSS, Chicago, IL).

Results

Participant Characteristics

There were 24 males and 36 females in the two groups. 
Demographic characteristics are summarised in Table 1. 
There was no significant difference in age, preoperative final 

knee score, knee function score, and ROM between the two 
groups. There were twenty-three simultaneous bilateral total 
knee arthroplasty participants in this study.

Comparison Between the Two Groups (Full Duration 
Tourniquet Group and Tourniquet only During 
Cementation Group)

The incidence of postoperative DVT was nil in full dura-
tion tourniquet group and 3.3% in tourniquet only during 
cementation group; the incidence was not statistically sig-
nificant (P = 0.99) (Table 2). One patient in each group had 
postoperative arterial thrombosis, and both the patients 
were asymptomatic (Table 2). No patient in our study had 
an anomalous high origin anterior tibial artery. Two patients 
developed pulmonary embolism.

The mean postoperative pain scores at days 1, 2, and 
3 were 5.6 ± 1.2, 4.0 ± 0.9, and 3.0 ± 1.2, respectively, in 
full duration tourniquet group and 3.4 ± 1.3, 2.3 ± 1.0, and 
1.4 ± 1.1, respectively, in tourniquet only during cementation 
group and were statistically significant (P value, < 0.01). No 
statistically significant differences (P value = 0 0.54) were 
found in VAS score between the two groups at postoperative 
day 21 (Fig. 2).

The group with full duration tourniquet use had less 
intraoperative blood loss than the tourniquet only during 
the cementation group (tourniquet during full duration: 
162.95 ± 108.62 mL versus tourniquet only during cemen-
tation group: 448.33 ± 147.08 mL, P < 0.01). 75.7 ± 2.5 and 
75.3 ± 3.8 are postoperative KSS values at day 21 of the full 
duration tourniquet and tourniquet only during cementation 
group; statistically significant differences (P value < 0.001) 
were between the preoperative KSS value and postoperative 
KSS value of the full duration tourniquet group (Preop KSS 
34.5, Postop KSS 75.7) and the tourniquet at cementation 
only group (Preop KSS 41.1, Postop KSS 75.3).

There is no significant difference in the postoperative hae-
moglobin, duration of surgery, active range of motion on 

Table 2   Primary outcome: Doppler study in pre- and postoperative 
period

Doppler study Operative 
tourniquet 
(n = 30)

Tourni-
quet only 
during 
cemen-
tation 
(n = 30)

P value

No. % No. %

For DVT on postoperative day 5 0 0.0 1 3.3 0.99
For DVT on postoperative day 21 0 0.0 1 3.3
For arterial thrombosis on postop-

erative days 5 and 21
1 3.3 1 3.3
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day 21, surgical site infection, duration of hospital stay, and 
pulmonary embolism (Table 3). None of the patient received 
blood transfusion in both the groups.

Discussion

In the present study, the outstanding finding was that no 
difference was observed in the incidence of postoperative 
adverse vascular complications of venous or arterial systems 
with tourniquet use during the full duration of surgery and 
tourniquet only during cementation; but the tourniquet only 
during cementation group showed significantly less postop-
erative pain in the immediate postoperative period (days 1, 

2, and 3); however, this group had increased intraoperative 
blood loss, and there was no significant difference in post-
operative range of motion of the knee, haemoglobin levels, 
and VAS score at 21st day. The prevalence of abnormal high 
origin anterior tibial artery was not found in any patient who 
underwent TKA in this study. This RCT have studied the 
incidence of both arterial thrombosis and venous thrombosis 
prospectively after total knee arthroplasty.

There is no clear consensus in the literature regarding 
different aspects of tourniquet use in TKA. There is an 
increased risk of DVT formation due to stasis of venous 
blood in the lower limb with the use of a tourniquet and 
increased manipulation of the knee joint while performing 
the surgery; moreover, the surgery itself is a predisposing 

Pain scores by VAS in both groups
Opera�ve tourniquet (n=30) Cementa�on tourniquet (n=30)

6
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Fig. 2   Line diagram comparing visual analogue score (VAS) on POD 1, POD 2, POD 3, and POD 21, between the two groups

Table 3   Secondary outcomes, 
including pulmonary embolism

VAS visual analogue scale score, POD postoperative day, ROM range of motion, Hb haemoglobin

Variable Operative tourniquet 
(n = 30)

Tourniquet only during 
cementation (n = 30)

P value

VAS at POD 1 5.6 ± 1.2 3.4 ± 1.3  < 0.01
VAS at POD 2 4.0 ± 0.9 2.3 ± 1.0  < 0.01
VAS at POD 3 3.0 ± 1.2 1.4 ± 1.1  < 0.01
VAS at POD 21 0.4 ± 1.0 0.5 ± 1.5 0.54
Intraoperative blood loss (mL) 162.67 ± 108.62 448.33 ± 147.08  < 0.01
ROM at 21st Postoperative day 99.01 ± 10.12 99.53 ± 7.76 0.81
Duration of hospital stay (days) 6.00 ± 2.18 6.43 ± 3.52 0.56
Postop Hb (g/dl) 9.84 ± 1.52 10.21 ± 1.85 0.41
Pulmonary embolism 2 0 0.49
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factor for venous thromboembolism (VTE) as it is a major 
lower limb surgery involving a high degree of manipula-
tion of the knee joint. DVT is one of the top five causes 
of readmission within 30 days after surgery [16]. None 
of the patients in either of the two groups in the present 
study required readmission within 30 days from surgery for 
symptomatic DVT. Asymptomatic DVT was detected on 
day 5 in Doppler study in 1 patient in the tourniquet during 
cementation group. This patient was put on oral anticoagula-
tion for 6 weeks in addition to mechanical prophylaxis and 
on Aspirin 75 mg for 3 months. The current study did not 
reveal any significant difference in the rate of DVT in the 
postoperative period between full duration tourniquet and 
tourniquet at cementation only group (Fig. 3). These results 
were consistent with those of previous studies [17–20]. The 
incidence of DVT is 3% which matched with the latest meta-
analysis published in the year 2021 [1]. Goel et al. in 2019 
reported no incidence of symptomatic DVT in the patients 
who underwent surgery with full duration tourniquet with 
a follow-up of 6–8 months [21]. Wang et al. conducted a 
cross-over trial in 2016 in patients who underwent staged 
bilateral TKA. Two patients with full duration tourniquet 
use developed asymptomatic DVT on postoperative day 7 
[22]. In both the above studies, preoperative screening for 
DVT was not performed. On the contrary, in our study pre-
operative screening was performed to diagnose pre-existing 

DVT and arterial disease in our study. The patients with 
pre-existing DVT and arterial disease were excluded from 
our study.

The incidence of arterial thrombosis following TKA is 
lower than that might be expected, particularly consider-
ing the proximity of the arteries to the knee joint both in 
extension and flexion and also since most patients requiring 
the procedure are in the older age group in which there is 
a higher incidence of peripheral vascular disease, diabetes 
mellitus, hypertension, and dyslipidemia. In this study, two 
patients developed arterial thrombosis, one in each group. 
Both these patients were managed by therapeutic anticoagu-
lation, not requiring any surgical intervention. The incidence 
was not statistically significant between the two groups. The 
incidence of arterial thrombosis post-TKA is rare, approxi-
mately 0.003% [8], thereby also implying that not all TKA 
centres, especially the low volume centres, shall witness this 
particular complication. There is no level 1 evidence till date 
highlighting the correlation of structural anterior tibial artery 
variations and incidence of arterial injury and /or thrombo-
sis with respect to tourniquet usage during TKA. The only 
available literature regarding the same is in the form of case 
reports [23]. Statz et al. observed that there was no differ-
ence between the full or selective tourniquet usage group 
during TKA, and concluded that tourniquet use did not have 
any effect on the rate of geniculate artery injury [24]. These 

3.50%

Doppler scan finding in both groups
%03.3%03.3

3.00%

2.50%

2.00%

1.50%

0.00% 0.00% %00.0%00.0
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Preop 12yadtA5yadtA

Opera�ve tourniquet (n=30) Tourniquet only during 

Fig. 3   Comparison of DVT finding in both groups at preoperative, POD 5, and POD 21 (The orange shaded bar diagram indicates the one case 
in the tourniquet only during cementation group)
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results correlated with our study that tourniquet use does 
not influence the incidence of arterial injury. Padegimas 
et al. conducted a retrospective single institutional study at 
Pennsylvania in 2016, 9951 knees were studied in which 
0.13% developed an arterial injury in all the patients the 
tourniquet was used [25], but they did not have full access to 
demographic, clinical, radiographic, or operative variables 
of all TKA patients over the study period and there was no 
standard protocol was followed by the operating surgeon. In 
our study, we had a standard protocol of physical and radio-
logical examination in the pre- and postoperative period. All 
the above studies are retrospective studies and case reports 
without proper preoperative evaluation parameters of risk 
factors that influence arterial thrombosis or arterial injury. 
The main strength of this study was a thorough preoperative 
documentation of the arterial system by clinical and Doppler 
study of the operative limb which aided postoperative evalu-
ation for any changes, injury or thrombosis in addition to the 
clinical vascular examination. The prevalence of high origin 
anterior tibial artery is 1.9% to 4.2% in the cadaveric and 
angiographic study [7], with a high predisposition to injury 
when the tibial cut is taken using an oscillating saw. In the 
present study, none of the patients had a high origin anterior 
tibial artery on the Doppler ultrasound study.

One of the main aims of TKA is to give a painless joint, and 
immediate physiotherapy remains a keystone for the success of 
the surgery. Wang et al. suggested that tourniquet only at the 
cementation exhibited reduced thigh and knee pain on days 1 
and 2 postoperatively compared with the long duration tour-
niquet group [22]. Tarwala et al. found that mean pain score 
between patients with full duration tourniquet and tourniquet 
only at cementation was not statistically different at any time 
point; this might be due to the multimodality perioperative 
pain management protocol which was not clear whether it 
was given as infusion postoperatively or as a single-injection 
popliteal nerve block; these factors might have masked the 
initial postoperative difference in pain [26]. The reason is 
that tourniquet causes direct muscle damage and reperfusion 
injury, which causes the pain. In this study, there were sig-
nificant low pain scores in the initial postoperative days in the 
tourniquet only during the cementation group, which is also 
clinically significant as we observed there was less analgesic 
consumption in the tourniquet only during the cementation 
group when compared to the full duration tourniquet group. 
The same observation has been made in a systematic review 
and meta-analysis by Liu et al. [27], wherein the authors have 
highlighted their finding that 'not using a tourniquet or only 
using it during the cementation of implants was preferable 
based on faster functional recovery, lower rate of DVTs and 
complications compared with using a tourniquet throughout 
the TKA procedure'. In another systematic review by Burns 
et al. [28], pain catastrophisation post-TKA has been identi-
fied as an independent risk factor for chronic pain post-TKA 

with a moderate level of evidence. The results of this study 
add considerable significance to the finding of decreased pain 
and lower VAS in the early postoperative period, in the tourni-
quet at cementation only group in our study, as these patients 
will have a better functional recovery than those having higher 
VAS scores during the early postoperative period and develop-
ing chronic pain post-TKA, thereby becoming contenders for 
unhappy patients post-TKA.

Two patients in the full duration tourniquet group devel-
oped symptomatic pulmonary embolism. The patients recov-
ered absolutely with appropriate treatment. The incidence was 
not statically significant but correlated with prevailing litera-
ture. Nishiguchi et al. revealed an incidence of 7% of PE with 
the use of a full duration tourniquet during the surgery [29]. 
In this study, there was significantly less intraoperative blood 
loss observed in the full duration tourniquet group than in the 
tourniquet only duration cementation group. The findings of 
our study, which are similar to the observation of other previ-
ous authors, indicate decreased intraoperative blood loss with 
tourniquet use [17, 22], and this is one of the important factors 
for which tourniquet is used, as it provides a clear bloodless 
surgical field. There was no significant difference observed 
in the active ROM postoperatively in the initial postoperative 
period and at 3 weeks. Liu et al. [27] concluded that patients 
who underwent surgery without a tourniquet had improved 
ROM. Tai et al. [12] and Hasanain et al. [17] have concurrent 
findings with the present study that a tourniquet during the full 
duration of TKA affects the overall rehabilitation effect. How-
ever, the results of the latter study are challenging to interpret 
because the types of physiotherapy protocols used in other 
studies are not the same. The present study found no difference 
in length of the hospital stay, contrary to Rames et al. [30]. 
They suggested short duration tourniquet had early discharge 
rates, which had no economic burden on the patients, and com-
plication rates, such as surgical site infection and pulmonary 
embolism, were also not significant.

We noticed from our study that the use of full duration 
tourniquet during the whole surgery provides better vis-
ibility intraoperatively, reduces the operating time, and also 
reduces intraoperative blood loss significantly as compared 
to tourniquet use only during cementation. The limitations 
are the small sample size to ascertain thrombotic events after 
TKA and the incidence of high origin of the anterior tibial 
artery. Doppler Ultrasound is a user-dependent modality 
with intra- and interobserver variations, which can affect 
the quality of observations.

Conclusion

We conclude that, with modern perioperative protocols, 
tourniquet use during cementation only strategy of modern 
TKA is not associated with serious vascular complications 
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with evidence of superior in-hospital patient function in 
terms of postoperative pain on days 1, 2, and 3, when com-
pared with patients where a tourniquet was utilised during 
the full duration of the surgery. However, limited duration 
tourniquet use can be associated with faster recovery in 
terms of pain during the immediate postoperative and early 
rehabilitation period.
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