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a b s t r a c t

Background: Total knee arthroplasty (TKA) is a commonly performed procedure worldwide for the
treatment of knee joint disease. Tourniquet is frequently used during the entire procedure to reduce
blood loss and increase surgical comfort. On the other hand, tourniquet-related complications exist, and
there are still controversies whether benefits outweigh the risks.
Methods: Patients undergoing simultaneous TKAs had one knee assigned to group A (use of tourniquet
during the entire procedure) and the other knee assigned to group B (use of tourniquet only during
cementation). Blood loss, intraoperative complications, implant alignment, soft tissue swelling, pain
score, and range of motion were analyzed.
Results: Fifty-four patients undergoing 108 TKAs were included in the study. Total blood loss was almost
2 times higher in group B knees compared with group A. No difference was observed between groups in
implant alignment, soft tissue swelling, pain, range of motion, or other early postoperative complications.
Conclusion: Tourniquet use in TKAs during the entire surgical procedure reduces total blood loss, without
an increase in early postoperative complications.

© 2018 Elsevier Inc. All rights reserved.
Total knee arthroplasty (TKA) is a frequently performed
orthopedic procedure worldwide, with a high rate of success in
treating knee joint disease [1,2]. Complications related to the
surgical procedure include blood loss, vascular lesions, nerve
damage, extensor mechanism disruption, cardiovascular compli-
cations, pulmonary embolism, wound breakdown, knee stiffness,
knee instability, persistent pain, and implant loosening [3].

Tourniquet is commonly used during TKA by more than 90% of
orthopedic surgeons for preventing blood loss, increasing surgical
comfort, better implant fixation, and decreasing surgical time
[4e7]. The tourniquet use has potential risks, including thigh pain,
soft tissue damage, nerve injury, rhabdomyolysis, vascular injury,
subcutaneous fat necrosis, infections, and deep vein thrombosis
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(DVT) [2,5,8,9]. There are still controversies in the literature on
whether or not benefits exceed the risks [5].

There is no study in the current literature to compare the effects
of tourniquet used during the entire procedure with tourniquet use
during implant cementing in simultaneous bilateral TKAs [10e14].
The purpose of the study is to determine the best technique of
using a tourniquet in TKAs, by analyzing their benefits and risks.
Patients and Methods

The research received the Ethics Commission Approval and
consisted in a randomized controlled study on patients undergoing
simultaneous bilateral TKA at our institution, from August 2013 until
October 2014. Exclusion criteria included coagulopathy (bleeding
time >9 minutes, partial thromboplastin time <60 seconds and
>70 seconds, activated partial thromboplastin time <30 seconds and
>40 seconds, and prothrombin time <11 seconds and >14 seconds),
low hemoglobin (<12 mg/dL), ischemic heart disease (positive
functional or stress tests), uncontrolled hypertension (systolic blood
pressure �140 mm Hg or an average diastolic blood pressure of
�90mmHg), peripheral artery disease (Fontaine stages II, III, and IV),
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Fig. 1. Postoperative radiological measurements on knee anteroposterior (AP) view (left x-ray) and lateral view (right x-ray).
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and chronic venous disorders (Clinical Etiologic Anatomic Patho-
physiologic stages 2-6).

Collected preoperative data included patient's gender, age, and
medical history. The left and right knees were randomized blindly
(using the systemof sealed envelopes) into 2 groups: groupAdwith
the use of a tourniquet during the entire surgical procedure; group
Bdwith the use of a tourniquet only during implant cementing.
Table 1
Descriptive Statistics of Age and BMI Within Patients.

Number Minimum Maximum Mean SD

Age 54 49 77 62.93 7.483
BMI 54 25 44 32.41 4.882

BMI, body mass index; SD, standard deviation.
Surgical Protocol

The surgeries were performed by the same surgeon and
anesthesiologist. All patientshadperioperativemanagement including
1.5 grams of intravenous cefuroxime and 1 gram of intravenous
tranexamic acid at the induction of spinal anesthesia. The surgeon and
the anesthesiologist were unaware of the allocation within groups
until the sealed envelopes were opened after the induction of anes-
thesia. All the surgeries were first performed on the right knees,
regardless of theallocationwithingroups, followedby the left knees. In
group A, the leg was then exsanguinated using elevation and Esmarch
bandage. Consequently, the tourniquet was inflated at a value of
100-150mmHgabove the systolic bloodpressure, up to amaximumof
350mmHg. In group B knees, the tourniquet was installed during the
preparation and kept deflated. An Automatic Tourniquet System 3000
from Zimmer with a 42-inch cuff was used during the study.

The skin incision and subvastus approach were performed in
knee extension, whereas the rest of the surgery was performed in
90 degrees of knee flexion. Before implant cementing in group B
knees, we inflated the tourniquet. Pulse lavage was used, and bone
bedswere prepared.Moreover, the drill hole in the distal femurwas
filled with autogenous bone graft plug. When the bone beds were
dry, we applied Palacos cement with gentamicin for implant
fixation. Patella was not resurfaced in any of the groups. All the
implants used during this studywere cemented posterior stabilized
TKAs from Zimmer. Ten minutes after implants cementing, the
tourniquet was deflated in group B knees.

Difficulty in visualizing anatomical landmarks including tibial
tuberosity, Whiteside's line, transepicondylar axis, medial and
lateral epicondyles because of increased intraoperative hemor-
rhage was recorded as follows: good visualization, acceptable
visualization, and poor visualization.

One suctiondrainwas insertedbefore closure and a 50mL cocktail
including 2% lidocaine and 750 mg of cefuroxime was injected into
the knee joint space for pain management and antibioprophylaxis.
After sterile dressing application, the tourniquet was deflated in
group A knees. A compressive dressing was applied.
Postoperative Protocol

Patients, physiotherapists, and nurses were unaware of the
randomization.

Postoperative drug administration included cefuroxime for
72 hours postoperatively at a dose of 4.5 grams/d and 5 weeks of
Dabigatran 220 mg or Xarelto 10 mg daily, started 6 hours
postoperatively. The drains were removed 24 hours after surgery.

All the patients received the same physiotherapy protocol starting
on the first postoperative day, including muscle strength training,
passive range of motion (ROM) exercises, active ROM training, and
walking training, all supervised by the same physiotherapy team. The
patients were followed up for 3 months after the surgical procedure.

Collected data included postoperative blood loss, pain score,
ROM, thigh circumference, and radiological measurements of
femoral and tibial implants' positioning. Other complications
including DVT, infections, and delayed wound healing were
recorded. Ultrasonography for diagnosis of DVT was performed
only in the presence of clinical symptoms.



Table 2
Intraoperative Visualization of Anatomical Landmarks.

Poor
Visualization

Acceptable
Visualization

Good
Visualization

Group A (tourniquet) 4 (7.4%) 14 (25.9%) 36 (66.6%)
Group B (tourniquet-less) 27 (50%) 19 (35.1%) 9 (16.6%)
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Calculations and Measurements

Intraoperative blood losswas calculated as the volume of liquid in
the suction bottle minus the volume of irrigation fluid used
throughout the surgery. The increase in surgical gauze weight used
was also added to the total blood loss. Postoperative blood loss was
calculated using the graduated cylinders within the suction drainage
system. All the blood loss calculations were performed by the same
surgeon.

Visual analog scale was assessed daily by the same surgeon
during the first 10 days postoperatively as inpatient, as well as at 3,
5, 8, and 12 weeks postoperatively as outpatient. Thigh pain was
not distinguished from wound pain.

The time needed to achieve straight-leg raise was recorded.
Knee ROMwas assessed daily using a goniometer, at the edge of the
bed, by the same physiotherapist, during the first 10 days
postoperatively, as well as at 3, 5, 8, and 12 weeks after surgery. The
goniometer was aligned using lateral malleolus, lateral femoral
condyle, and the greater trochanter as bony landmarks. Every
measurement was performed within the physiotherapy
department in our institution.

Thigh circumference was measured daily as inpatient by the
same surgeon for the first 7 days at the site of tourniquet placement
to assess soft tissue swelling.

Bilateral anteroposterior and lateral x-rays were performed in the
first postoperative week. The following parameters were measured:
anatomic lateral distal femoral angle (a) and medial proximal tibial
angle (b) on the weight-bearing anteroposterior view; tibial slope
(g), femoral component flexion/extension angle (d), and Insall-
Salvati ratio (b/a) on the lateral view (Fig. 1). The measurements
were performed twice by the same examiner and the average had
been taken into account. If the difference between measurements
wasmore than 2�, bothmeasurementswere repeated. The technique
of performing themeasurements was described by Sarmah et al [15],
and the following were the reference values used in the study:
anatomic lateral distal femoral angle [80�-86�], medial proximal
tibial angle [90� ± 3], tibial slope [85�-90�], femoral component
flexion/extension angle [0� ± 3], and Insall-Salvati ratio [0.8-1.2] [16].
Statistics

For statistical analysis, we calculated means, standard
deviations, frequencies, and percentages. Normal distribution was
checked using Shapiro-Wilk test. Paired Student t test was
performed and P values <.05 were considered to be statistically
significant. Statistical calculations were performed using Microsoft
Table 3
Descriptive Statistics of Radiological Measurements of Component Positioning.

Group A (n ¼ 39)

Average

Anatomic lateral distal femoral angle 85.31� [79.81�-89.58�]
Medial proximal tibial angle 89.11� [84.16�-92.82�]
Tibial slope 86.69� [79.78�-93.45�]
Femoral component flexion/extension angle 2.56� [0.12�-8.64�]
Insall-Salvati ratio 0.93� [0.67�-1.37�]
Windows SPSS, version 15.0 (Statistical Package for the Social
Science; SPSS Inc, Chicago, IL).
Results

Fifty-four patients undergoing simultaneous bilateral TKA were
included in the study. Female represented 63% (n ¼ 34) of the pa-
tients. In group A, there were 37 right knees and 17 left knees,
whereas group B was represented by 17 right knees and 37 left
knees. Descriptive statistics regarding age and body mass index are
shown in Table 1.

Most patients included in the study (n ¼ 52, 96.3%) had the
diagnostic of knee osteoarthritis, whereas the rest of the patients
(n¼ 2, 3.7%) were diagnosed with rheumatoid arthritis of the knee.
Surgical Complications

More intraoperative visualization difficulties of anatomical
landmarks, due to excessive bleeding, were encountered in group B
knees (Table 2). As a result, subjectively more electrocautery, a
more frequent pulse lavage, suction, and dry gauzes were applied to
maintain a relatively bloodless field during implant cementing.
Despite the use of these methods, blood was still present in bony
trabeculae before cementation in case of tourniquet-less knees.

In group B, we encountered 2 cases of intraoperative partial
injury to the patellar tendon, without the need of repair or
augmentation, and 1 case of superficial wound infection, whichwas
successfully treated. No such complications were observed in group
A. On the other hand, we found no vascular injuries, nerve lesions,
cardiovascular events, or clinical symptoms of DVT in any of the
groups.
Blood Loss

The intraoperative blood loss in group A was 91.35 ± 57.32 mL,
compared with 478.53 ± 253.65 mL in group B knees. The differ-
ence was statistically significant (P < .0001). The mean post-
operative blood loss was 361.76 ± 222 mL in the group A, lower
compared with group B (mean of 408.28 ± 192.41 mL), but the
difference was not statistically significant. The overall blood loss
was almost double in group B knees (453.11 ± 246.35 mL)
compared with group A (886.81 ± 364.11 mL).
Radiological Measurements

Seventy-eight anteroposterior and lateral view x-rays were
analyzed (39 in group A and 39 in group B). No statistically
significant differences (P < .05) were found between groups
regarding anatomic lateral distal femoral angle, medial proximal
tibial angle, tibial slope, femoral component flexion/extension
angle, and Insall-Salvati ratio (Table 3). Nevertheless, there was an
increased number of outliers in group B (tourniquet-less) compared
with group A knees of almost all of the parameters (Table 3).
Group B (n ¼ 39) Student t Test

Outliers Average Outliers P Value

13 84.98� [78.17�-88.06�] 15 .49
5 89.21� [84.76�-92.85�] 6 .83

21 87.06� [78.74�-96.04�] 26 .69
14 2.91� [0.1�-9.04�] 15 .49
9 0.90� [0.70�-1.28�] 9 .32



Table 4
Mean Postoperative Pain Score After Total Knee Arthroplasty in Groups A and B.

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 W3 W5 W8 W12

Group A (tourniquet) 4 3.51 3.22 3 2.59 2.48 2.29 2.14 2.09 1.92 3.70 2.62 2.09 1.96
Group B (tourniquet-less) 3.88 3.37 3.33 2.88 2.48 2.48 2.48 2.14 2.05 1.92 2.70 2.44 2.03 1.77

W3, visual analog scale at 3 weeks postoperatively; W5, visual analog scale at 5 weeks postoperatively; W8, visual analog scale at 8 weeks postoperatively; W12, visual analog
scale at 12 weeks postoperatively.

Fig. 2. Mean postoperative thigh circumference in groups A and B knees.
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Pain

Postoperative pain was slightly more in the tourniquet group
(Table 4), but the results were not statistically significant. The only
significant difference (P < .001) was found at week 3
postoperatively, when group A had a higher mean pain score
(3.7 ± 1.75) compared with the group B (2.7 ± 1.12) (Table 4).

Soft Tissue Swelling

Postoperative thigh circumference was higher in group B knees
(tourniquet used only during cementation), but a statistically
significant difference was found only at 5 days postoperatively
(P ¼ .024), with a mean of 57.85 ± 6.73 cm in group A and
58.59 ± 6.86 cm in group B (Fig. 2). The thigh diameter equalized in
the sixth postoperative day.

Range of Motion

The mean postoperative flexion in day 1 was the same in both
groups (87.6�) (Fig. 3). All the patients could fully extend the knees
and perform straight-leg raise in the first postoperative day. At 10
days postoperatively, patients could flex the knees to an average of
110.67� ± 17.3� for group A and 109.67� ± 15.7� for group B (Fig. 3).
Both groups reached a mean of around 138 degrees of flexion at 8
weeks postoperatively (138.06� for group A and 138.15� for group
B; Fig. 3). The only statistically significant difference was found at 5
weeks postoperatively (P ¼ .02), when group A had a lower ROM
average compared with group B (123.89� vs 126.85�) (Fig. 3).

A weak correlation between ROM and pain (r ¼ 0.30) has been
shown. There was no correlation neither between ROM and thigh
diameter (r¼ 0.21), nor between thigh diameter and pain (r¼ 0.10).

Discussions

To our knowledge, the present study has the highest number of
patients and parameters than any other research that compares the
tourniquet effect in simultaneous TKA [13,14]. Moreover, it is the
first study to compare tourniquet use during the entire surgical
procedure with its use only during cementing, in simultaneous
TKAs. Studies on simultaneous TKAs, compared with those on
unilateral knee arthroplasties [10e12], eliminate the differences
between patients in surgical technique, pain thresholds, hemosta-
sis, rehabilitation protocols, comorbidities, and pain management,
which can affect results.

An impaired visualization of anatomical structures during
surgery caused by hemorrhage can lead to iatrogenic injuries and
implant malalignment. Both cases of partial injuries of the patellar
tendon were found in group B knees, suggesting a higher risk of
iatrogenic injuries in case of tourniquet use only during cementa-
tion. Although these intraoperative complications in our study
did not require repair, it is important to state that a high-volume
surgeon performed all the procedures. Therefore, a bloody surgical
field could have a greater effect on a low-volume surgeon,
leading to more frequent and more severe intraoperative compli-
cations [16,17].
Regarding implant alignment, our postoperative radiological
findings showed an increased number of outliers in several
parameters affecting group B knees, but did not suggest a statisti-
cally significant malpositioning of the components. A limit of our
study is that it did not quantify components' mechanical axis
alignment and rotation. For mechanical axis alignment measure-
ments, long leg x-rays are needed, as for components' rotation, these
can be calculated using computed tomography. Both thesemethods
are not routinely performed in our institution after TKAs. To our
knowledge, this is the first study to compare implant alignment in
tourniquet vs tourniquet-less TKAs.

The blood present in bone trabeculae before cementation in
group B knees, despite a higher use of electrocautery, pulse-lavage,
suction, and dry gauzes, does not seem to affect implant survival,
but long-term studies are required [18,19]. A limitation of the
present study is that objective methods to quantify lavage fluid,
number of gauzes used, or time of electrocautery use during the
surgeries were not used.

The single case of superficialwound infection, occurring in group
A, could be explained by a possible wound hypoxia postoperatively,
produced by the tourniquet [20]. The absence of DVT in our study is
contrary to other studies on simultaneous bilateral TKA [21]. This
could be explained by excluding patients with chronic venous
disorders (Clinical Etiologic Anatomic Pathophysiologic 2-6) and by
not performing ultrasonography systemically. Nerve lesions were
not detected, most likely due to an appropriate use of tourniquet
pressure [22,23].

The difference between group A and B in terms of blood loss is
according to other studies in the literature [6,7,24,25]. On the
contrary, there are studies which showed a higher blood loss when
a tourniquet was used [26,27]. According to Mraovic et al [27],
limiting blood loss is important in lowering blood transfusions,
decreasing surgical site infections and costs.

The similar pain scores between groups in our study is against
previous studies on simultaneous bilateral knees, in which lower
pain levels were found in TKAs without applying a tourniquet
[14,21]. The difference can be explained by the fact that unlike our
study, the previous articles did not have a group of tourniquet use
only during cementation. During our study, we used a tourniquet
pressure of 100-150 mm Hg above the systolic blood pressure,
which is recommended by Worland et al [13] for a reduced



Fig. 3. Mean degrees of flexion after total knee arthroplasties in groups A and B
throughout rehabilitation period. W3, range of motion at 3 weeks postoperatively; W5,
range of motion at 5 weeks postoperatively; W8, range of motion at 8 weeks post-
operatively; W12, range of motion at 12 weeks postoperatively.
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postoperative pain. Other studies used different tourniquet
pressures, which might influence the result [28e32]. The low pain
scores in the early postoperative days might indicate a good pain
management. The difference in pain was observed only at the third
postoperative week because during hospitalization we have been
using an aggressive protocol for pain management, and some of
those narcotics were not able to be used as outpatient.

Our study did not assess the knee muscle strength and
functional outcome such as Western Ontario and McMasters
Universities Osteoarthritis Index Score, Lysholm Knee Score, and
International Knee Documentation Committee Knee Form. These
scores could point out a relation between the technique of tour-
niquet use and activity, symptoms, as well as knee function.

The soft tissue swelling, higher in group B knees, could be
explained by the more severe surgical trauma and more post-
operative inflammation in the knees without tourniquet. Tai et al
[31] determined C-reactive protein and creatinine phosphokinase
and concluded that the use of a tourniquet during TKAs was
effective in avoiding excessive postoperative inflammation and
muscle damage. In our study, the soft tissue swelling has a peak at
the fourth postoperative day, according to erythrocyte sedimenta-
tion rate and C-reactive protein levels [32]. Thigh swelling does not
seem to affect ROM and pain values according to our results.

The similar results in ROM and functional outcome were ac-
cording to other studies in the literature performed both on
simultaneous bilateral [21] and unilateral TKAs [2,33], both groups
achieving an excellent outcome at 3 months postoperatively. The
straight-leg raise performed on the first postoperative day by all
patients is against a previous study on simultaneous bilateral TKA,
where patients first performed straight-leg rise at an average of 3
days postoperatively [21]. This difference could be explained by a
different rehabilitation protocol between the 2 institutions.

Throughout our study, potential risk related to using a tourni-
quet such as vascular injuries, nerve lesions, cardiovascular events,
or DVTwere not encountered. Parvizi and Diaz-Ledezma [34] stated
that most complications mentioned previously are likely to be
multifactorial, therefore a conclusive cause-effect relationship
cannot be established.

This randomized controlled study had some limitations.
Although we showed that intraoperative blood loss was signifi-
cantly less in the tourniquet group, Sehat et al [35] showed that
there is an uncalculated blood loss quantity that could not be
calculated in our study. We did not distinguish between thigh and
knee pain during our assessment, a drawback which could explain
thedifferencebetweenour result andother studies on simultaneous
TKAs [14]. The surgeon performing all the TKAs is a high-volume
surgeon, better prepared to deal an impaired visualization of
anatomical landmarks because of a bloody surgical field. On the
other hand, a low-volume surgeon might have an increased rate of
intraoperative complications compared with our study's results.

Conclusion

The use of a tourniquet in TKAs during the entire procedure is
safe, results in lower blood loss and better visualization of
anatomical landmarks compared with the use of a tourniquet only
during cementing. The study showed no significant differences
between groups in pain, soft tissue swelling, implant alignment,
ROM, or other early postoperative complications.
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