
a dry clean bone surface for optimal cement inter-digitation. 
Known disadvantages of tourniquet use include ischaemia to the 
quadriceps muscle5), wound complications6), neurovascular in-
jury7-9), swelling and bruising10), hidden blood loss5), deep venous 
thrombosis and difficulty with patella tracking assessment11) and 
the need for lateral release12). Less common complications in-
clude rhabdomyolysis13,14), and cardio-respiratory effects resulting 
from free radical release and reperfusion injuries10). In particular, 
tourniquet use is known to be detrimental to skeletal muscle cell 
viability15). Electromyography (EMG) changes have been dem-
onstrated in the quadriceps muscle following knee surgery with 
a tourniquet16) and this may affect post-operative recovery and 
rehabilitation.

Previous studies on tourniquet use in TKA have reported con-
flicting conclusions. Currently, it remains individual surgeon’s 
preference whether or not to use a tourniquet. Long-term con-
sequence of the tourniquet in TKA on quadriceps strength and 
quality of the bone prosthetic cement interface is not well known. 
One potential downside of not using a tourniquet is compromise 
of cement technique, leading to earlier loosening.

We undertook this study to analyse the effect of the tourniquet 
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introduction

Recent emphasis in total knee arthroplasty (TKA) has focused 
on post-operative pain control and minimising soft tissue trauma 
during surgery1,2), in an attempt to accelerate recovery, return to 
function, and reduce hospital stay3). Traditionally, a thigh tour-
niquet is used to prevent intra-operative bleeding and improve 
surgical field visualisation and ease of surgery4). A tourniquet is 
believed to decrease operative time and blood loss, and provide 
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on recovery following TKA. Our hypothesis is the use of a tour-
niquet delays recovery because of increased pain, swelling and 
impaired quadriceps function but improves the quality of the ce-
ment interface.

materials and methods

We prospectively randomised twenty patients with osteoarthri-
tis undergoing TKA to either the tourniquet or no tourniquet 
group. Patients with symptomatic peripheral vascular disease 
or contra-indication to tourniquet use were excluded. The con-
solidated standards of reporting trials flow chart is shown in Fig. 
1. Institutional Ethics approval was gained prior to study com-
mencement and all patients gave informed consent.

The patients were blinded to group allocation. Randomisation 
was performed using Excel’s random number generator and a 
random numbers table once the patient was anaesthetised and 
prepared for commencement of surgery.

All patients underwent TKA by the senior surgeon (Liu) using 
a standardised technique and prosthesis. All patients received a 
general anaesthetic without regional blocks or local anaesthesia, 
in an effort to minimise confounding variables that may influ-
ence pain scores. A medial parapatellar approach was used with 
eversion of the patella. A cemented fixed bearing posterior cruci-
ate-retaining prosthesis was inserted in all patients with resurfac-

ing of the patella. A manual cementing technique was used in all 
patients. Great lengths were taken to clean the bony surfaces with 
pulsatile lavage and pressurise the cement using a combination 
of digital pressure and a flat osteotome. An intra-articular drain 
on low suction was inserted prior to wound closure and removed 
day one post-operatively. All patients received patient controlled 
analgesia with morphine sulphate for the first 24 hours. The pa-
tients were mobilised day one post-operatively and discharged 
home when mobilising safely. The same standardised physio-
therapy protocol was undertaken in all patients post-operatively. 
Active and passive range of motion was encouraged without the 
use of continuous passive motion.

An above knee tourniquet (width 10.5 cm, length 65.5 cm; 
VBM Medizintechnik GmbH, Sulz, Germany) was placed on all 
patients during the surgery. If allocated to the tourniquet group, 
the tourniquet was inflated to 300 mmHg just prior to initial skin 
incision. This was the standard pressure used at our institution at 
the time. The tourniquet was deflated following wound closure 
and application of dressings.

The primary outcome variable was pain during the initial post-
operative period measured by the visual analogue pain score. 
Both the patients and nurses who collected the pain scores were 
blinded to the patients’ group. A score from one to ten was re-
corded 4 times daily up to discharge and averaged for each day. 
Pain scores were recorded at 600, 1,200, 1,800, and 2,200 with the 

Fig. 1. Consolidated standards of reporting 
trials (consort) flow diagram for the study.

Enrollment Assessed for eligibility (n=137)

Excluded (n=117)
Not meeting inclusion criteria (n=0)
Declined to participate (n=117)
Other reasons (n=0)

Randomized (n=20)

Allocation

Allocated to no-tourniquet group (n=10)
Received allocated intervention (n=10)
Did not receive allocated intervention (n=0)

Allocated to tourniquet group (n=10)
Received allocated intervention (n=10)
Did not receive allocated intervention (n=0)

Follow-up

Analysis

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysed (n=10)
Excluded from analysis (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysed (n=10)
Excluded from analysis (n=0)
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patient at rest. These times coincided with the timing of routine 
panadol administration by the nurses.

Secondary outcome measures included post-operative drainage, 
transfusion requirements, thigh and knee swelling, morphine re-
quirements, days to discharge, range of motion and Oxford knee 
score. Thigh and knee swelling was recorded using tape measure 
at the midpoint of the patella and 10 cm above the superior pole 
of the patella. We measured quadriceps function in all the pa-
tients during active knee extension against gravity using surface 
EMG. Surface EMG data was recorded (Pocket EMG; BTS S.p.A., 
Milano, Italy) for each participant on the day of surgery pre-
operatively, and at 6 weeks, 6 and 12 months post-operatively. 
The vastus medialis, rectus femoris and vastus lateralis muscles 
for both the treated and control knee were recorded. Surface 
EMG electrodes (3M red dot; 3M Australia, Sydney, Australia) 
were placed on the skin surface of the muscles. Signal integrity 
was checked prior to the participant performing ten active knee 
extensions against gravity with a three second hold with their leg 
in full extension. The data was downloaded and analysed (Myolab, 
BTS S.p.A.) by rectifying the surface EMG signals and taking the 
mean of each of the signals. 

Statistical analysis for both parametric and nonparametric data, 
where the two factors compared were with and without the use 
of a tourniquet, was performed using a two way analysis of vari-

ance (ANOVA; SPSS ver. 13.0 [SPSS Inc., Chicago, IL, USA]). A 
p-value of 0.05 was taken to be statistically significant.

Anteroposterior and lateral radiographs for each patient were 
taken at 12 months post-operatively. The digital radiographs were 
taken under fluoroscopic control to ensure parallelism with the 
prosthetic-bone interface. The digital radiographs were assessed 
for cement mantle thickness and radiolucency using the Knee 
Society radiographic zones by a blinded observer. 

results

The patient demographics are outlined in Table 1, with no sig-
nificant difference between the two groups. The average tourni-
quet time was 83 minutes (range, 67 to 100 minutes). The mean 
operative time was 13 minutes longer in the no tourniquet group. 
There were no complications related to not using a tourniquet, 
such as inadvertent injury to soft tissue structures.

The patients without tourniquet inflation during TKA had 
less pain as measured by the visual analogue pain score. Fig. 2 
displays the average pain scores for the first five days for the two 
groups. The difference in pain scores between the tourniquet and 
no tourniquet groups was statistically significant on days 2 and 4 
(p=0.02). 

Three patients in the tourniquet group required a blood trans-
fusion whereas none in the no tourniquet group did (p=0.05). All 
other clinical outcome measures were not significantly different 
as shown in Table 2. There was a trend towards a shorter hospital 
stay in the no tourniquet group but this did not reach statistical 

Table 1. Patient Demographics for the Tourniquet and No Tourniquet 
Groups

Parameter Tourniquet No tourniquet p-value 

Age (yr) 67.0 70.0 0.530

Gender (M:F) 7:3 9:1 0.290

Weight (kg) 75.3 84.9 0.067

Height (cm) 171.6 177.0 0.170

Degree of coronal deformity (o) 7.2 6.0 0.500

Preoperative range of flexion (o) 107.1 111.0 0.430
Fig. 2. Average pain scores for the first 5 days post-operatively in the 
tourniquet and no tourniquet groups. 
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Table 2. Inpatient Outcomes for the Tourniquet and No Tourniquet Patient Groups

Parameter Tourniquet No tourniquet p-value 

Total drainage post-operatively (mL) 457.1 436.2 0.670

Transfusion requirements 3 patients 0 patients 0.050

Morphine equivalents using patient controlled analgesia (mL) 870 914 0.815

Days to discharge 7.3 5.3 0.230
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Fig. 3. Thigh circumference comparison between the tourniquet and no 
tourniquet groups. Preop: preoperative.
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Fig. 4. Knee circumferences for the tourniquet and no tourniquet 
groups.
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Fig. 5. Surface electromyography (EMG) in the tourniquet (T) and no 
tourniquet (NT) groups. T1 represents the pre-operative measurements, 
with T2, T3 and T4 measurements are at the 6 week, 6 month and 2 
month follow-up periods. VAM, VAL and RF stand for vastus medialis, 
vastus lateralis and rectus femoris respectively. VAM: vastus medialis, 
VAL: vastus lateralis, RF: rectus femoris.
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Fig. 6. Femoral cement penetration in Knee Society radiographic zone.
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Fig. 7. Tibial cement penetration in Knee Society anteroposterior radio-
graphic zones. 
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Fig. 8. Tibial cement penetration in Knee Society mediolateral radio-
graphic zones. 
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significance. Oxford knee scores and range of motion were not 
significantly different between the tourniquet and no tourniquet 
groups at all follow-up points up to 12 months. Thigh and knee 
circumference measurements are shown in Figs. 3 and 4, respec-
tively. 

The tourniquet group showed significantly less muscle activ-
ity as measured by surface EMG than the no tourniquet group, 
as shown in Fig. 5. However, from 6 months post-operatively, 
the energy output achieved was similar between the two groups. 
Quadriceps EMG function returned to equivalency with the 
non-operative leg and between the tourniquet and no tourniquet 
patients by 12 months post-operatively.

At twelve months post-operatively, digital radiographs showed 
no significant difference in cement mantle thickness or the pres-
ence of radiolucency at the bone-prosthetic interface between the 
tourniquet and no tourniquet groups. This held true for all zones 
of the femur and tibia as shown in Figs. 6−8. 

discussion

Previous studies specifically comparing tourniquet use with no 
tourniquet in TKA have reported mixed conclusions17,18). Abdel-
Salam and Eyres12) found less pain, earlier straight-leg raise and 
knee flexion, less wound infections and deep venous thromboses 
without a tourniquet. In contrast, Wakankar et al.19) observed no 
real difference and concluded the use of a tourniquet was safe. 
Vandenbussche et al.9) found only very small benefits of not using 
a tourniquet in terms of pain and knee flexion in the early post-
operative period. Ledin et al.20) found significantly less pain and 
11 degrees more flexion at 2 years in the no tourniquet group. 
More recently Tai et al.21) demonstrated the tourniquet was ben-
eficial in reducing blood loss, postoperative inflammation and 
muscle damage as measured by C-reactive protein and creatine 
phosphokinase levels. No previous studies have assessed the ef-
fect of tourniquet use on the bone-cement interface or long-term 
outcome.

Our study showed the use of a tourniquet does have a det-
rimental effect on the quadriceps muscle and patient’s recov-
ery following TKA. Pain scores were higher in the tourniquet 
group and reached statistical significance for days 2 and 4 post-
operatively. The tourniquet, therefore, appears to be a significant 
source of post-operative pain. We found no difference in post-
operative blood drainage, Oxford knee score or range of motion. 
Three patients in the tourniquet group required a transfusion, 
compared to none in the no tourniquet group. We acknowledge 
many patient factors determine transfusion need but were unable 

to analyse for this. Whilst the tourniquet controls intra-operative 
blood loss, it does not stop post-operative blood loss or reduce 
overall blood loss.

We also demonstrated the use of a tourniquet results in signifi-
cant reduction in quadriceps function. Using surface EMG mea-
surements, the patients without a tourniquet had superior quad-
riceps energy output. The difference in quadriceps function took 
between 6 to 12 months to return to equivalent levels compared 
to the patients’ contra-lateral control leg. Our initial hypothesis 
was the quadriceps muscle would be permanently damaged by 
tourniquet-induced ischemia, leading to long-term atrophy and 
weakness but this was not shown in our study. The quadriceps 
muscle appeared to recover and return to normal between 6 to 12 
months post-operatively.

The only demonstrable detrimental effect of not using a tourni-
quet in our study was an increased operative time of 13 minutes. 
Not using a tourniquet does impede the bloodless surgical field 
and requires more meticulous haemostasis during exposure and 
soft tissue release. However, there were no complications directly 
related to not using the tourniquet in our study. In particular, 
none of our patients sustained inadvertent soft tissue injury or 
damage. Another postulated risk associated with not using a 
tourniquet is the bone bed may have blood, debris and fat on its 
surface, compromising cementation. A significant finding of our 
study was no difference between the tourniquet and no tourni-
quet groups with regard to cement interface quality or incidence 
of bone-cement radiolucency in any of the Knee Society score ra-
diographic zones for the femur or tibia at 12 months. We specifi-
cally analysed the prosthesis cement bone interface using fluoro-
scopically guided radiographs and a blinded observer. We believe 
cement mantle quality is a function more of cementing technique 
rather than use of a tourniquet. Cleaning the bone surfaces using 
pulsatile lavage and pressurising the cement into the bone are 
more important determinants of cement interface quality. Not 
using a tourniquet does not appear to compromise the bone ce-
ment interface and therefore we believe should have no effect on 
long-term outcome or fixation.

A weakness of our study is the small number of patients. Power 
calculation with 10 patients in each group was 65%, raising the 
risk of type II statistical errors. The lower power of the study, 
we believe, may be one of the reasons why the pain scores were 
not significantly different on all of the post-operative days and 
why hospital stay was not significantly shorter. Calculation prior 
to study commencement postulated 30 patients per group is 
required to give a power of 95%. However, following study com-
mencement, patient recruitment was difficult as potential pa-
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tients were informed they would not receive any form of regional 
or local anaesthesia. Many patients elected not to be involved in 
the study for fear of significant initial post-operative pain. We 
elected not to use any form of regional anaesthesia in our study 
that may confound pain scores or EMG results. Following a 
prolonged recruitment period, analysis of the available results al-
ready revealed differences in EMG readings and no difference in 
radiographic analysis and hence patient recruitment was ceased. 
Despite the low numbers, we still feel the findings of our study 
are relevant and valid. The strengths of our study include that it 
is a randomised controlled trial of a non-selected study popula-
tion with few exclusion criteria. We used several highly objective 
outcome measures such as quadriceps EMG activity and radio-
graphic cement interface quality.

Recently some surgeons advocate using lower tourniquet pres-
sures to reduce the risk of post-operative pain and complications. 
Setting the tourniquet cuff pressure on the basis of systolic blood 
pressure plus a margin of 100 mmHg has been reported to re-
duce cuff pressure and early post-operative pain22). Olivecrona 
et al.23) in a randomised study demonstrated the limb-occlusion-
pressure method reduces the tourniquet cuff pressure used with-
out compromising the quality of the bloodless field. No advan-
tage was found with the lower cuff pressure with regards to post-
operative pain, knee range of motion or complications. However, 
an important finding was patients with a cuff pressure less than 
225 mmHg had no post-operative infections and a lower rate of 
wound complications.

Another strategy is to reduce the tourniquet time by deflat-
ing the tourniquet prior to wound closure or to limit tourniquet 
use to specific steps of the procedure such as during cementa-
tion. The study by Tarwala et al.24) compared tourniquet use for 
cementation only versus the entire operation. They found no 
important clinical differences between the two groups and their 
preference is to limit use of the tourniquet to the cementation 
portion of the procedure. We acknowledge the detrimental effect 
of the tourniquet is time-dependent25) and our tourniquet infla-
tion time was quite long at 83 minutes. Future research into opti-
mal cuff pressure and tourniquet times will be necessary to deter-
mine the ideal patient individualised strategy for tourniquet use 
in TKA. One disadvantage common to all tourniquet strategies 
is in some patients the tourniquet may be difficult to effectively 
apply. The fit of the cuff to the limb, tightness of cuff application, 
and properties of the patient’s soft tissues all affect how well the 
tourniquet will function. By not using a tourniquet altogether 
this variable is removed.

conclusions

With the number available, our study suggests tourniquet use 
in TKA results in higher pain scores in the initial post-operative 
period and a reduction in quadriceps function for the first 6 
months post-operatively. Use of a tourniquet had no effect on 
the prosthetic cement interface at 12 months post-operatively. 
We believe not using a tourniquet in TKA may be advantageous 
to the patient’s recovery, without any obvious detrimental effect. 
Further studies are required to clarify the ideal strategy for tour-
niquet use in TKA.
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