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Abstract
Purpose When a tourniquet is used during surgery on the extremities, the pressure applied to the muscles, nerves and
blood vessels can cause neuromuscular damage that contributes to postoperative weakness. The hypothesis was that the
rehabilitation-related results would be improved if total knee arthroplasty (TKA) is performed without the use of a tourniquet.
Methods 81 patients with osteoarthritis of the knee who underwent TKA surgery were randomized to surgery with or without
tourniquet. Active flexion and extension of the knee, pain by visual analog scale (VAS), swelling by knee circumference,
quadriceps function by straight leg raise, and timed up and go (TUG) test results were measured before and up to 3 months
after surgery.
Results ANCOVA revealed no between-groups effect for flexion of the knee at day 3 postsurgery. Compared with the tourniquet group, the nontourniquet group experienced elevated pain at 24 h, with a mean difference of 16.6 mm, p = 0.005. The
effect on mobility (TUG test) at 3 months was better in the nontourniquet group, with a mean difference of -1.1 s, p = 0.029.
Conclusions The hypothesis that the rehabilitation-related results would be improved without a tourniquet is not supported
by the results. When the results in this study for surgery performed with and without tourniquet are compared, no clear benefit for either procedure was observed, as the more pain exhibited by the nontourniquet group was only evident for a short
period and the improved mobility in this group was not at a clinically relevant level.
Level of evidence Inconsistent results, Level II.
Keywords Total knee arthroplasty · Tourniquet · Rehabilitation · Surgery

Introduction

* Staffan Eriksson
Staffankarldavid.eriksson@dll.se
1

Department of Orthopedics, Nyköping Hospital,
611 85 Nyköping, Sweden

2

Centre for Clinical Research Sörmland, Uppsala University,
Kungsgatan 41, 631 88 Eskilstuna, Sweden

3

Department of Surgical Sciences, Uppsala University,
751 85 Uppsala, Sweden

4

Department of Neuroscience, Physiotherapy, Uppsala
University, Box 593, 751 24 Uppsala, Sweden

5

Department of Community Medicine and Rehabilitation,
Physiotherapy, Umeå University, 901 87 Umeå, Sweden

In 2011, 12,048 primary total knee arthroplasties (TKAs)
were performed in Sweden, and a tourniquet was used in
approximately 90% of them [1]. Depending on the occlusion
time and the magnitude of the applied pressure, tourniquet
use has been associated with an increased risk of neuromuscular damage, which contributes to postoperative weakness
of the quadriceps that can persist for weeks, months, and
even approximately a year [2–8]. In addition, our clinical
impression is that the pneumatic tourniquet can cause pain
and hematoma at the thigh, therefore reducing joint mobility
in the knee and slowing down rehabilitation. The proposed
advantages of tourniquet use include a more visible surgical
field, reduced intraoperative blood loss and, perhaps most
importantly, better cementation results [9].
Several other studies have demonstrated that knee flexion
within the first week after TKA is better when a tourniquet
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is either not used or is used for only a short period [10–18],
and 4 studies reported that this difference persisted for several weeks and even at 2 years after surgery in one of the
studies [10–12, 14]. In 5 studies, the effect on straight leg
raise (SLR) was reported to be better in the first days after
TKA when either no tourniquet was used or was used for
only a short period [10, 13, 17–19]. In addition, a metaanalysis provided evidence of the positive effect on knee
flexion when surgery was performed without a tourniquet
[9]. However, deviating results exist. In one study, the effects
on knee flexion and SLR were similar for surgery with and
without the use of a tourniquet [20]. In another study, the
effects on knee flexion were similar for surgery with longand short duration of tourniquet use [21].
In several of these other studies of tourniquet use in
TKA, few surgeons or an unknown number of surgeons were
involved, and possible bias from surgeons [12, 13, 15, 16,
20] and other possible confounding factors [10–13, 15, 16,
18, 20] were poorly addressed. Compared with the results
regarding knee function during the first days and weeks after
surgery, the results regarding basic mobility over a longer
period may be even more important. In one other study, it
was reported that walking speed was impaired 2 years after
TKA [22]. However, the issue of mobility has been investigated in few studies of tourniquet use and only indirectly
by the use of self-report [11, 14, 17, 18, 23]. Therefore, the
effect of tourniquet use on the rehabilitation-related results,
including a direct measure of mobility at 3 months, was
investigated with methodologies applied to minimize the
effects of confounding factors. The hypothesis of the present
study was that the rehabilitation-related results, including
knee function during the first days after surgery and knee
function and basic mobility at 3 months, would be improved
if TKA is performed without a tourniquet instead of with a
tourniquet.

Materials and methods
A randomized, patient- and assessor-blinded (including
research physiotherapist) controlled trial was performed
between September 2012 and June 2015. The patients were
randomly allocated 1:1 to either the tourniquet group or the
nontourniquet group in blocks of 2, stratified by surgeon.
The study was performed at a local hospital in Sweden and
was registered at the ISRCTN registry: ISRCTN 85166072.

Patients
Patients eligible for recruitment were aged 50–80 years and
were undergoing TKA for the treatment of primary osteoarthritis. Exclusion criteria were revision surgery, valgus
deformity > 30°, one-stage bilateral procedures, rheumatoid
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arthritis, and BMI > 35. Furthermore, after the randomization but before the group allocation was revealed, the
surgeon could exclude a patient in the operating room for
medical reasons, primarily impaired blood circulation (as
determined by the surgeon). This criterion was predetermined but is missing from the original ISRCTN registration;
it was complemented in ISRCTN 12/11/2014. In addition,
patients who underwent surgery on Thursdays were excluded
because measurements on Sundays were not possible.
Eighty-eight patients were randomized (Fig. 1). Seven
patients were excluded after randomization: Six were
excluded due to impaired blood circulation, and 1 was
excluded because the surgery started with a tourniquet and
was finished without one due to the long duration (120 min)
in a bloodless field. This left 81 patients for analysis at day
3. In addition, 4 patients dropped out, which left 77 patients
for analysis at 3 months. In both of these samples, the nontourniquet and tourniquet groups were similar at baseline
except in the use of a walking aid (Table 1) (data not shown
for the 3-month sample).

Recruitment and allocation concealment
An independent statistician used a computerized random
number generator in R to create a random number table
for group allocation prior to the study’s start. The research
physiotherapist (MA) determined the patients’ preliminary
eligibility based on their medical records and then recruited
participants consecutively at the preoperative physiotherapy
appointment. The independent nurse at the orthopedic clinic
then used the computerized surgery planning system “Orbit”
to inform the surgeon and operating team of the participant’s
group allocation according to the random number table. This
information was provided immediately prior to surgery. The
participants were not informed of their group allocation and
were not aware of our hypothesis. To help preserve blinding,
the participants listened to music through headphones during
surgery, and a curtain was used to prevent the participants
from receiving visual cues. Furthermore, tourniquet use was
not noted in the participants’ medical records.

Surgery
Before 2011, the vast majority of TKAs were performed
with a tourniquet; therefore, the surgeons had approximately
18 months of experience performing TKA without a tourniquet prior to the study’s start. Seven senior orthopedic
surgeons with experience in both procedures were included
and none of them was a member of the research team. One
group underwent surgery with a tourniquet (34 in., single
bladder, dual port, Zimmer) around the thigh that applied
a pressure of 300 mmHg and the other group underwent
surgery without a tourniquet. No femoral nerve block was
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Assessed for eligibility (n= 222)
Excluded (n= 134)
* < 50 or > 80 years old (n=40)
* BMI > 35 (n=25)
* Patients with RA (n=11)
* Secondary arthrosis (n=4)
* Declined to participate (n= 29)
* Surgery on Thursdays (n=25)
Randomized (n=88)

Allocation
Allocated to non-tourniquet (n=44)
* Received allocated intervention (n= 43 )
* Did not receive allocated intervention
(impaired blood circulation) (n= 1 )

Allocated to tourniquet (n=44)
* Received allocated intervention (n= 38 )
* Did not receive allocated intervention
(impaired blood circulation) (n=5)
* Tourniquet was released during surgery
due to long duration of surgery (n=1)

Follow-Up
Day 1 and 3
Lost to follow-up (n=0)
Discontinued intervention (n=0)

Day 1 and day 3
Lost to follow-up (n= 0)
Discontinued intervention (n=0)

Analysis
Analysed (n=43)

Analysed (n=38)

Follow-Up
3 months
Lost to follow-up (n=3)
Discontinued intervention (n=3)

3 months
Lost to follow-up (n=1)
Discontinued intervention (n=1)

Analysis
Analysed (n=40)

Analysed (n=37)

Fig. 1  CONSORT flow diagram of patients eligible for this study. Body mass index (BMI), Rheumatoid arthritis (RA)

used. A standard medial parapatellar incision was used.
The cemented NexGen CR- or PS-Flex fixed bearing knee
(Zimmer) prosthesis was used without patellar resurfacing. Infiltration with 150 ml of ropivacaine-supplemented
ketorolac and adrenaline was applied during surgery. If a
tourniquet was used, it was released after the bandages were
applied. Tranexamic acid (1 g) was given intravenously,
10 min before surgery in the nontourniquet group, and
10 min before tourniquet release in the tourniquet group.
2 g of cloxacillin was administered intravenously just before

and twice after the surgery. Low-molecular weight heparin
(Fragmin, 5000 IE subcutaneously) was used for the first 14
postoperative days. Postoperative pain management included
oxycodone 5–10 mg (controlled-release oral formulation)
twice a day, paracetamol 1 g 4 times a day and oxycodone
5 mg when needed. Weight bearing was allowed on the evening of the day of the surgery. On weekdays, the patients
performed rehabilitation training under the supervision of
a physiotherapist, i.e., active-assisted and active range of
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Table 1  Preoperative patient
characteristics and surgeryrelated characteristics
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Men/women, n
Age (years), mean ± SD
BMI (kg/m2), mean ± SD
Hb (g/L), mean ± SD
Use of warfarin, n
Diabetes, n
Use of a walkingaid, n
ASAa
1, n
2, n
3, n
Flexion of the knee (°), mean ± SD
Extension of the knee (°), mean ± SD
Knee circumference (cm), mean ± SD
VAS (mm), mean ± SD
TUG test (s), mean ± SD
Able to perform straight leg raise, n
Use of NexGen CR/PS, n
Use of spinal/general anesthesia, n
Duration of the bloodless field (minutes),
mean ± SD
a

Tourniquet group,
n = 38

p value

22/21
69.7 ± 6.4
27.9 ± 3.5
144 ± 13.3
3
3
12

18/20
68.0 ± 7.4
28.6 ± 3.4
141 ± 13.0
4
3
3

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
0.024

9
31
3
116.2 ± 13.2
− 7.1 ± 5.7
42.9 ± 3.4
17.1 ± 19.3
11.3 ± 2.9
42
39/4
39/4

9
24
5
120.6 ± 11.2
− 7.3 ± 4.6
43.0 ± 3.7
18.4 ± 24.4
10.7 ± 2.5
37
36/2
34/4
99 ± 15

n.s.

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

The American Society of Anesthesiologists (ASA) Physical status classifications system

motion exercises, strengthening exercises, and gait training.
A home-based exercise program followed.

Data collection
The primary outcome measure was active flexion of the knee
at day 3. Outcome measures were collected presurgery and
at day 1, day 3 and 3 months postsurgery. Outcome measures
were collected by nine independent physiotherapists at the
orthopedic clinic. The physiotherapists trained together at
several meetings held before the start of the study and during each semester of the data collection period to improve
the reliability of the measurements. Data were collected by
the same physiotherapist preoperatively and at postoperative
days 1–3 for 55 patients and by a different physiotherapist
for the remaining 26 patients, of which 12 patients belonged
to the nontourniquet group and 14 to the tourniquet group.
By self-report, it was determined that the blinding of the
physiotherapists who collected the data was preserved for
all but 2 patients.
Active flexion and active extension of the knee were
measured with a standard plastic goniometer with a scale
marked in 1° increments and 30-cm arms with the patient
lying supine on a gurney. The absolute intra- and interrater reliabilities, assessed as the standard deviation of
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Non-tourniquet group,
n = 43

flexion-of-the-knee measurements, have been shown to be
4.0° and 5.9°, respectively [24].
The Timed up and go (TUG) test was used to assess basic
mobility [25, 26]. It is a timed test in which the patient is
instructed to safely get up from a chair, walk 3 m, turn, walk
back, and sit down again. If a walking aid is usually used, it
is used during the test.
The visual analog scale (VAS) was used to assess pain
before surgery and after 24 ± 2 h, 72 ± 2 h, and 3 months
[27]. The patient answered the question “How painful is
your leg?” using a 0–100 mm VAS. The question was asked
prior to rehabilitation training, while the patient was at rest
and the use of any additional analgesia was noted.
Knee circumference was measured to assess swelling.
This value was measured with a tape measure at the superior border of the patella with the patient lying supine [28].
SLR was used to test quadriceps function. The patient
was asked to perform an SLR to 45° flexion in the hip while
lying supine with the other leg in flexion and the foot on the
base of support. Performance was assessed as able/not able.
After the 3-month control period, the research physiotherapist examined the patients’ medical records to collect data
on Hb-level, length of stay (LOS) and complications such
as deep vein thrombosis and wound infections.
All the participants gave their written consent and were
recruited in agreement with the Helsinki Declaration. The
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study was approved by the Regional Ethical Review Board
in Stockholm (reference number 2011/1625-31/1 and
2014/1528-32).

Statistical analysis
A power calculation was performed for our primary outcome
measure, flexion of the knee, at day 3 post-surgery, and the
minimum sample size required was 37 patients in each group
to detect a group difference of 10° (estimated as a clinically
significant difference) with a power of 80% in a 2-tailed
independent t test with an alpha level of 0.05. The standard
deviation (SD), ± 15°, that was used in the calculation was
the pooled SD of the 2 groups in another study [13].
The analyses were performed according to the modified intention-to-treat principle as exclusions were made
after randomization, and there were losses to follow-up at
3 months [29]. Hb level and LOS were post hoc analyses.
Analysis of covariance (ANCOVA) was used to analyze
possible between-group effects on the continuous outcome
measures. The postintervention values of the outcome measures were entered as dependent variables. The selection of
independent variables as possible confounding factors for
adjustment of the ANCOVA was based on 3 criteria [30].
1) The predetermined independent variables were surgeon
and the preintervention value of the dependent variable
(except in the analysis of LOS). Three of the surgeons performed ≤ 3 operations and were, therefore, pooled together.
2) The variables in Table 1 that showed a between-group
difference preintervention (p < 0.05), i.e., use of a walking
aid. 3) The variables in Table 1 for which the preintervention measure value correlated with any of the preplanned
continuous outcome measure values postintervention with
a strength of r > 0.3 (Pearson correlation coefficient), i.e.,
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age and extension of the knee. The exception was outcome
measures for which the preintervention value only correlated
with the corresponding postintervention value.
The dispersion in the tourniquet group differed from the
dispersion in the nontourniquet group in the analysis of
TUG test and extension of the knee at 3 months, Levine’s
test p < 0.05. Therefore, the Mann–Whitney U test was also
performed for the continuous outcome measures, with the
difference between pre- and postintervention as the dependent variable.
Dichotomous outcome measures were analyzed with the
Chi-square test or Fisher’s exact test.
All statistical tests were performed in SPSS version 23
(IBM Corp., Armonk, NY, USA). The alpha level was set
to 0.05.

Results
ANCOVA results revealed no between-group effects regarding flexion of the knee at day 3, or at any other time point
(Tables 2, 3). As measured by the VAS, there was a betweengroup effect for pain at 24 h, with the nontourniquet group
experiencing increased pain, mean difference 16.6 mm and
p = 0.005 (Table 2). In addition, there was no difference
between the nontourniquet group and tourniquet groups
regarding additional analgesia consumption at day 1 (28%
vs. 24% [n.s]). Mobility at 3 months was better in the nontourniquet group, as shown by a shorter TUG test time, mean
difference − 1.1 s and p = 0.027 (Table 3). The 2 betweengroup effects that were significant in the ANCOVA were also
significant according to the Mann–Whitney U test. There
was no effect for LOS (mean difference 0.2 days [n.s]).

Table 2  Results at day 1 and day 3
Outcome measure
Flexion of the knee (°)a, c
Extension of the knee (°)a, c
Knee circumference (cm)a, c
VAS at 24 h (mm)a
VAS at 72 h (mm)a, c
Able to perform straight leg raise,
n (%)b, c
Hb level at day 1 (g/l)a, d
Hb level at day 3 (g/l)a, d

Non-tourniquet group (n = 43)

Tourniquet group (n = 38)

Mean difference

p value

73.1 (69.9–76.2)
13.9 (12.4–15.4)
46.3 (45.8–46.8)
44.4 (35.8–53.0)
28.5 (20.4–36.6)
13 (30)

69.9 (66.1–73.7)
14.6 (12.8–16.4)
46.8 (46.2–47.4)
27.9 (17.3–38.4)
24.4 (14.4–34.2)
19 (50)

3.2 (− 1.0 to 7.4)
− 0.7 (− 2.6 to 1.3)
− 0.5 (− 1.1 to 0.2)
16.6 (5.2 to 27.9)
4.1 (− 6.5 to 14.8)

n.s.
n.s.
n.s.
0.005
n.s.
n.s.

117.6 (114.5–120.6)
110.5 (106.9–114.1)

120.2 (116.4–123.9)
110.1 (105.6–114.6)

− 2.6 (− 6.6 to 1.5)
0.4 (− 4.4 to 5.3)

n.s.
n.s.

a

ANCOVA results are displayed as the mean (95% CI) adjusted for age, extension of the knee, pre-intervention value for the dependent variable,
surgeon, and use of a walking aid

b
c
d

Result of Chi-square test
Measured at day 3
Post hoc analysis
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Table 3  Results at 3 months
Outcome measure

Non-tourniquet group (n = 40)

Tourniquet group (n = 37)

Mean difference

p value

Flexion of the knee (°)a
Extension of the knee (°)a
Knee circumference (cm)a
VAS (mm)a
Able to perform straight leg
raise, n (%)b
TUG test (s)a

109.4 (105.3–113.5)
5.6 (3.8–7.4)
44.7 (44.2–45.2)
4.7 (0.6–8.8)
35 (88)

107.1 (102.2–112.0)
5.9 (3.8–8.1)
44.6 (44.0–45.2)
2.9 (− 2.0–7.8)
37 (100)

2.3 (− 3.0 to 7.5)
− 0.3 (− 2.6 to 2.0)
0.09 (− 0.6 to 0.7)
1.8 (− 3.4 to 7.0)

n.s.
n.s.
n.s.
n.s.
n.s.

− 1.1 (− 2.1 to − 0.1)

0.027

10.1 (9.3–10.9)

11.2 (10.3–12.2)

a

ANCOVA results are displayed as the mean (95% CI) adjusted for age, extension of the knee, pre-intervention value for the dependent variable,
surgeon, and use of a walking aid

b

Result of Fisher’s exact test

Regarding complications, in the nontourniquet group,
1 patient required a blood transfusion postsurgery, and 1
patient suffered from a urinary tract infection. In the tourniquet group, 4 patients required a blood transfusion postsurgery, 1 patient suffered from a superficial wound infection, 1 patient suffered from a deep wound infection, and 1
patient was bleeding during the surgery despite tourniquet
use (690 ml).

Discussion
The most important finding of this study was that tourniquet
use had a small overall effect on the rehabilitation results
and no effect on flexion of the knee. Additionally, the results
were discrepant such that surgery without a tourniquet was
associated with more pain at 24 h but slightly better mobility
(TUG test) at 3 months when compared with surgery with
a tourniquet.
Three TKA studies, 1 by Tai et al. [20], 1 by Hasanain
et al. [21] and 1 by Harsten et al. [31], agree with our findings, as these studies reported that tourniquet use, or different duration of tourniquet use, had either a small or no
overall rehabilitation effect. However, the results of the latter
study are difficult to interpret because of possible underpowering and because the patients were not blinded [31].
Other studies have reported a better effect on either ROM
[15] or 2 or more rehabilitation-related outcome measures,
including ROM, pain, SLR, swelling, and ADL function,
when a tourniquet is either not used or is used for only a
short period [10–14, 16–19]. In these other studies, a greater
ROM (6°–14°) was reported in the first days postsurgery;
however, for the subacute phase, the results were conflicting [10–18].
As opposed to the findings of this study, the vast majority
of other studies have reported less pain in the first days after
surgery when a tourniquet is either not used or used for only
a short period [10–12, 16–21, 32].
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In this study, when patients underwent surgery without
a tourniquet, they exhibited a 10% improvement in mobility (TUG test) at 3 months. This finding agrees somewhat
with other studies in strength and self-rated function at
1.5–3 months when a tourniquet was either not used or
used for a short duration [2, 11, 17], but studies with deviating results exist [14, 18]. The magnitude of the mobility
improvements in this study does not quite reach a clinically
relevant level; for that level, an improvement of at least 1.3 s
should be needed [33–35].
There are methodological differences between this study
and other studies of tourniquet use in TKA. First, of the 5
other studies that included more than 1 surgeon, possible
between-surgeon bias was only briefly considered in the
studies by Tai et al. and Li et al., in which it was stated that
the surgeons had similar levels of experience [12, 13, 15, 16,
20]. We considered this issue during inclusion of surgeons
and by stratifying the group allocation by surgeon. In addition, our statistical analyses were adjusted for possible differences between surgeons. In TKA, the surgeons’ experience
and operating frequency have been associated with patients’
early recovery and revision rate, respectively [36, 37]. Second, in three of the other studies, one of the few participating
surgeons was also a member of the research team [10, 12,
32]. Third, in the other studies featuring a between-subject
design, the statistical analyses were not adjusted for possible
confounding factors [10–13, 15, 16, 18, 20, 30, 31]. Fourth,
in 7 of the other studies, blinding of the patients or the data
collectors was either not applied or not stated [11, 14, 15,
17, 18, 31, 32].
One possible explanation for the discrepant results in
our study is that surgery with and without a tourniquet may
cause complications via 2 different mechanisms that last
for different durations. Tourniquet use can inflict long-term
neuromuscular damage, which may be caused by ischemia,
biomechanical factors, and reactive reperfusion [2, 4–6, 8,
38], which can explain the improved mobility at 3 months
in the nontourniquet group. The short-term increase in pain
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in the nontourniquet group is difficult to explain because
pain has often been associated with tourniquet use. However,
there may be other explanations; as in two studies in which
the relationships between tourniquet use, tissue damage,
and pain were studied in detail, the results were found to be
contradictory [20, 39]. Most importantly, these studies were
consistent in that pain was not associated with tissue damage. In one of these two studies, the group that underwent
surgery with a tourniquet exhibited decreased markers for
inflammation and muscle injury but showed a small increase
in pain nonetheless [20]. In the other study, the ischemic
response underneath the tourniquet was correlated to tissue
damage but not to pain [39].
The more pain exhibited by the nontourniquet group
was only evident for a short period, and even though the
improved mobility in this group persisted for a longer
period, it was not at a clinically relevant level. Hence, no
clear benefit can be seen for either the use of tourniquet or
no use of it when performing TKA surgery.
There were some limitations to this study. Six patients
were excluded after randomization because organizational
reasons required randomization to be performed before eligibility based on medical reasons for exclusion could be
confirmed. However, the treatment effects should not be
biased by these exclusions, as this exclusion criterion was
preplanned and was unrelated to treatment compliance or
loss to follow-up [40]. Additionally, the exclusions were
made before the group allocation was revealed to the independent operating surgeons responsible for exclusion. Furthermore, tranexamic acid was administered at different time
points for the two groups. Previous studies have shown that
preoperative administration of tranexamic acid, as was the
case for the nontourniquet group in this study, rather than
intraoperative administration results in a reduction in bleeding [41, 42]. Hence, the results of this study may be biased in
favor of surgery without a tourniquet, due to the occurrence
of less bleeding. In addition, SLR suffers from roof effects,
and the use of it may have obscured differences in quadriceps function. Finally, when generalizing the results from
this study, the narrow inclusion criteria must be considered.
These criteria were applied to reduce random variation and,
ultimately, the risk of type 2 errors.

Conclusions
The hypothesis of this study that the rehabilitation-related
results would be improved without a tourniquet is not supported by the results. When the results in this study for TKA
surgery performed with and without tourniquet are weighed
against each other, no clear benefit for either of these procedures can be seen.

1041
Acknowledgements We thank Fredrik Granström and Mattias Andersson for advice on statistical analyses, Lars Raxell for contributing to
the study design and Fredrik Edlund for carefully reviewing the manuscript. We also want to thank the physiotherapists at the orthopedic
clinic for performing the data collections.
Author contributions Ma was involved in the study design, data acquisition, statistical analysis, interpretation and drafting of the manuscript.
EYW was involved in the study design, interpretation and critical revision of the manuscript. SE was involved in the study design, statistical analysis, interpretation, and drafting and finalization of the manuscript. All authors read and approved the final manuscript.
Funding This study was not externally funded.

Compliance with ethical standards
Conflict of interest All authors declare that they have no conflict of
interest.
Ethical approval All the participants gave their written consent and
were recruited in agreement with the Helsinki Declaration. The study
was approved by the Regional Ethical Review Board in Stockholm
(reference number 2011/1625-31/1 and 2014/1528-32).
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
1. The Swedish Knee Arthroplasty Register. Annual report 2012.
http://www.myknee.se
2. Dennis DA, Kittelson AJ, Yang CC, Miner TM, Kim RH, StevensLapsley JE (2016) Does tourniquet use in TKA affect recovery of
lower extremity strength and function? A randomized trial. Clin
Orthop Relat Res 474:69–77
3. Guler O, Mahirogullari M, Isyar M, Piskin A, Yalcin S, Mutlu
S et al (2016) Comparison of quadriceps muscle volume after
unilateral total knee arthroplasty with and without tourniquet use.
Knee Surg Sports Traumatol Arthrosc 24:2595–2605
4. Horlocker TT, Hebl JR, Gali B, Jankowski CJ, Burkle CM, Berry
DJ et al (2006) Anesthetic, patient, and surgical risk factors for
neurologic complications after prolonged total tourniquet time
during total knee arthroplasty. Anesth Analg 102:950–955
5. Jacob AK, Mantilla CB, Sviggum HP, Schroeder DR, Pagnano
MW, Hebl JR (2011) Perioperative nerve injury after total knee
arthroplasty: regional anesthesia risk during a 20-year cohort
study. Anesthesiology 114:311–317
6. Jawhar A, Hermanns S, Ponelies N, Obertacke U, Roehl H (2016)
Tourniquet-induced ischaemia during total knee arthroplasty
results in higher proteolytic activities within vastus medialis cells:
a randomized clinical trial. Knee Surg Sports Traumatol Arthrosc
24:3313–3321
7. Olivecrona C, Blomfeldt R, Ponzer S, Stanford BR, Nilsson BY
(2013) Tourniquet cuff pressure and nerve injury in knee arthroplasty in a bloodless field: a neurophysiological study. Acta
Orthop 84:159–164

13

1042
8. Pedowitz RA (1991) Tourniquet-induced neuromuscular injury.
A recent review of rabbit and clinical experiments. Acta Orthop
Scand Suppl 245:1–33
9. Alcelik I, Pollock RD, Sukeik M, Bettany-Saltikov J, Armstrong
PM, Fismer P (2012) A comparison of outcomes with and without a tourniquet in total knee arthroplasty: a systematic review
and meta-analysis of randomized controlled trials. J Arthroplasty
27:331–340
10. Abdel-Salam A, Eyres KS (1995) Effects of tourniquet during
total knee arthroplasty. A prospective randomised study. J Bone
Jt Surg Br 77:250–253
11. Ejaz A, Laursen AC, Kappel A, Laursen MB, Jakobsen T, Rasmussen S et al (2014) Faster recovery without the use of a tourniquet in total knee arthroplasty. Acta Orthop 85:422–426
12. Ledin H, Aspenberg P, Good L (2012) Tourniquet use in total knee
replacement does not improve fixation, but appears to reduce final
range of motion. Acta Orthop 83:499–503
13. Li B, Wen Y, Wu H, Qian Q, Lin X, Zhao H (2009) The effect of
tourniquet use on hidden blood loss in total knee arthroplasty. Int
Orthop 33:1263–1268
14. Vaishya R, Agarwal AK, Vijay V, Tiwari MK (2018) Short term
outcomes of long duration versus short duration tourniquet in primary total knee arthroplasty: a randomized controlled trial. J Clin
Orthop Trauma 9:46–50
15. Wakankar HM, Nicholl JE, Koka R, D’Arcy JC (1999) The tourniquet in total knee arthroplasty. A prospective, randomised study.
J Bone Jt Surg Br 81:30–33
16. Vandenbussche E, Duranthon LD, Couturier M, Pidhorz L,
Augereau B (2002) The effect of tourniquet use in total knee
arthroplasty. Int Orthop 26:306–309
17. Wang K, Ni S, Li Z, Zhong Q, Li R, Li H et al (2017) The effects
of tourniquet use in total knee arthroplasty: a randomized, controlled trial. Knee Surg Sports Traumatol Arthrosc 25:2849–2857
18. Zhou K, Ling T, Wang H, Zhou Z, Shen B, Yang J et al (2017)
Influence of tourniquet use in primary total knee arthroplasty with
drainage: a prospective randomised controlled trial. J Orthop Surg
Res 12:172
19. Liu PL, Li DQ, Zhang YK, Lu QS, Ma L, Bao XZ et al (2017)
Effects of unilateral tourniquet used in patients undergoing simultaneous bilateral total knee arthroplasty. Orthop Surg 9:180–185
20. Tai TW, Chang CW, Lai KA, Lin CJ, Yang CY (2012) Effects of
tourniquet use on blood loss and soft-tissue damage in total knee
arthroplasty: a randomized controlled trial. J Bone Jt Surg Am
94:2209–2215
21. Hasanain MS, Apostu D, Alrefaee A, Tarabichi S (2018) Comparing the effect of tourniquet vs tourniquet-less in simultaneous
bilateral total knee arthroplasties. J Arthroplasty 33:2119–2124
22. Ro DH, Han HS, Lee DY, Kim SH, Kwak YH, Lee MC (2018)
Slow gait speed after bilateral total knee arthroplasty is associated
with suboptimal improvement of knee biomechanics. Knee Surg
Sports Traumatol Arthrosc 26:1671–1680
23. Zhang Y, Li D, Liu P, Wang X, Li M (2017) Effects of different
methods of using pneumatic tourniquet in patients undergoing
total knee arthroplasty: a randomized control trial. Ir J Med Sci
186:953–959
24. Boone DC, Azen SP, Lin CM, Spence C, Baron C, Lee L
(1978) Reliability of goniometric measurements. Phys Ther
58:1355–1360
25. Podsiadlo D, Richardson S (1991) The timed “Up & Go”: a test
of basic functional mobility for frail elderly persons. J Am Geriatr
Soc 39:142–148

13

Knee Surgery, Sports Traumatology, Arthroscopy (2019) 27:1035–1042
26. Rydwik E, Bergland A, Forsén L, Frändin K (2011) Psychometrik
properties of timed up and go in elderly people: a systematic
review. Phys Occup Therapy Geriatr 29:102–125
27. Williamson A, Hoggart B (2005) Pain: a review of three commonly used pain rating scales. J Clin Nurs 14:798–804
28. te Slaa A, Mulder P, Dolmans D, Castenmiller P, Ho G, van der
Laan L (2011) Reliability and reproducibility of a clinical application of a simple technique for repeated circumferential leg measurements. Phlebology 26:14–19
29. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC,
Devereaux PJ et al (2010) CONSORT 2010 explanation and
elaboration: updated guidelines for reporting parallel group randomised trials. BMJ 340:c869
30. Pocock SJ, Assmann SE, Enos LE, Kasten LE (2002) Subgroup
analysis, covariate adjustment and baseline comparisons in
clinical trial reporting: current practice and problems. Stat Med
21:2917–2930
31. Harsten A, Bandholm T, Kehlet H, Toksvig-Larsen S (2015) Tourniquet versus no tourniquet on knee-extension strength early after
fast-track total knee arthroplasty; a randomized controlled trial.
Knee 22:126–130
32. Kumar N, Yadav C, Singh S, Kumar A, Vaithlingam A, Yadav S
(2015) Evaluation of pain in bilateral total knee replacement with
and without tourniquet; a prospective randomized control trial. J
Clin Orthop Trauma 6:85–88
33. Gautschi OP, Stienen MN, Corniola MV, Joswig H, Schaller K,
Hildebrandt G et al (2017) Assessment of the minimum clinically
important difference in the timed up and go test after surgery for
lumbar degenerative disc disease. Neurosurgery 80:380–385
34. Tubach F, Ravaud P, Baron G, Falissard B, Logeart I, Bellamy N
et al (2005) Evaluation of clinically relevant changes in patient
reported outcomes in knee and hip osteoarthritis: the minimal
clinically important improvement. Ann Rheum Dis 64:29–33
35. Wright AA, Cook CE, Baxter GD, Dockerty JD, Abbott JH (2011)
A comparison of 3 methodological approaches to defining major
clinically important improvement of 4 performance measures
in patients with hip osteoarthritis. J Orthop Sports Phys Ther
41:319–327
36. Hoogeboom TJ, van Meeteren NL, Schank K, Kim RH, Miner
T, Stevens-Lapsley JE (2015) Risk factors for delayed inpatient
functional recovery after total knee arthroplasty. Biomed Res Int
2015:167643
37. Liddle AD, Pandit H, Judge A, Murray DW (2016) Effect of surgical caseload on revision rate following total and unicompartmental
knee replacement. J Bone Jt Surg Am 98:1–8
38. Cheng YJ, Chien CT, Chen CF (2003) Oxidative stress in bilateral
total knee replacement, under ischaemic tourniquet. J Bone Jt Surg
Br 85:679–682
39. Rasmussen LE, Holm HA, Kristensen PW, Kjaersgaard-Andersen
P (2018) Tourniquet time in total knee arthroplasty. Knee
25:306–313
40. Fergusson D, Aaron SD, Guyatt G, Hebert P (2002) Post-randomisation exclusions: the intention to treat principle and excluding
patients from analysis. BMJ 325:652–654
41. Imai N, Dohmae Y, Suda K, Miyasaka D, Ito T, Endo N (2012)
Tranexamic acid for reduction of blood loss during total hip
arthroplasty. J Arthroplasty 27:1838–1843
42. Sun Q, Yu X, Nie X, Gong J, Cai M (2017) The efficacy comparison of tranexamic acid for reducing blood loss in total knee
arthroplasty at different dosage time. J Arthroplasty 32:33–36

