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Abstract – Introduction: Not using a tourniquet could improve early postoperative pain, range of motion (ROM),
length of stay (LOS), and thromboembolic risk in patients undergoing total knee arthroplasty (TKA). Our aim was to
compare these factors, intraoperative blood loss, and gender-related outcomes in patients undergoing primary TKA with
or without a tourniquet. Methods: We performed a retrospective cohort study of 97 patients undergoing TKA with or
without tourniquet from 2018 to 2020. Revisions and bilateral TKAs were excluded. Blood loss was estimated using
a validated formula. Postoperative pain was tested using the visual analogue scale (VAS). ROM and quadriceps lag were
assessed by a physiotherapist on a postoperative day 2 and discharge. The index of suspicion for a thromboembolic event
was defined as the number of embolic-related investigations ordered in the first 6 months post-surgery. The Shapiro–
Wilk test was used to assess the distribution of the data, Mann–Whitney for the continuous variables, and Fischer’s test
for the categorical ones. Results and Discussion: There was a significant difference in blood loss. The non-tourniquet
group lost on average 32% more blood (1291 mL vs. 878 mL, p < 0.001 two-tailed). We found no difference in pain,
ROM, LOS, and quadriceps lag on day 2 and at discharge. There was one thromboembolic event in the tourniquet group,
but the thromboembolic index of suspicion did not differ (p = 0.53). With tourniquet use, women had a significantly
lower day 2 maximum flexion than men (71.56� vs. 84.67�, p = 0.02). In this retrospective cohort study, the results
suggest that tourniquet use is associated with lower blood loss and similar postoperative pain, range of motion,
quadriceps lag, length of stay, and thromboembolic risk. There might be some differences between how men and women
tolerate a tourniquet, with women having worse short-term outcomes compared to men.
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Introduction

Total knee arthroplasty (TKA) is an effective means for
treating end-stage osteoarthritis of the knee. According to an
American Association of Hip and Knee Surgeons poll and the
UKNational Joint Registry, most surgeons prefer to use a tourni-
quet at some point during TKA, but the benefit to risk ratio is still
debated in the literature [1, 2]. There is conflicting evidence
regarding pain, functional outcome, blood loss from heteroge-
neous samples of tourniquet use [3–8]. Advocates of tourniquet
use cite better visualisation of the surgical field, better cement
interdigitation, and overall less blood loss [9–11]. Conversely,
tourniquet use might relate to increased pain, limb ischaemia,
delayed range of motion (ROM) and quadriceps function
recovery, accelerated quadriceps sarcopenia in the elderly, more
thromboembolic events, increased length of stay (LOS), and a
higher hospital readmission rate [7, 12–14]. More so, the
literature is even more scarce and divisive with regards to how

tourniquet use might functionally affect genders differently
[15, 16]. The primary aim of our study was to determine the
effects of tourniquet use during primary TKA on early postoper-
ative functional outcomes, blood loss, and thromboembolic
events. The secondary aim was to assess whether tourniquet
use affects genders differently. As there is still no consensus
on how tourniquet use might affect the outcomes, our study
offers a more standardised approach where the tourniquet is
either used from the start or not.

Materials and methods

This retrospective cohort study was conducted at an
academic university hospital that is part of a national total joint
registry with prospective follow-up. Institutional approval for
the study was received. We included 97 patients with a mean
age of 68 years having end-stage knee osteoarthritis. The
patient demographics are presented in Table 1. To settle on this
cohort, we reviewed all TKAs performed at our institution*Corresponding author: oliverboughton@rcsi.ie
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between 2018 and 2020 by two orthopaedic surgeons and
337 TKAs were identified. We excluded 8 cases that underwent
bilateral TKAs, revisions, or complex primaries. We defined
data eligibility criteria as follows: day 1 postoperative pain
scores documented as a Visual analog scale (VAS) – 0 being
no pain and 10 being the worst, day 2 postoperative and on
discharge knee ROM and quadriceps lag measured by a
physiotherapist with a goniometer, blood work was taken
perioperatively and history of postoperative blood transfusions.
Only 97 patients matched these criteria and had a data
completion rate of over 95%. We created two cohorts on
account of whether or not the tourniquet was used from the start
(43 in the non-tourniquet group and 54 in the tourniquet one) –
see Figure 1. One surgeon always used a tourniquet from the
start while the other always avoided it. When a tourniquet
was used, it was inflated to 100 mmHg over systolic blood
pressure.

All operations were performed under spinal anesthesia. A
standard, midline incision, and medial parapatellar approach
were employed for all the operations. The knee replacements
inserted without a tourniquet were Legion TKRs (Smith &
Nephew, Watford, United Kingdom), and the knee replacement
implants inserted when using a tourniquet were Triathlon TKRs
(Stryker, Michigan, USA). Both implants were cruciate-
sacrificing. Traditional, intramedullary femoral instrumentation
and extramedullary tibial guides were used. Both surgeons
administered 3 g of tranexamic acid topically once the fascia
was closed, while anaesthesia simultaneously gave 3 g IV.
The postoperative care included multimodal analgesia as a com-
bination of acetaminophen, nonsteroidal anti-inflammatories,
and opioid derivatives. Patients were encouraged to move the
surgical limb immediately and formal physiotherapy-led reha-
bilitation was commenced on the first post-operative day up
until and including the discharge day. Blood loss was estimated
using the following method [17]:

Step 1: Calculate the patient’s blood volume (PBV),

PBV ¼ k1� h3
� �þ k2� wð Þ þ k3;

where PBV = patient’s blood volume in litres (L), h = height
in metres (m), w = weight in kilograms (kg), k1 = 0.3669 for
men and 0.3561 for women, k2 = 0.03219 for men and
0.03308 for women, k3 = 0.6041 for men and 0.1833 for
women. PVB is then converted to millilitres.

Step 2: Calculate the volume of red blood cell loss (RBC),

RBC ¼ PBV� Hctpreop � Hctpostop
� �

;

where RBC = red blood cell volume loss in millilitres (mL),
Hctpreop = preoperative haematocrit, Hctpostop = postoperative
haematocrit.

Step 3: Convert red blood cell volume loss to total blood
volume loss,

Total blood volume loss ¼
RBC

Hctavg
þ Number of units of blood transfused

Hctavg
;

where Hctavg = (Hctpreop + Hctpostop)/2. The rationale is that to
calculate the total volume of blood loss, the RBC must be
divided by the average hematocrit and the transfused blood
must be taken into account. An average unit of blood contains
280 mL with a Hct of 0.6 which is the red cell equivalent of
168 mL with a Hct of 1. Because this is diluted by the
patient’s blood volume, the value must in turn be divided
by the average hematocrit.

A search of the National Integrated Medical Imaging Sys-
tem (NIMIS; McKesson, Texas, USA) was performed for any
investigation related to a thromboembolic event (lower limb
venous ultrasound, pulmonary CT angiography, and CT brain)
ordered in the first 6 months post-surgery and the outcome. The
NIMIS system is a nationwide picture archiving system
installed in every academic hospital and can be accessed from
any hospital. The index of suspicion for a thromboembolic
event in each group was defined as the total number of such
investigations ordered, implying that the clinical picture was
enough to warrant the clinician to order these costly procedures.

The Shapiro–Wilk test was used to assess the distribution of
our data. As the data were not normally distributed, the Mann–
Whitney test was conducted for the continuous variables and
the Fisher exact test was employed for the categorical ones,
with significance set at p � 0.05. All analyses were performed
using the Statistical Package for the Social Sciences (SPSS)
version 24 (IBM).

Results

Primary aim

The tourniquet group had significantly less calculated
perioperative blood loss (878.2 mL) compared to the no tourni-
quet group (1291.9 mL), with p < 0.001 (Table 2). There was
no difference in the self-reported postoperative day 1 pain
scores between groups (4.50 in the tourniquet group vs. 4.63

Table 1. Patient demographics.

Tourniquet No tourniquet P value
Total number of patients 54 43
Sex 0.08
Male 22 25
Female 32 18

Age (years) 70.60 (71.13; 66.89–75.51) 66.42 (67.10; 59.43–72.73) 0.02*
BMI (kg/m2) 32.24 (31.85; 29.08–34.40) 32.54 (31.40; 26.51–36.25) 0.82

The data are presented as the mean (median; IQR), where IQR is the interquartile range.
* Marks a significant difference between groups.
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in the non-tourniquet group, p = 0.85). Neither day 2, nor at dis-
charge knee, ROM and quadriceps lag differed between
cohorts. The LOS was also similar between groups (4.57 days
in the tourniquet group vs. 4.14 days in the non-tourniquet
group, p = 0.65). There was only 1 thromboembolic event
(ischaemic stroke) in the tourniquet group, but the index of sus-
picion for such events did not differ between cohorts (p = 0.84).
The mean time the tourniquet was inflated was 57.1 min
(median 60, IQR = 45.8 � 75).

Secondary aim

Women had a lower day 2 maximum flexion (mean 71.6�)
when compared to men (mean 84.7�) from the tourniquet

cohort, with p = 0.02. For both the tourniquet and the non-tour-
niquet groups, women had a longer LOS compared to men:
mean 4.5 days for women versus 3.9 days for men in the
non-tourniquet group (p = 0.03) and mean 5.2 days for women
versus 3.6 days for men in the tourniquet group (p < 0.001). In
the non-tourniquet cohort, women had a significantly greater
day 2 quadriceps lag (mean 25.3) than men (mean 17), with
p = 0.02. Also, in the tourniquet group, men lost more blood
than women (1052 mL vs. 758 mL, p < 0.001). No difference
was found between genders in either subgroup regarding pain,
an extension on day 2 and flexion, extension and quadriceps lag
at discharge (Table 3). There was no difference between
genders in the tourniquet cohort with regards to age
(p = 0.15) and BMI (p = 0.21). In the non-tourniquet group,

Figure 1. Study algorithm.

Table 2. Primary aim (outcomes).

Tourniquet No tourniquet P value U value Z value
Total blood volume loss (mL) 878.19 (826.96;

618.24–1155.71)
1291.91 (1209.22;
1073.45–1497.29)

0.00* 536.00 �4.539

Day 1 pain score (/10) 4.50 (4; 2.75–6) 4.63 (4; 3–6) 0.85 1136.50 �0.179
Knee ROM (degrees)
Day 2 extension 7.17 (10; 0–10) 6.15 (10; 0–10) 0.42 986.50 �0.809
Day 2 flexion 76.75 (80; 65–90) 78.15 (80; 70–90) 0.83 1059.00 �0.213
Day 2 lag 19.17 (20; 13.75–25) 20.81 (20; 12.50–30) 0.36 754.50 �0.904
Discharge extension 7.30 (10; 3.75–10) 5.90 (5; 0–10) 0.20 946.00 �1.269
Discharge flexion 88.09 (90; 85–90) 85.85 (90; 80–90) 0.24 960.50 �1.178
Discharge lag 15.62 (15; 10–20) 16.05 (15; 10–20) 0.89 1049.00 �0.134

Length of stay (days) 4.57 (4; 3–5) 4.14 (4; 3–5) 0.65 1100.50 �0.454
Index of suspicion for thromboembolic event 8/54 (15%) 7/43 (16%) 0.84

The data are presented as the mean (median; IQR), where IQR is the interquartile range.
* Marks a significant difference between groups.
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men and women were also not different with respect to age
(p = 0.36) and BMI (p = 0.52).

Discussion

Study aims

The literature is quite divisive on how tourniquet use during
primary TKA can affect blood loss and functional outcomes. A
summary of the most important studies contributing to the
debate is presented in Table 4. Our study shows that using a
tourniquet can lead to 32% less perioperative blood loss, with
similar early postoperative pain, ROM, quadriceps lag, and
LOS to tourniquet-less surgery.

Our findings seem to be consistent with a recent meta-ana-
lysis showing that tourniquet use can significantly reduce blood

loss [18]. Regardless, the results of Schnettler et al. report a
paradoxical higher blood loss when using a tourniquet and
tranexamic acid compared to using tranexamic acid alone [8].
The blood loss reduction in our study was clinically significant
as the only two patients who needed a transfusion were in the
non-tourniquet group, but overall the literature seems to suggest
that using a tourniquet does not reduce the need for transfusions
[18, 19].

Functional results similar to ours have been reported by
Goel et al. and McCarthy et al. who showed that there is no dif-
ferences in pain, ROM and quadriceps function at any point
during the in-hospital period between tourniquet and tourni-
quet-less surgery [9, 20]. By contrast, Huang et al. reported that
tourniquet use was associated with lower ROM and higher pain
up until the 5th postoperative day [21]. Similarly, Chen et al.
demonstrated that tourniquet use for the entirety of the TKA

Table 4. Literature debate summary.

Blood loss Pro-tourniquet Cai et al. [18] – Tourniquet use can significantly decrease intraoperative blood
loss but did not significantly decrease postoperative blood loss.

Anti-tourniquet Schnettler et al. [8] – Tourniquet use with tranexamic acid leads to more blood loss
than tranexamic acid alone.

Functional outcomes Pro-tourniquet Goel et al. (randomized controlled study) [9] – Tourniquet use has similar in-hospital
functional results compared to no tourniquet McCarthy et al. [20] – No clinically
important differences in pain, ROM, and LOS during an in-hospital stay between
groups.

Anti-tourniquet Huang et al. (randomized controlled study) [21] – No tourniquet and tranexamic acid
leads to less pain, less swelling, better ROM, and satisfaction during hospital stay
compared to tourniquet use Chen et al. (randomized controlled study) [22] – Half-
course tourniquet use leads to less pain and better ROM than full-course tourniquet
use.

Gender-based outcomes There is a difference O’Conner [15] – Gender has been shown to impact both function and pain relief both
before and after TKA. Women have a worse preoperative physical function and do
not reach the same final level of physical function as men.

There is no difference Gen et al. [16] – Gender does not seem to affect short-term outcomes.

Table 3. Secondary aim (gender subgroup outcomes).

Males Females P value U value Z value
Total blood volume loss (mL)
Tourniquet 1052.81 (979.16;

786.91–1268.29)
758.13 (684.46;
520.69–959.21)

0.00* 191.00 �2.834

No tourniquet 1361.57 (1209.22;
1080.27–1572.18)

1195.17 (1199.69;
971.41–1443.43)

0.43 193.00 �0.788

Knee ROM (degrees)
Day 2 flexion
Tourniquet 84.67 (90; 80–90) 71.56 (72.50; 60–85) 0.00* 169.00 �3.093
No tourniquet 79.33 (80; 70–90) 76.47 (80; 67.50–87.50) 0.46 177.00 �0.724

Day 2 lag
Tourniquet 20.28 (20; 17.50–26.25) 18.46 (17.50; 11.25–25.00) 0.42 217.00 �0.806
No tourniquet 17 (15; 10–30) 25.29 (30; 20–30) 0.02* 96.50 �2.307

Length of stay (days)
Tourniquet 3.64 (3; 3–4) 5.22 (4; 4–5) 0.00* 179.00 �3.180
No tourniquet 3.88 (3; 3–4) 4.50 (4.50; 3–6) 0.03* 141.50 �2.105

For clarity, only the outcomes that are significantly different between subgroups are presented in the table.
The data are presented as the mean (median; IQR), where IQR is the interquartile range.
* Marks a significant difference between groups.
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leads to higher pain levels up until postoperative day 3 when
compared to patients who had the tourniquet used only during
osteotomies [22].

We only had one thromboembolic event (ischemic stroke)
in the tourniquet group, but drawing a conclusion from this
would be spurious. Most studies dealing with complications
after tourniquet use investigate the DVT incidence, but less
so the incidence of pulmonary embolism or stroke. Still, some
studies suggest there might not be a higher risk for a cumulated
thromboembolic event when using a tourniquet [23]. In our
study, the number of thromboembolic-related paraclinical
procedures did not significantly differ between groups suggest-
ing that neither one was superior at reducing costly
investigations.

Gender differences in TKA have been of interest to the
orthopaedic community, leading to gender-specific implants.
If on this topic the literature seems to point that there is no
clinical benefit from gender-specific implants [24] and data
on gender-specific outcomes after tourniquet use is sparse and
divisive. Some studies claim that women have lower postoper-
ative functional scores than men [15], while others argue that
there is no difference [16]. Our data suggest that there might
be a difference in how genders tolerate a tourniquet. The blood
loss difference in the tourniquet group (1052 mL for men vs.
758 mL for women), although statistically significant, can be
clinically insignificant and could be explained by the different
blood volumes between genders. Women had worse outcomes
when using a tourniquet, having a day 2 postoperative knee
flexion on average 14 degrees lower than men from the same
group. Comparatively, in the no tourniquet group, men had a
lower day 2 quadriceps lag than women (17 vs. 25.29�). At dis-
charge, these gender-specific functional outcomes did not differ.
As there were no differences in pain between males and females
in the tourniquet group (mean males pain score 4.91, in females
4.22, p = 0.43) that could explain an impeded maximum
flexion, limb ischemia, and muscle edema may affect women
more because of reduced muscle mass. Dreyer showed an
accelerated reduction of up to 14% of the quadriceps volume
for up to 2 weeks after TKA was performed with a tourniquet
[12]. With age, lower limb muscle mass, strength, and gait
speed seem to have a faster decline in men, but women lose
more quadriceps muscle mass (81% decrease in women vs.
65% in men) [25, 26]. More so, decreased quadriceps muscle
strength has been associated with increased mortality risk in
the elderly [27].

Limitations

The primary weakness of this study is that the groups are
non-controlled. Secondly, previous anticoagulation treatments
were not covered when studying blood loss. Thirdly, our groups
had marginally differed age, with the tourniquet group having
older people (median of 71 years vs. 67 years). Although these
limitations can be mitigated by all TKAs being performed at a
single institution, with identical multimodal perioperative care
that includes analgesia and rehabilitation, ultimately each cohort
had a different surgeon and implant. Both surgeons were
fellowship-trained, high-volume arthroplasty surgeons, though,
and used the same standardized methodology when performing

the operations, including the same route and dose of tranexamic
acid.

Conclusion

This retrospective cohort study suggests that using a tourni-
quet during TKA can limit blood loss with no differences in
early postoperative functional outcomes, pain, and thromboem-
bolic events compared to tourniquet-less surgery. There may be
differences in how genders tolerate tourniquets, with women
showing worse short-term functional outcomes. To this extent,
we believe there is room for a more tailored approach with a
tourniquet being judiciously used according to a patient’s
gender, age, biology, and potential muscle mass.
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