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Article info: : ABSTRACT
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03 Jan 2023 . Background: Total knee arthroplasty (TKA) is an effective surgical procedure for alleviating
28 Jan 2023 ¢ pain and improving function in patients with severe knee osteoarthritis. However, significant
01 Feb 2023 . intraoperative blood loss is a common concern, often necessitating blood transfusions and

increasing the risk of complications. A tourniquet during TKA is a widely accepted technique
to reduce blood loss and improve implant fixation, but it may lead to postoperative pain and
restricted range of motion (ROM).

Objectives: This randomized clinical trial aimed to compare intraoperative blood loss,
postoperative ROM, and pain in patients undergoing TKA with and without a tourniquet.

Methods: A total of 34 patients were randomized into two groups: 18 patients in the tourniquet
group (TG) and 16 in the non-tourniquet group (NTG). Intraoperative blood loss, postoperative
hemoglobin levels, ROM, thigh pain, and straight leg raise (SLR) were measured at multiple
intervals postoperatively.

Results: The results showed that the TG group had significantly lower intraoperative blood loss

(236.11 mL vs 531.25 mL, P<0.001) and higher postoperative hemoglobin levels than the NTG

. group. However, the TG group experienced significantly lower ROM on the first and second

Keywords: postoperative days (P<0.001) and reported greater thigh pain. By six months postoperatively, the
:  two groups had no significant difference in ROM.

Total knee arthroplasty

(TKA), Tourniquet, Blood Conclusion: Using a tourniquet in TKA significantly reduces intraoperative blood loss but is
loss, Range of motion . associated with increased immediate postoperative pain and reduced early ROM. However, these
(ROM), Postoperative : adverse effects do not persist long-term. Individualized patient care and strategies to optimize
pain tourniquet use are recommended to balance these outcomes.
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Introduction

otal knee arthroplasty (TKA) is a highly

effective surgical intervention for improv-

ing the quality of life, range of motion

(ROM), and overall function of the knee

joint in patients suffering from severe

knee osteoarthritis [1]. However, signifi-
cant blood loss during and after TKA is a primary con-
cern, often necessitating blood transfusions and increas-
ing the risk of related complications [2]. Studies have
reported that the average blood loss during TKA ranges
from 1000 to 2000 mL, with 10% to 38% of patients
requiring a transfusion [3].

Various strategies have been employed to minimize
blood loss and the need for transfusions, including hy-
potensive anesthesia, autologous blood transfusion, bone
cement, pharmacological agents such as tranexamic acid,
and mechanical methods like tourniquet application [4,
5]. The use of a tourniquet is particularly common in
TKA, as it facilitates a bloodless surgical field and im-
proves cement fixation, which may enhance implant sta-
bility and longevity [6]. Despite these advantages, the
use of a tourniquet is associated with several drawbacks,
such as delayed bleeding, increased postoperative pain,
reduced early postoperative ROM, and a higher risk of
complications like deep vein thrombosis [7, §].

The debate on using a tourniquet in TKA has remained
unsolved due to conflicting evidence regarding its bene-
fits and risks. Some studies suggest that while a tourniquet
effectively reduces intraoperative blood loss, it may ad-
versely affect early rehabilitation outcomes, particularly
regarding pain and knee function [9, 10]. Other studies
have found that the long-term outcomes of ROM and
knee function are not significantly different between pa-
tients undergoing TKA with or without a tourniquet [11,
12]. Given the contrasting findings, it is crucial to investi-
gate further the impact of tourniquet use on both bleeding
and ROM to provide clearer guidance on its use in TKA.

This study aims to compare the amount of blood loss
and the postoperative ROM in patients undergoing TKA
with and without a tourniquet. By understanding the
short- and long-term effects of tourniquet application,
this research seeks to contribute to the ongoing debate
and aid in optimizing surgical strategies for TKA.

Methods

This is a single-blinded, randomized clinical trial de-
signed to investigate the effects of wearing a tourniquet
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versus not during TKA at Shafa Yahyaeian Orthopedic
Hospital, Iran. The primary objective is to assess differ-
ences in blood loss and postoperative ROM of the knee
between the two groups.

Eligible participants were adults scheduled for elective
primary TKA. The exclusion criteria included patients
with coagulopathy, rheumatoid arthritis, neurologic mat-
ters that lead to a decrease in the force of quadriceps
femoris muscle, knee flexion <60° or >15" of varus or
valgus deformity before the surgery, history of anti-
platelet, anti-coagulative, or opioid consumption, and
previous knee surgery. All participants provided written
informed consent before enrollment.

Participants were randomized into the tourniquet group
(TG) and the non-tourniquet group (NTG). All patients
underwent spinal anesthesia. In the TG group, a pneu-
matic tourniquet was applied to the proximal thigh. After
bandaging the leg and completely draining the blood,
the tourniquet was inflated to 150-200 mm Hg above the
systolic blood pressure, and the surgery was performed
with a midline incision. In patients with a tourniquet, af-
ter complete bone cutting, the tourniquet was turned off
for 15 minutes (during cementing, a stage of blood vessel
catheterization was performed). The tourniquet was then
re-inflated. The area was thoroughly cleaned and dried.
Complete blood loss was calculated for all patients. He-
moglobin levels were checked before and 6 hours after
surgery and compared with preoperative levels. Twenty-
four hours after surgery, all patients’ straight leg raises
(SLR) were checked to assess pain intensity and patient
cooperation. Celecoxib was prescribed for severe pain.

This study was single-blinded, meaning the partici-
pants were unaware of their group assignment. Surgeons
and operating room staff were not blinded due to the
nature of the intervention. The primary outcome mea-
sure was the ROM, measured preoperatively and one
day, two days, one week, two months, and six months
postoperatively. Secondary outcome measures included
an SLR test, thigh pain one day postoperatively, and in-
traoperative blood loss.

A total of 34 participants were enrolled in the study,
with 18 participants in the TG and 16 in the NTG. The
sample size was calculated based on a power analysis
to detect a clinically significant difference in the rate of
bleeding with an alpha of 0.05 and a power of 0.8.

Participants were randomized using a computer-gen-
erated random sequence in four blocks to ensure equal
allocation. Allocation concealment was maintained us-

BagheriFard A, et al. Effect of Tourniquet on Blood Loss in TTKA. J. Res Orthop Sci. 2023; 10(1):15-20.



https://en-ipdshafa.iums.ac.ir/
https://en-ipdshafa.iums.ac.ir/

Orthopedic Science

ing sealed, opaque envelopes opened just before the in-
tervention.

Trained orthopedic surgery assistants collected data.
Postoperative ROM was recorded at specified intervals,
and blood samples were taken preoperatively and 4 con-
secutive days postoperatively to measure hemoglobin
levels.

Statistical analysis was performed using SPSS soft-
ware, version 22. Qualitative data were addressed using
frequency and percentage, and the quantitative data were
measured using Mean+SD. Continuous variables were
compared using the independent t-test, and categori-
cal variables were compared using the chi-square test.
P<0.05 was considered statistically significant.

Results

A total of 34 participants were included in the study,
with 18 in the TG and 16 in the NTG. The participants
comprised 9 males (26.5%) and 25 females (73.5%),
with no significant differences in baseline characteristics
between the groups.

Intraoperative blood loss

The mean intraoperative blood loss was significantly
lower in the TG compared to the NTG. The TG had an
average blood loss 0f 236.11 cc (£93.63), while the NTG
had an average of 531.25+179.7 cc, a dierence that was
statistically significant (P<0.001). This demonstrates
that the use of a tourniquet effectively reduces blood loss
during knee joint replacement surgery (Table 1).
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Hemoglobin levels

Postoperative hemoglobin levels were measured on
days 1 through 4. On the first postoperative day, the TG
had a mean hemoglobin level of 13.21 g/dL (+1.10),
while the NTG had a significantly lower mean of 11.03
g/dL (£2.98) (P=0.007). This trend continued over the
subsequent days, with the TG consistently showing
higher hemoglobin levels compared to the NTG, indicat-
ing less blood loss in the TG. For instance, on day 4, the
TG had a mean hemoglobin level of 11.39 g/dL (+1.52)
vs 9.85 g/dL (£1.35) in the NTG (P=0.008) (Table 1).

ROM

Postoperative ROM was assessed at arious inter-
vals, with significant differences observed between the
groups. On the first postoperative day, the TG had a
mean ROM of 23.89 degrees (£9.79) compared to 45.00
degrees (£5.16) in the NTG (P<0.001) (Table 1). By the
second day, the mean ROM in the TG increased to 46.67
degrees (£9.08), while the NTG achieved 64.38 degrees
(£6.29) (P<0.001).However, by six months, the ROM in
both groups was similar, with the TG achieving 113.82
degrees (+5.51) and the NTG 101.76 degrees (£6.26),
with no significant difference (P=0.552) (Table 1).

Test and thigh pain

The SLR test results one day postoperatively showed
significant differences between the two groups. In the
TG, 100% of patients rated their SLR as either "very
bad" or "bad," whereas in the NTG, 80% rated it as
"good" or "very good" (P<0.001) (Table 2). Regarding
thigh pain, all patients in the TG reported moderate to

Table 1. Comparing intraoperative blood loss, hemoglobin levels, and ROM

MeantSD
Outcomes P
TG (n=18) NTG (n=16)

Intraoperative blood loss (mL) 236.11493.63 531.25+179.7 <0.001
Postoperative hemoglobin (day 1, g/dL) 13.21+1.1 11.03+2.98 0.007
Postoperative hemoglobin (day 4, g/dL) 11.39+1.52 9.85+1.35 0.008

ROM (day 1, degrees) 23.8949.79 45.0015.16 <0.001

ROM (day 2, degrees) 46.6719.08 64.3816.29 <0.001

ROM (6 months, degrees) 113.8245.51 101.7616.26 0.552
Orthopedic Science
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Table 2. SLR outcomes
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%

SLR Rating P
TG (n=18) NTG (n=16)
Very bad (<45) 44.4 0
Bad (45-60°) 44.4 6.25
<0.001
Good (60-75) 11.2 50
Very good (75-90°) 0 43.75
Orthopedic Science
Table 3. Thigh pain postoperatively
Thigh Pain Severity TG (n=18) NTG (n=16) P
Very mild 0 81.25
Mild 5.88 18.75
Moderate 11.76 0 <0.001
Severe 29.41 0
Very severe 52.94 0
Orthopedic Science

severe pain, with 53% rating it as "severe" or "very se-
vere." Conversely, the majority of NTG patients (94%)
reported very mild or mild pain (P<0.001) (Table 3).

Postoperative hemoglobin levels were measured on
days 1 through 4. On the first postoperative day, the TG
group had a mean hemoglobin level of 13.21+1.10 g/dL,
while the NTG group had a significantly lower mean of
11.03+£2.98 g/dL (P=0.007). This trend continued over
the subsequent days, with the TG group consistently
showing higher hemoglobin levels than the NTG, in-
dicating less blood loss in the TG. For instance, on
day 4, the TG group had a mean hemoglobin level of
11.39+1.52 g/dL vs 9.85+1.35 g/dL in the NTG group
(P=0.008).

Postoperative ROM was assessed at various intervals,
with significant differences observed between the groups.
On the first postoperative day, the TG group had a mean
ROM of 23.89+9.79 degrees compared to 45+5.16 de-
grees in the NTG group (P<0.001). By the second day,
the mean ROM in the TG group increased to 46.67+9.08
degrees, while the NTG group achieved 64.38+6.29 de-
grees (P<0.001). However, by six months, the ROM in

both groups was similar, with the TG group achieving
113.82+5.51 degrees and the NTG group 101.76+6.26
degrees, with no significant difference (P=0.552).

One day postoperatively, the SLR test results showed
significant differences between the two groups. In the
TG, 100% of patients rated their SLR as either “very
bad” or “bad”, whereas in the NTG, 80% rated it as
“good” or “very good” (P<0.001). Regarding thigh pain,
all patients in the TG reported moderate to severe pain,
with 53% rating it as “severe” or “very severe”. Con-
versely, the majority of NTG patients (94%) reported
very mild or mild pain (P<0.001).

Discussion

This study aimed to evaluate the impact of tourniquet
use on blood loss and ROM in patients undergoing TKA.
The findings indicate that applying a tourniquet signifi-
cantly reduces intraoperative blood loss and helps main-
tain higher postoperative hemoglobin levels. Still, it is
associated with increased immediate postoperative thigh
pain and decreased ROM. However, no significant dif-
ference in ROM was observed between the groups at six
months.
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The significant reduction in intraoperative blood loss
observed in the TG compared to the NTG is consistent
with previous studies. Several meta-analyses and ran-
domized controlled trials have reported that tourniquet
application during TKA effectively minimizes intraop-
erative blood loss due to reduced arterial inflow to the
surgical site [13, 14]. Additionally, maintaining higher
hemoglobin levels postoperatively, as seen in our study,
aligns with findings from other studies where tourniquet
use minimized the need for blood transfusion and re-
duced the risk of transfusion-related complications [15].
However, the risk of delayed bleeding upon tourniquet
release remains a concern, suggesting a careful balance
is needed in its application to optimize patient outcomes.

Despite the benefits of blood loss, our study found that
the TG experienced significantly reduced ROM in the
immediate postoperative period. This finding corrobo-
rates with research indicating that the use of a tourni-
quet can lead to early postoperative complications, such
as muscle ischemia, nerve compression, and increased
thigh pain, all of which can contribute to reduced ROM
and delayed rehabilitation [16]. The muscle ischemia
caused by prolonged tourniquet inflation may result in
increased muscle enzyme markers associated with great-
er postoperative pain and swelling, potentially explain-
ing our study’s early reduction in ROM [17]. Further-
more, the compression effects of the tourniquet on soft
tissues can cause a direct injury, contributing to pain and
stiffness [18].

Interestingly, our study found that by six months post-
operatively, the difference between the TG and NTG
groups in ROM was no longer significant, indicating
that the initial disadvantages of tourniquet use in terms
of ROM may not have a long-term impact. This result
aligns with other studies demonstrating that early post-
operative deficits in ROM associated with tourniquet use
tend to resolve with time, and by 6 to 12 months postop-
eratively, there is typically no significant difference in
ROM outcomes between those who had a tourniquet and
those who did not [19].

The use of a tourniquet in TKA remains a topic of de-
bate, particularly regarding its effect on early postop-
erative recovery and complications. The findings from
our study suggest that while tourniquet use effectively
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reduces blood loss, it may contribute to increased early
postoperative pain and delayed functional recovery due
to restricted ROM. Thus, the decision to use a tourni-
quet should be individualized based on the patient’s risk
factors for bleeding and postoperative complications,
the surgeon’s experience, and the specific clinical set-
ting. Additionally, techniques to minimize tourniquet
time and pressure, such as intermittent deflation or lower
inflation pressures, may mitigate some adverse effects
while preserving the benefits [20].

Conclusion

The findings of this study suggest that while the use of
a tourniquet in TKA significantly reduces intraoperative
blood loss and the need for blood transfusion, it is associ-
ated with increased thigh pain and reduced ROM in the
immediate postoperative period. However, these adverse
effects do not persist for a long time, as no significant
differences in ROM were observed six months postop-
eratively. Further studies are recommended to explore
strategies to mitigate the short-term adverse effects of
tourniquet use while preserving its benefits.

Further research is needed to explore alternative strat-
egies that balance the benefits of reduced blood loss
with the depreciation of adverse effects on ROM and
pain. Potential investigation areas include pharmaco-
logic agents like tranexamic acid in conjunction with
lower tourniquet pressures or shorter application times
to reduce bleeding without compromising muscle and
nerve function. Additionally, the role of patient-specific
factors, such as baseline muscle strength and vascular
health, in influencing the outcomes of tourniquet use
warrants further study to refine patient selection criteria.
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