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 esis"at"a"glance

Paper"I
Hypothesis: Absence of a tourniquet during TKA improves 
functional outcomes and rehabilitation by reducing post-
operative pain and improving early knee range of motion 
(ROM).
Design: 70 patients undergoing TKA surgery were rand-
omized into a tourniquet group (n=35) and a non-tourniquet 
group (n=35). Primary outcomes investigated were function-
al and clinical outcomes, as evaluated by the Knee Injury and 
Osteoarthritis Outcome Score (KOOS), and knee ROM. 
Results: TKA surgery without a tourniquet results in better 
functional outcomes and improved knee ROM in the early 
period of rehabilitation. 

Paper"II
Hypothesis: Tourniquet use induces ischemia during TKA 
surgery and reperfusion.
Design: MiD catheters were inserted in the gastrocnemius 
muscle of both legs, operated leg and non-operated leg. In-
terstitial dialysate was collected before and during surgery 
and at 20 min intervals during a 5 hour reperfusion period. 
Main variables were metabolites serving as indicators of tis-
sue ischemia.
Results: Using tourniquet is associated with increased 
ischemia and cell damage, during the #rst postoperative 
hours. !e changes are reversed a$er 5 hours.

Paper"III"
Hypothesis:"Absence of a tourniquet does not negatively af-
fect the quality of cement-tibial component #xation.
Design: During surgery all patients had tantalum beads 
inserted into the proximal tibial bone. Using model-based 
RSA, the migration of the tibial component was analyzed. 
!e follow-up period was 2 years. 
Results: !e tibial component was well #xated and no dif-
ference in migration between the two groups was detected 
a$er 2 years, indicating that stable #xation can be achieved 
without use of a tourniquet.

 esis"at"a"glance
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BMD Bone mineral density

CN Condition number

CPK Creatine phosphokinase 

KF Knee &exion

KOOS Knee Injury and Osteoarthritis Outcome Score

MERBF Mean error of rigid body #tting 

MTPM Maximum total point motion

MiD  Microdialysis 

Non-Tq"group Non tourniquet group

ROM Range of motion 

RSA Radio stereometric analysis

Tq"group Tourniquet group

TKA Total knee arthroplasty

VAS Visual analog scale

WOMAC Western Ontario and McMaster Universities Arthritis Index 

Abbreviations

Abbreviations:"
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Pneumatic tourniquets are widely used in orthopedic ex-
tremity surgery. Especially in TKA they have an established 
place, ensuring surgical overview in a bloodless #eld and de-
creasing bleeding. Despite knowing that tourniquet causes 
ischemia and so$ tissue damage surgeons still carry on us-
ing them and are o$en not conscious of the exact extent of 
ischemia and damage tourniquets can in&ict. One of the 
main reasons for using a tourniquet in TKA is theoretical 
i.e., assuming that the quality of cementation is enhanced, 
thereby improving implant #xation. 
Studies using RSA have shown early tibial migration is as-
sociated with increased risk of short- and long-term revision. 
Due to the special loading kinematics of the tibial compo-
nent in the TKA procedure, good cementation is of vital im-
portance, and it is of great concern to surgeons if this is not 
achieved, especially if a tourniquet has not been used.
!e advantages should always be balanced against the risks 
involved in tourniquet use. !e advantages have been con-
sidered to include absence of intraoperative bleeding, better 
surgical overview and concurrently a reduction of surgical 
time and better cementation of the components. !e disad-
vantages include nerve palsy, vascular and skeletal tissue in-
juries, severe thigh pain and swelling, and diminished range 
of motion. Cases of impaired cardio-respiratory function, 
pulmonary thromboembolism and rhabdomyolysis induced 
by tourniquet use have all been reported. Due to hypoxia and 
impaired postoperative tissue perfusion, wound healing dis-
orders and early infections have been attributed to the use of 
a tourniquet. 
!e aim of this study was to investigate in a randomized con-
trolled setup, in which patients were allocated to a tourniquet 
group and a non-tourniquet group, whether the absence of a 
tourniquet during cemented TKA would a*ect:
 
1. !e clinical outcomes regarding rehabilitation (KOOS)  
 and knee range of motion 
2. !e ischemic conditions in so$ tissue 
3. Implant #xation

Study"I investigated the e*ects of tourniquet use with regard 
to functional and clinical outcome, evaluated with the use of 
the Knee Injury and Osteoarthritis Outcome Score (KOOS) 
and knee range of motion. Secondary outcomes were as-
sessed regarding as perioperative features, postoperative pain 
and analgesic consumption. In patients in whom a tourni-
quet was not used, functional outcomes, range of motion and 
pain, were clearly better in the initial stage and during the 
#rst 6 months. Furthermore, no di*erence in surgical time 
or surgical visibility was found. Patients operated without a 
tourniquet had less pain and analgesic consumption postop-
eratively.

Study" II investigated tourniquet-induced ischemia using 
the technique of microdialysis (MiD). It seems apparent that 
mechanical compression of the thigh muscle induces local 
ischemia, whereas very little is known about ischemic chang-
es distal to the cu*. Ischemic metabolites were investigated 
by placing a microdialysis catheter in the calf muscle of the 
operated leg and the non-operated leg in both randomization 
groups. Before surgery and during a reperfusion period of 5 
hours, markers of ischemia and cell damage, pyruvate, glu-
cose, lactate and glycerol, were collected and analyzed.
Microdialysis showed that a tourniquet causes signi#cant 
ischemia and that markers are a*ected until 3 hours a$er cu* 
removal.
Study" III investigated the #xation of the tibial component 
using RSA, which allows in vivo 3-D migration measure-
ments of the implant. Migration was compared between the 
two groups using the maximum total point motion (MTPM) 
as primary outcome. Secondary RSA outcome was expressed 
as translation and rotation along and around the x, y z axes.
A$er 2 years, no di*erence could be determined between the 
two groups in total migration (MTPM) and single direction 
with regard to translation and rotation. All implants inserted 
without a tourniquet were stable.

!is PhD thesis demonstrates that not using a tourniquet 
during TKA facilitates initial rehabilitation in terms of better 
clinical outcomes and reduced ischemic conditions without 
compromising durable implant #xation or the quality of ce-
mentation. !ese results warrant further trials investigating 
ischemic conditions and implant #xation.  

Summary"in"English

Summary"in"English
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Pneumatisk blodtomhedsmanchet (tourniquet) er hyppigt 
anvendt ved ortopñdkirurgiske indgreb. I sñrdeleshed anv-
endes manchetten ved elektiv total knñ alloplastik (TKA), 
hvor den medvirker til at skabe bedre kirurgisk overblik i et 
blodtomt felt og mindsker blùdningen. Velvidende at tour-
niquet medfùrer iskñmi og vñvsskade bruges den fortsat 
af kirurger, uden det nùjagtige omfang af iskñmi graden og 
vñvsskade kendes. 
En af hoved/rsagerne til brug af tourniquet vedrùrer kval-
iteten af cementering og knogle-cement bindingen, i det 
blùdning kan forringe protesens #ksering.   
Det er i studier fastsl/et, at tidlig migration af tibia kom-
ponenten er associeret med ùget risiko for tidlig revision. 
Grundet tibia komponentens specielle belastningskin-
ematik, er bekymringen ved TKA operationer stor, hvis en 
tilfredsstillende cementering ikke opn/s grundet fravñr 
af tourniquet.    Fordelene ved tourniquet brug skal altid 
opvejes i forhold til ulemperne og inkluderer mindre blùdn-
ing under operationen, bedre oversigt i feltet og dermed 
mindskes operationstiden. Ulemper er kar- og nervebeska-
digelse, vñvsskade, smerter og hñvelse i l/rbensmuskulatur, 
nedsat bevñgeudslag af knñet. Ydermere er der beskrevet 
svñre hjertelunge komplikationer, blodpropper og rhab-
domyolyse grundet brug af tourniquet. Grundet hypoxi og 
nedsat vñvsperfusion som skyldes manchetten, er der be-
skrevet d/rlig s/rheling og ùget infektionsrisiko.  
Form/let var at undersùge, i et randomiseret studie, om 
fravñret af tourniquet ville p/virke

1. Kliniske outcomes vedrùrende rehabilitering (KOOS)  
 og bevñgeudslag af knñet (ROM)
2. De iskñmiske forhold i skelet muskulatur 
 under og e$er operation
3. Protese#kseringen

Studie" I undersùger tourniquetÂs e*ekt p/ funktionelle og 
kliniske outcome, evalueret med Knee Injury and Osteoar-
thritis Outcomes Score (KOOS) samt bevñgeudslag af knñet. 
Sekundñre outcomes blev undersùgt i form af peroperative 
data, postoperativ smerte og analgetika forbrug. 
Funktionelle outcomes samt bevñgeudslag var bedre i den 
tidlige rehabiliteringsfase ved fravñret af tourniquet og op til 
6 m/neder, hvore$er forskellen var udlignet. Der var ingen 
forskel i operationsvarighed og patienter opereret uden tour-
niquet, havde mindre smerter og mindre brug af analgetika 
og samtidig ingen behov for postoperative blodtransfusioner.  
Studie" II undersùger de iskñmiske forhold p/fùrt af tour-
niquet ved brugen af microdialyse (MiD). Den mekaniske 
kompression af l/rbenet synes tydelig, men meget lidt vides 
om de iskñmiske forhold distalt i ekstremiteten. Iskñmiske 
metabolitter blev undersùgt ved at isñtte et MiD kateter 

i hver lñgmuskel, af henholdsvis det opererede ben og det 
ikke-opererede, hos begge randomiseringsgrupper. Prñ- og 
postoperativt blev der opsamlet prùver. I lùbet af reperfusion-
sperioden p/ 5 timer blev der analyseret p/ pyruvat, glukose, 
laktat og glycerol. Microdialyse p/viste, at tourniquet med-
fùrer en betydelig, men reversibel iskñmi med metabolitter, 
der er p/virket op til 3 timer e$er operationen.      
Studie"III"undersùger #kseringen af tibia komponenten ved 
brug af RSA, der muliggùr 3D m/linger af protesemigration. 
Migrationen mellem de to grupper blev undersùgt ved hjñlp 
af maximum total point motion (MTPM) som primñr ef-
fektm/l. Sekundñre e*ektm/l blev udtrykt som translation 
og rotation, hvv. langs- og rundt om x-, y- og z-aksen.
E$er to /r er der ingen forskel i migration mellem de to grup-
per i hverken MTPM eller translationer<rotationer. Alle pro-
teser isat uden brug af tourniquet er stabile. 
Denne PhD p/viser at fravñret af tourniquet faciliterer en 
tidligere rehabilitering i form af bedre tidlige kliniske out-
comes, nedsat iskñmisk p/virkning af muskulatur og sam-
tidig kompromitteres cementeringen ikke og en god pro-
tese#ksering kan opn/s. Yderligere studier p/krñves, til at 
undersùge de iskñmiske forhold samt protese#kseringen.

Summary"in"Danish""

Summary"in"Danish""
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TKA is a successful procedure that provides substantial im-
provement in functional status and pain relief. A total of 8194 
TKAs were performed in 2012 in Denmark, 90> of these 
were cemented and more than 90> of the procedures in-
volved tourniquet use 2. Even with this success, aseptic loos-
ening continues to be a concern. !is emphasizes the need 
for a thorough investigation that sheds light on the question 
of whether a tourniquet still has a role in modern knee re-
placements.
Tourniquet application is widely used in extremity surgery to 
create a bloodless #eld and thereby improve surgical visibili-
ty. !e decision to use a tourniquet should be based on sever-
al factors, including considerations of the technical demands 
of the procedure, the location and duration of the procedure 
and the estimated blood loss. One of the main reasons for the 
continuing use of a tourniquet in TKA is that, theoretically, 
better cementation and adherence between the bone-cement 
interface are obtained, and this enables a superior implant 
#xation3. A reduced intraoperative blood loss is also among 
the supposed bene#ts. With reduced bleeding, the surgical 
overview is enhanced, enabling a more convenient operation 
procedure for the surgeon. !ese factors may reduce surgical 
time4.
Disadvantages include a number of risks, including nerve 
palsy, so$ tissue damage to the muscle, postoperative sti*-
ness and swelling due to the compartment syndrome. Cardi-
orespiratory function can be impaired during in&ation and 
de&ation, which can lead to cardiac arrest. Early infections 
and wound healing disorders due to reduced postoperative 
tissue perfusion have also been registered 1.5,6.
!e characterization of tourniquet-induced ischemia in TKA 
in vivo has not been investigated before, and therefore very 
little is known about the metabolic changes during and a$er 
surgery. 
Two studies have been published that investigated implant 
#xation when a tourniquet was not used in TKA surgery, 
both used marker-based RSA7,8.
To our knowledge this PhD thesis is the #rst to use microdi-
alysis to investigate ischemia and model-based RSA to evalu-
ate implant migration and #xation in relation to tourniquet 
use.

Aim
!e aim of this thesis was to investigate the value of tourni-
quet use on early rehabilitation, the extent of ischemia and on 
implant #xation. Furthermore, the perioperative measure-
ments were assessed to evaluate potential di'culties encoun-
tered when performing TKA surgery without tourniquet use. 
All patients were followed on an out-patient basis for 2 years 
to monitor the recovery phase.  
All the studies were based on in vivo measurements in pa-

tients that were randomized into two groups, a control group 
and an intervention group.
All perioperative data were recorded to evaluate di*erences 
between the two groups, with special emphasis on clini-
cal and functional outcomes like pain and range of motion 
(study I). During surgery, all patients had microdialysis 
(MiD) catheters inserted into the gastrocnemius muscles of 
both  legs to characterize the ischemic and metabolic changes 
taking place during  surgery (study II). 
Model-based radiostereometric analysis (RSA) was used 
to evaluate the possible migration of the tibial component 
(study III). 

Hypotheses
Study"I
Absence of a tourniquet during TKA improves functional 
outcomes and rehabilitation by reducing postoperative pain 
and improving early knee range of motion (ROM).

Study"II"
Tourniquet use induces ischemia during TKA surgery and 
reperfusion.

Study"III
Absence of a tourniquet does not negatively a*ect the quality 
of cement - tibial component #xation. 

Introduction

Introduction
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Tourniquet use and application ± an overview

Historical"perspective"
!e roots of modern pneumatic tourniquet use can be traced 
back to the early Roman days (199 BCE ±500 CE). In 1718, 
the French surgeon Jean Louis Petit invented a screw device 
that could occlude blood &ow and called it a tourniquet, de-
rived from the French ªtourner,º meaning to turn.  
Joseph Lister is credited as being the #rst to use a tourniquet 
to create a bloodless surgical #eld in 1864, and he also rec-
ommended exsanguination of the limb by elevation before 
application of the tourniquet.
Friedrich von Esmarch developed a rubber bandage in 1873 
that would control both bleeding and exsanguination. !is 
device is known as Esmarch?s bandage for surgical hemos-
tasis or Eshmarch?s Tourniquet. At that time, this device was 
superior to Petit?s device as there were no screws to loosen or 
cloth to tear. 
In 1904, Harvey Cushing developed the #rst pneumatic tour-
niquet. !is type of tourniquet compressed the underlying 
blood vessels using a compressed gas source to in&ate a cy-
lindrical bladder. !is was superior to the Esmarch tourni-
quet in two ways: (1) the tourniquet could be applied and re-
moved quickly and (2) it reduced the risk of nerve paralysis9.
Nowadays the pneumatic tourniquet is widely used in ex-
tremity surgery. Gas is used to in&ate the cu* to constrict 
blood &ow. Regulating devices on the tourniquet apparatus 
can be preset to control the amount of cu* pressure exerted 
on the limb.

Appliance"and"Design:"
!e choice of a tourniquet cu* should be individualized, tak-
ing into consideration the size and shape of the patient?s limb 
and the speci#c demands of the operative procedure. Before 
applying a tourniquet, information about the patient should 
be obtained regarding coexisting medical conditions, such as 
cardio-respiratory diseases or peripheral vascular diseases. 
Such conditions may increase tourniquet-related complica-
tions and represent a relative contraindication. 
Prior to in&ation, the limb is generally exsanguinated. !e 
following median percentages in reduction of blood volumes 
have been presented 10: when the lower limb is elevated for 5 
seconds, a reduction of 44> occurs, 15 seconds 45>, 30 sec-
onds 46>, 60 seconds 46> and 4 minutes 42>. !is indicates 
that a short elevation is su'cient before cu* in&ation.   
!e pressure beneath the cu* varies widely compared to the 
pressure in the cu* itself. Tissue pressure decreases progres-
sively from the cu*Âs center to the edges, with a 90> decrease. 
Pressures are also di*erent from surface to deeper tissue lay-
ers, but only with a 2> di*erence. !e inverse relationship 
between limb occlusion pressure and the ratio of cu* width 

to limb circumference is illustrated in #gure 1.11 
Figure 1 shows that a narrow cu* requires a higher pressure 
to occlude blood &ow. A higher pressure gradient is associ-
ated with an increased risk of neurological injury 12. 
For the same limb circumference, a wider cu* requires a low-
er pressure to stop blood &ow. Additionally, if a contoured 
tourniquet is used instead of a cylindrical with the same 
width, a lower in&ation pressure can be used to stop blood 
&ow (#g. 2)13.  
!ese factors may lead to an awareness of how important a 
correct cu* #t is, so an e'cient transmission of pressure to 
the underlying tissue is possible. In fact, this has led to the 
development and increasing use of wide, variable-contour 
cu*s that adapt to a wide range of limb shapes. !ese cu*s 
stop blood &ow at even lower pressures compared to cylin-
drical cu*s.

Background

Background

Tourniquet dating c.1830

Modern pneumatic tourniquet
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Background

Fig."1
Limb occlusion pressure vs the ratio of 
tourniquet width to limb circumference. 
For any given limb circumference, the tour-
niquet pressure required to stop arterial 
blood &ow decreases inversely as the width 
of cu* increases.  

Occlusion"Pressure:
Limb occlusion pressure (LOP) is de#ned as the minimum 
pressure required to stop the arterial blood &ow in a limb 
distal to the cu*. To ensure a minimum risk of nerve damage, 
the tourniquet pressure should be set on the basis of the low-
est occlusion pressure.  LOP is determined by slowly increas-
ing tourniquet pressure until distal blood &ow is stopped, for 
instance con#rmed by Doppler signal elimination.
!e tourniquet pressure should be determined by patient?s 
blood pressure and the size and shape of the extremity. Coni-
cal curved cu*s that #t the extremity are ideal, since they re-
quire less occlusion pressure than straight rectangular ones 14.
Several variables accounts for LOP such as systolic blood 
pressure, cu* design, application method, thigh shape and 
circumference. Final cu* pressure is typically set a$er LOP 
is determined by adding an additional safety pressure to ac-
count for physiologic variations and changes that may occur 

during surgery.
Earlier recommendations of adding 50-75 mmHg and 100-
150 mmHg to systolic blood pressure for upper and lower 
limb surgery, respectively, may not be an ideal way to deter-
mine cu* pressure. O$en the pressure is too high and may 
cause so$ tissue and nerve damage. In a 2009 guideline, Rec-
ommended Practices for the Use of Pneumatic Tourniquet 
by the US Association of Registered Perioperative Nurses15  
it was suggested that tourniquet pressure be set by limb oc-
clusion pressure and a margin of 40 mmHg for patients with 
a systolic blood pressure Q130 mmHg, 60mmHg for those 
of 131-190mmHg and 80 mmHg for those of  X 190mmHg.

Fig."2
!e relationship between pulse elimination 
pressure and thigh circumference for four 
cu* widths. Dashed lines represent a best-
#t linear regression corresponding to each 
width.
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Background

Duration"of"tourniquet"application
Complications due to tourniquet use increase as tourniquet 
time increases. A 2-hour tourniquet period is considered 
relatively safe for upper limb surgery 16, 17. Serum creatine 
phosphokinase (CPK) is elevated in response to muscle dam-
age and has been used as a marker of safe application times 
18. In canine studies there is no CPK elevation a$er 1 hour, 
but there was an elevation a$er 2-3 hours application 19, 20. 
!ese #ndings are consistent with what Zstman et al. (2004) 
found using microdialysis in a clinical setting to characterize 
metabolites in skeletal muscle subjected to ischemia during 
arthroscopic ligament reconstruction. !e ischemic changes 
were restored a$er 2 hours of tourniquet de&ation. 
One method to ªprepareº the skeletal muscle is precondi-
tioning, whereby the muscle is subjected to a short time of 
ischemia followed by reperfusion before the longer periods 
of ischemia. In this way a replenishment of energy is allowed, 
and at the same time the elimination of toxic metabolites is 
facilitated. !e method has successfully been used in cardiac 
surgery to protect the myocardium 22. 

Tourniquet"de#ation
A$er the tourniquet is de&ated and removed, monitoring of 
the patient is necessary because several complications can 
occur. Pulmonary embolism, due to deep vein thrombosis, 
can occur suddenly a$er release of tourniquet pressure, but 
the tourniquet may not be the sole cause. In hip and knee 
surgery, intramedullary bone preparation and cementation 
are other risk factors that may lead to embolism.
Another phenomena occurring a$er cu* de&ation is ªmy-
onephropathic metabolic syndromeº, where the return of 
toxic metabolites creates a systemic metabolic dysfunction. 
!is is characterized by metabolic acidosis, hyperkalemia, 
myoglobinemia, myoglobinuria, and renal failure 23. Hyper-
kalemia because of elevated interstitial potassium due to loss 
of ion gradients across the cell membrane of ischemic myo-
cytes creates potassium leakage. Concurrently rhabdomyoly-
sis may release myoglobin and intracellular enzymes (CPK, 
lactic acid and glutamic-oxaloacetic transaminase).  
Cu* release prior to wound closure in TKA is associated with 
greater bleeding and transfusion requirements, and it is sug-
gested that cu* release be done a$er wound closure, a*ord-
ing a more controllable bleeding 24. 

Tourniquet-related"complications
Complications include thigh pain, nerve palsy, ischemia, so$ 
tissue damage, thromboembolic complications, poor wound 
healing and patella maltracking 5, 25, 27, 28. Although rare, rhab-
domyolysis and subcutaneous fat necrosis have been report-
ed 29, 30. Severe conditions such as altered cardio respiratory 
status may also be associated with tourniquet use 6, 26.
In TKA surgery, recovery may be delayed due to reduced 
muscle strength, reduced knee range of motion (ROM) and 
increased pain 31. When patients are discharged from acute 

care, these outcome measurements are o$en used as a bench-
mark of how successful initial total knee replacement has 
been.
Other studies have shown increased pain and impaired knee 
range of motion up to 1 year a$er surgery in which a tour-
niquet was used 1,7. Several randomized controlled trails and 
meta-analyses dealing with adverse e*ects of tourniquet use 
in TKA have been published, but disagreement regarding 
tourniquet use still remains 5, 28.
!e kinetics of ischemic metabolites during periods of 
ischemia and reperfusion remains uncertain. !e e*ect of 
tourniquet pressure combined with ischemia has been inves-
tigated, and this combination in&icts a more profound dam-
age to the skeletal muscle than ischemia alone 32. 
!e skeletal muscle in limbs is very sensitive to ischemic 
changes, and a clinical assessment is not su'cient 33, 34.

Implant"$xation
Total knee arthroplasty (TKA) has become a well-established 
operative treatment of degenerative knee conditions. !e 
results of TKA have improved in the last decades. Reported 
survival rates of TKA have reached 95> at 10 years. !ese 
results have been achieved by improved surgical techniques 
as well as the development of implant designs 2 (#g. 3). 
Cementing technique is one of the factors that play an im-
portant role in this aspect. !e technique of cementation in 
TKA has evolved over the last decade, including pulse lavage 
followed by suction of the bony cut surfaces and pressuriza-
tion.  
Early and long-term aseptic loosening remains a major cause 
of failure in TKA and composes 30> of the reasons for re-
vision 2 (#g. 4). Attention has been focused on debris wear, 
alignment, tibial bone quality and activity level. !erefore, 
good #xation of the tibial component is a prerequisite to 
achieving long-term survival of the implant 35. 
!e diminished bleeding should in combination with the 
careful pulse lavage provide a deeper cement penetration 
and better bone-cement bond. !is seems to be one of the 
predominant reasons for the continuing use of a tourniquet. 
Although many studies have been performed to settle the 
question of whether or not to use a tourniquet, they prima-
rily focused on clinical outcomes such as operation time, in-
traoperative bleeding, pain and knee &exion 1, 26, 38. Systematic 
reviews and meta-analysis dealing with the problems of tour-
niquet use in TKA have not reached a de#nitive consensus, 
but encourage that implant #xation should be investigated 
further 5, 6, 28.   
Two studies registered whether loosening, estimated by plain 
radiographs, had taken place when a tourniquet was not 
used. 1, 38. 
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To avoid waiting for long-term follow-up with plain radio-
graphs, roentgen stereo metric analysis (RSA) can be per-
formed to evaluate early migration with high accuracy 35, 39. 
An early migration of the implant is associated with a later 
loosening 35, 40.
To our knowledge, thorough implant #xation evaluated by 
RSA has only been carried out in two recent RCT studies, 
both using marker-based RSA 7, 8. !ey supported each oth-
er?s #ndings and show that absence of tourniquet did not af-
fect the quality of #xation in cemented TKA. 

Fig."3"Implant survival a$er TKA surgery.

Background

Fig."4"Major reasons for revision.
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Current"status"of"tourniquet"use"in"knee"surgery
A total of 8194 TKAs were performed in 2012 in Denmark 
and tourniquet was used in 90> of the cases when perform-
ing cemented TKA surgery 2. 
In a meta-analysis and systematic review concerning tour-
niquet application in TKA several outcomes such as total 
blood loss, intraoperative blood loss, need for transfusion, 
operation time, range of motion and complications were in-
vestigated 6. It showed that use of a tourniquet reduced intra-
operative blood loss but did not in&uence total blood loss or 
need for transfusions. Furthermore there was no di*erence 
in surgical time and but increased complications in terms of 
nerve palsy, DVT and wound healing disorders when a tour-
niquet was used. !ese #ndings were further supported by a 
meta-analysis by Tai 2011 28.
Another systematic review and meta-analysis assessing tour-
niquet use in TKA found that intraoperative blood loss was 
decreased when using tourniquet but without a*ecting surgi-
cal time 6. !e total blood loss in this study was greater when 
not using a tourniquet but postoperative bleeding as judged 
by drain volumes showed no di*erence. !e complication 
rate was increased when using a tourniquet.        
Knee &exion was reported to be better initially when not 
using a tourniquet, this could be caused by less mechanical 
compression of the so$ tissue of the thigh. Long-term &exion 
showed no di*erence.

In arthroscopic surgery tourniquet use has also been inves-
tigated. In a RCT by Johnson et al. (2000) the e*ects of tour-
niquet use was investigated in 109 patients undergoing knee 
arthroscopy with or without tourniquet use. No signi#cant 
di*erence was found between the two groups with respect 
to operation time or visibility, postoperative pain score, an-
algesic use and complications. It was advocated that knee 
arthroscopy could adequately be done without tourniquet 
application in order to avoid known risks 71.
Kirkly et al. (2000) investigated 120 knee arthroscopy pa-
tients in a RCT and found no di*erence in functional out-
come measured with WOMAC and operation time. How-
ever increased pain was registered when using tourniquet 
for more than 30 minutes and decreased isokinetic strength 
testing. It was concluded that tourniquet could be used if not 
exceeding 30 minutes of operation time 72. 
!is was supported by Tsarouhas et al. (2012) that suggested 
knee arthroscopy with tourniquet application was safe if kept 
less than 30 minutes. No di*erence was found in operation 
time, postoperative pain score and knee ROM 41. 
 In comparison with TKA, arthroscopic surgery is less in-
vasive and together with o$en shorter operation time and 
younger patient groups, tourniquet use seem more tolerable. 

A recent RCT study revealed that limited use of a tourniquet 
in TKA was preferable during the cementation phase only 73. 
Furthermore, no di*erence in surgical time or blood loss was 

found, and it was concluded that only applying a tourniquet 
during the cementation phase was a safe method. !e RCT 
performed by Kvederas et al. (2013) also suggested limited use 
of a tourniquet during cementation74.  
Although several random control trails and meta-analyses 
dealing with adverse e*ects of tourniquet use in TKA have 
been published, disagreement regarding tourniquet use still 
remains 5, 6, 28.   
In conclusion, performing TKA without a tourniquet may be 
safe and potential complications can be avoided. At the same 
time, early mobilization is obtained and eliminating tour-
niquet use might be a part of fast track surgery to facilitate 
recovery 42.

Background
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!e questions concerning tourniquet use in this thesis arose 
from clinical practice.
We intended the results to be transferable to clinical practice, 
and therefore all measurements were conducted in vivo in a 
standardized way close to the everyday surgical procedures.
A total of 70 primary TKA were included in the prospec-
tive randomized clinical trial and performed between Janu-
ary 2011 and January 2012. Approval from the local Ethics 
Committee (approval no. N-20090045) and registration at 
ClinicalTrials.gov (NCT01309035) were obtained. All pa-
tients gave written consent and were enrolled in this study 
in accordance with the Consolidated Standards of Reporting 
Trials (CONSORT) and !e Helsinki Declaration.

Patients
Patients aged 50±85 were included if elective unilateral TKA 
because of gonarthrosis stage 3±5 according to Ahlb[ck 
(1968) was required 43. All patients were without other severe 
disease and classi#ed according to the American Society of 
Anesthesiologists ASA 1-2. 
Exclusion criteria included rheumatoid arthritis, peripheral 
vascular disease, diabetes, prior major knee surgery, BMI \ 
35 and use of anticoagulation medicine.
Patients were comparable regarding demographics. !ey 
were allocated into two groups: surgery using a tourniquet 
and surgery without the use of a tourniquet. 
Patients were block randomized using sealed envelopes. In 
the operating theater before surgery, the envelope was opened 
when the surgeon was present. Patients were unaware of the 
group to which they were allocated. 

Limitations  
Patients assessed in this study were selected if inclusion crite-
ria were met, thereby excluding patients with severe diseases 
(ASA 3-4) and peripheral vascular diseases. !us patients in-
cluded were, except for their degenerative knee conditions, 
healthy subjects. Non-use of a tourniquet in patients with 
impaired cardio-respiratory circulation or using anticoagu-
lation medicine could result in di'culties in the handling of 
bleeding during surgery. All patients included were eligible 
to receive tranexamic acid, which o$en may be contraindi-
cated in some patient group. Excessive bleeding may hinder 
the bone-cement bond and thereby result in a compromised 
implant #xation and furthermore compromise surgical vis-
ibility.  
One experienced surgeon performed all the TKA procedures, 
decreasing the inter-surgeon variability but at the same time 
limiting the external validity.   

Functional"and"clinical"outcomes
Primary outcomes
To evaluate clinical outcomes, !e Knee injury and Osteoar-
thritis Outcome Score (KOOS) was used 57. !is a validated 
knee-speci#c self-administered questionnaire with 42-item 
assessing pain (9 items), symptoms (7 items), activities of 
daily living (ADL, 17 items), sports and recreation function 
(5 items) and knee-related quality of life (]OL, 4 items) in 
#ve separate subscales. Each item is responded to by marking 
one of #ve response options on a Likert scale. A score from 0 
(extreme problems) to 100 (no problems at all) is calculated 
separately for each subscale.
KOOS was developed for younger and more active people 
with knee injury and osteoarthritis, but has been found to 
be a useful, valid and reliable instrument in assessment of 
outcomes in elderly patients with advanced osteoarthritis 58.    
Knee range of motion (ROM) is an important measurement 
of TKA surgery that determines how successful the operation 
was. Knee ROM was measured by extension and &exion with 
a goniometer 2 weeks preoperatively as a baseline, postop-
eratively on day 2 and during follow-up (8 weeks, 6 months 
and 12 months). 

Secondary outcomes:
Pain was assessed using a VAS score with no distinction be-
tween thigh pain and knee pain. ^ero was no pain and 10 
was worst imaginable pain. Pain was registered at rest, just 
prior to surgery and postoperatively at 2,4,6,8 and 10 hours 
on the day of surgery (day 0). !e following days, pain was 
evaluated during rest and a$er walking 20 meters. Analgesic 
consumption was expressed as a mean morphine equivalent 
during hospitalization, and the consumption was standard-
ized using 10 mg of morphine as reference analgesic dose.
Surgical data were recorded regarding blood loss, measured 
by totaling &uid volume in suction bottles and the weight of 
operation swabs. !e hospital?s transfusion policy was fol-
lowed regarding transfusion needs, and patients were trans-
fused postoperatively if the hemoglobin level was 4.5 mmol<l 
or lower. Surgical time and surgical visibility were registered 
by the surgeon using the scale in Table 2. 

Patients"and"Methodological"Considerations

Patients"and"Methodological"Considerations

No problems 1

Slight problems 2

Moderate problems 3

Severe problems 4

Extreme problems 5

Table 2. Surgical visibility.
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 e"Microdialysis"technique
Microdialysis is an in vivo sampling technique originally 
used in neurosurgical research 44, 45. MiD o*ers a unique 
technique that allows monitoring metabolic changes during 
ischemia and reperfusion in tissue. No studies regarding the 
tourniquet-induced ischemic changes during TKA have pre-
viously been published. We applied this method to investi-
gate the degree of tourniquet-induced ischemia, with special 
attention to the skeletal muscle.

 e"principle"of"microdialysis
!e basic idea is to mimic the passive function of a capillary 
blood vessel. A semipermeable tubular dialysis membrane is 
inserted into the tissue of interest. !e catheter is perfused 
with a solvent which equilibrates with the surrounding &uid 
outside the membrane by di*usion in both directions (Fig 5).
Because of ion gradients, low molecular weight compounds 
can di*use into and out of the probe lumen, whereas larger 
molecules such as proteins or molecules bound to protein 
cannot pass the membrane and are excluded. !e di*usion 
coe'cient of an analyte determines the migration of the so-
lution. !e solution leaving the probe, termed the dialysate, 
is collected for analysis. Samples obtained represent a local 
pro#le of the current metabolic status in the examined tissue. 
!e ratio between the concentration in the extracellular &uid 
and in the dialysate is de#ned as relative recovery and is in-
versely proportional to the recovery rate.                             

In vivo recovery depends on several factors like membrane 
length, &ow rate, blood &ow, speed of di*usion and physi-
ological processes. Recovery remains constant as long as the 
perfusion rate remains constant. In this study we were not 
interested in the exact recovery, but the changes over time 
between two groups. !e relative recovery was found su'-
cient, since at low perfusion rates recovery is close to 100> 
(#g. 6)46.

Microdialysis"system"and"application
!e MiD system consists of a catheter, a syringe-pump, sam-
pling vials and a dialysate analyzing system. We used a con-
centric tube, into which the perfusate solution is pumped 
through the inner tube to the catheter tip. !en transpor-
tation upwards occurs between the inner cannula and the 
membrane and reaches the actual site of dialysis. !e dia-
lysate is collected in microvials which can be inserted directly 
into the microdialysis analyzer, ISCUS. 
Although minimally invasive, inserting the catheter causes 
a very small local tissue lesion. !is may a*ect metabolites 
of interest, but this local in&ammation seems to normalize 
within 1 hour.         
Syringe pumps deliver an accurate perfusate using a constant 
&ow rate of 0.3_l<min

��

Patients"and"Methodological"Considerations

Fig."5"!e basic principle is to mimic the function of a capillary 
blood vessel by perfusing a thin dialysis tube implanted into the 
tissue with a physiological liquid. !e perfusate re&ects the com-
position of the extracellular &uid with time due to the di*usion of 
substances back and forth over the membrane.

Fig."6"Relative recovery is inversely related to perfusion &ow rate, ap-
proaching 100> as the &ow rate approaches zero. It decreases as the 
&ow rate increases. Absolute recovery is the total amount of substance 
collected from the probe during a given time. It is zero when the &ow is 
stopped and increases as the &ow increases.

Fig."7"!ird generation Microdialysis Analyzer, ISCUS analyzer 
with automatic calibration.



15

Patients"and"Methodological"Considerations

!e CMA ISCUS is a clinical chemistry analyzer that uses 
enzymatic reagents and calorimetric measurements (Fig. 7). 
!e reagents oxidize the substrates, and a formation of colo-
metric substance is created, which is measured photometri-
cally as a change of absorbance at 540 nm wavelength 
When analyzing glucose, lactate, pyruvate and glycerol, the 
substrate-speci#c reagent set was used (Reagent Set A, Solna 
Sweden).   
!e temperature in the operation room was set at 19 degrees 
Celsius at all times.

Microdialysis is an in vivo technique that has been used in 
several settings to evaluate the interstitial metabolism in dif-
ferent tissues. It represents an opportunity to observe liv-
ing tissue directly. !e microdialysis catheter consists of a 
double-lumen linear tube that at the tip has a semipermeable 
membrane, the tube mimics the functions of a capillary 
blood vessel. !e catheter is connected to a pump that, with 
a constant &ow, pumps the &uid so it can pass the membrane. 
In the interstitial space, di*usion along the concentration 
gradient and equilibrium takes place, between the &uid and 
molecules. !e molecules are collected in small vials that re-
&ect the composition of the extracellular &uid and can then 
be analyzed immediately. !e metabolites of interests have 
traditionally been pyruvate, glucose, lactate and glycerol. 
!e lactate<pyruvate ratio was calculated. It increases during 
ischemia and is a precise marker 75, 76.

In this study we used CMA 60 (CMA Microdialysis AB, Sol-
na, Sweden) catheters (length 30mm, outer diameter 0.6mm 
and molecular cut o* 20 kDa) in skeletal muscle of the lower 
extremity. In both groups 2-3 ml lidocaine was injected sub-
cutaneously in the gastrocnemius muscles (vastus medialis) 
then catheters were inserted parallel to the muscle #bers at an 
angle of 35`. !e correct position of the catheter was veri#ed 
by ultrasonography. In the non-operated leg (reference leg), 
a catheter serving as a control was inserted at the same level.   
Catheters were connected to a syringe #lled with 4 mL per-
fusion &uid T1 (CMA Microdialysis AB, Sweden)  placed in 
CMA 106 MD pumps, constantly perfused at a rate 0.3 _l<
min. A$erwards a period of 40 min of &ushing and stabiliza-
tion was allowed. 
!e ISCUS MD analyzer (CMA Microdialysis AB, Solna, 
Sweden) with Reagent Set A was used to analyze all the col-
lected MiD samples and this was done immediately a$er 
sampling. 

Microdialysis"considerations"and"limitations"
Microdialysates are very dilute solutions and are typically 
collected in small volumes. !is presents a considerable chal-
lenge as recovery is only relative, thus the necessity for cor-
rect calibration. 
!e perfusion &uid is continuously &owing through the probe 
and the concentration of the dialysate will not be in equilib-

rium with the concentration of the periprobe &uid. !us, the 
concentration of the analyte in the dialysate represents only 
a fraction of its actual concentration in the extracellular &uid 
which is examined 77, 78. !is limitation, however, does not 
constitute a major problem during this study because the aim 
is to detect alterations in ischemic markers over time and not 
estimate the precise level in the tissue. 
!e microdialysis technique contains a limit regarding the 
recovery of larger molecules since it depends of the molec-
ular cut-o* of the membrane, we did not investigate large 
molecules and the membrane used had a cut-o* at 20 kDa 
thereby not creating any di'culties in this study.
When inserting a MiD probe into the tissue, a small amount 
of tissue damage occurs that lasts up to few hours before nor-
mal baseline levels are restored 79, 80. Glycerol is a component 
of the cell plasma membrane and is released into the intersti-
tial space when tissue is damaged, for instance, during sur-
gery. But in addition, high levels of glycerol also may be due 
to the hormonal regulation of lipolysis and hypoglycemia 
during tourniquet use, and this facilitates a catecholamine re-
sponse that induces a lipolytic reaction in skeletal muscle 47.
Microdialysis also contains a limitation when estimating 
data because only approximations can be stated. Recovery is 
dependent on many factors that a*ect the equilibrium, but 
to achieve the best recovery, we used the largest membrane 
recommend for skeletal muscle and the lowest perfusion rate  
possible. Most of the clinical studies published use relative 
recovery 34, 21, 81.
!e MiD method must be highly sensitive in order to detect 
diluted levels of the chosen markers, especially the method 
should be capable of analyzing the markers in the small vol-
umes generated by the MiD technique. !e problem o$en 
develops when low perfusion rates are chosen in order to op-
timize recovery   of very small volume samples. On the other 
hand, high perfusion rates will produce more diluted samples 
that require even more sensitive analytical methods. Using a 
constant &ow rate of 0.3 _L<min a recovery of nearly 100> 
was reached. 

Advantages" Disadvantages

Collection of substance Low recovery                 
on the site of action

Continuous sampling Careful calibration 
 necessary as recovery 
 is relative

Minimal invasive Risk of tissue damage 

 Careful calibration
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RSA
Basic principles
RSA is a highly accurate method to measure micromotions 
of joint implants. It was introduced by Selvik and has been 
used in many di*erent clinical settings since the introduction 
of arthroplasties 48. 
Small biocompatible spherical tantalum beads serving as 
markers are inserted into the bone region of interest. !ese 
markers are projected in radiographs which, in combination 
with a calibration cage, de#ne a coordinate system that ena-
bles calculation of a 3-dimensional coordinate. A minimum of 
three non-linear coordinates is required to form a rigid body 
representing a segment, i.e. an implant or a bone. With this 
technique the migration between two rigid bodies can be de-
tected between two examinations. Migration represents grad-
ual motion over time and is the relative motion between two 
examinations performed at di*erent time points (Picture 2). 
  
In our study, 14±16 spherical tantalum beads of 1.0 mm were 
placed in the proximal tibia before inserting the implant. 
!ey were carefully scattered in all directions so that a suit-
able rigid body could be formed (picture 1). 

RSA examinations were all performed at Farsoe hospital 
where a RSA setup is available. Examinations performed 
were as follows:

· First postoperative day, used as reference examination
· 2 month follow-up examination
· 6 month follow-up examination
· 12 month follow-up examination and here double 
 examinations were performed with total repositioning 
 of the patient and the radiographic equipment
· 24 month follow-up examination

!e RSA setup was as recommended in Valstar et al. (2005) 
49, with two ceiling-#xed automatically synchronized roent-
gen tubes, which were angled 900 relative to each other (Pic-
ture 3). A biplanar calibration box (Lund Knee box, RSA 

Biomedical, Sweden) was placed in the midsection of the 
roentgen focus (picture 4).
All radiographs were fully digitalized. Precision was evalu-
ated at 1-year follow-up by double examinations, including 
total repositioning of the patient and the radiographic equip-
ment. All radiostereographs were analyzed using model-
based RSA so$ware (MBRSA v3.3.2, Medis Specials, Leiden, 
the Netherlands) (picture 2).

Patients"and"Methodological"Considerations

Picture 1. Securing a proper scattering of the tantalum mark-
ers in all directions, to create a 3-D rigid body. 

Picture 2. Model Based RSA: a model of the implant is matched on 
the radiostereometric picture of the patient?s implant. !e migration 
of the implant is determined in relation to tantalum bone markers 
which are placed in the bone during the operation. 
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RSA"body"con$guration"and"stability"
For accurate assessment of micromotion, it is crucial that 
con#guration of the rigid body is precise and stable. !is 
means that the tantalum markers should be well scattered in 
a non-linear fashion in all three dimension and a$erwards 
stay #xated in the same position.  
!e mean error of rigid body #tting (MERBF) indicates the 
stability of markers. !e mean condition number (CN) indi-
cates the distribution of bone markers and thereby the quality 
of the rigid body formed by the markers. A low CN indicates 
a high good distribution and good quality, and it is suggested 
by guidelines by Valstar et al. (2005)  that a CN lower than 
90±100 is appropriate and that MERBF be lower than 0.25.49  

RSA"parameters
!e main outcome measurement was based on maximum 
total point motion (MTPM), which represents the vector 
length of a marker in the rigid body that has the longest 
translational motion, not considering direction, and always 
has a positive value. In addition, translations and rotations 
were calculated accordingly to the standards suggested by 
Valstar et al. (2005) 49 as secondary RSA outcome variables. 
Rigid-body translations and rotations of the implant were 
calculated about a coordinate system centered at the center 
of the implant, and the axes were aligned with the anatomical 
directions. 
 Translations along the axes were given as x-translation (me-
dial-lateral movement), y-translations   (superior<li$-o* and 
inferior<subsidence movement) and z-translations (anterior 
and posterior movements). Rotations around the axes were 
expressed as x-rotation, y-rotation and z-rotation, which rep-
resent anterior-posterior tilt, internal-external rotation and 
varus-valgus tilt, respectively. 

Ryd et al. (1995)35 categorized implants movements to be sta-
ble if MTPM was Q 0.2 mm between 1 and 2 years or as being 
at risk of loosening if MTPM was X 0.2 mm. An accuracy 
of 0.2 mm for translation and 0.5 degrees for rotations were 
given by double-examinations. Other studies have reported 
accuracies that range from 0.05 to 0.5 mm for translation and 
0.15o to 1.15o for rotations 50,51.

RSA"considerations
One shortcoming of this study was the use of modelbased-
RSA from CAD models. !e precision relies on obtaining 
an exact contour detection of the tibial tray geometry. !e 
method has been proven to be a highly accurate method to 
evaluate #xation of tibial components 52,53. Other factors such 
as osteoporosis that can cause motion were not considered in 
the present study, but randomization should equalize these 
parameters. 
MTPM can easily be a*ected by movements from all direc-
tions, but it is appropriate for detecting di*erences between 
two similar groups. Translations and rotations are more pre-

cise variables of the rigid body?s center of gravity. !e MTPM 
reported in our study is close to the limit for acceptable mi-
gration. !is limit varies for implant types, because some 
have more migration than others 54.

Picture 3. !e Adora RSA setup: Adora RSA has two {-ray tubes 
along with two detectors plus a smaller size detector.

Picture 4. Positioning the knee in the center of the two 
roentgen foci.    
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Surgical"technique
All procedures were standardized with regards to adminis-
tration of preoperative tranexamic acid, spinal anesthesia, 
postoperative pain treatment and rehabilitation. 
Before surgery, tranexamic acid (1 g) was administered oral-
ly, and immediately prior to skin incision, cefuroxime (1.5 g) 
was administered intravenously. In addition, tranexamic acid 
(0.5 g) was given 3 hours a$er surgery, and cefuroxime (750 
mg) was given 6 and 12 hours postoperatively. !rombosis 
prophylaxis was achieved with use of rivaroxaban (10 mg) 
throughout hospitalization.
Both groups had an appropriately sized thigh tourniquet 
applied, but it was only in&ated in the Tq group. In non-Tq 
group, it was placed on the thigh but not in&ated, thereby 
serving as safety device in case of uncontrollable bleeding. 
In the Tq group, limb exsanguination was done by elevation 
for 2 min, and the cu* was in&ated to 250 mmHg just prior 
to skin incision.
All knee implants were the NexGen| CR-Flex Fixed Bearing 
Knee (^immer, Warsaw, Indiana, USA) with use of Biomet 
Refobacin| Bone Cement R (Biomet, Warsaw, Indiana, USA). 
In all cases, the patella was resurfaced. Surgical procedures 
were all performed by one single surgeon. A midline skin 
incision and medial parapatellar arthrotomy were applied. 
An intramedullary guide system was used for the femur and 
external guides for the tibia. !e distal femur guide hole was 
plugged with autogenous bone gra$s. Cement was applied 
on the tibia plateau surface, beneath the tibial tray and along 
the stem. Anchorage holes were drilled into the tibia plateau 
if necessary, to increase the contact area between bone and 
cement. !e proximal tibia bone was prepared for RSA with 
the insertion of 14±16 tantalum beads of 1.0-mm.
!e corner stones of modern cementing technique are sur-
face preparation including comprehensive high pressure 
pulse lavage that allows a deeper cement penetration, thereby 
enhancing the mechanical bone- cement bond by removing 
blood, fat, bone and cement debris 36, 37. Careful cleaning of 
the remaining debris is crucial as it may prevent ªthird body 
wearº responsible for polyethylene wear and implant loosen-
ing 55 (picture 5). 
A common practice is to cement the components in one 
phase, instead we performed a two-stage cementation pro-
cedure. !e tibia and patella were implanted #rst, and then 
another package of cement was used to #xate the femoral 
component. !is prolonged the operation time, but was done 
to secure enough time to obtain a careful cementation with 
proper pressurization. A$er cementation, further pulse lav-
age debridement was performed to eliminate cement debris 
from the wound 56. Immediately a$er wound closure, dress-
ings were applied, and the cu* was de&ated in the Tq group 
and removed.  

Statistical"analysis
Study I
Sample size for this study was based in part on the KOOS 
score 57 and in part on earlier studies with knee ROM and 
surgery with and without a tourniquet 7, 59. A change of mini-
mum 10 points was considered clinically signi#cant. Data as 
KOOS, VAS pain and other continuous variables that was 
normally distributed were analyzed with Student?s t-test (un-
paired). Mann Whitney U-test was used for continuous vari-
ables not normally distributed. !e chi-squared test was used 
to analyze categorical variables. 

Study II
Data for each metabolite over time in each group were ana-
lyzed by using analysis of variance (ANOVA), StudentÂs t-
test for comparison of the Tq-group with the non-Tq group, 
and Wilcoxon rank sum test if assumptions for the t-test 
were not ful#lled. !e metabolic changes during surgery and 
reperfusion are expressed in percentages of baseline values.

Study III 
Sample size was based on earlier studies 7, 60 .Using a SD 0.2 
mm with } = 5 and ~ = 80>, the sample size of each group 
was 18. Because of the possible risk of patient drop-out, the 
number was increased to 35 per group.  
In a systematic review, it was suggested that a MTPM mi-
gration threshold of less than 0.54 mm was acceptable 62.We 
chose migration \0.5mm in magnitude at 2-year follow-up 
to be ªclinically relevantº based on previous clinical studies 18, 

50, 61. !is means the 2SD would have to be within +<- 0.5mm. 
Data were analyzed with ANOVA and the Mann-Whitney 
U-test to compare mean di*erence in migration where ap-
propriate.
!e level of signi#cance was set at 95> con#dence limit, and 
a p-value less than 0.05 was considered signi#cant. Data are 
presented as means and standard deviations. Statistical anal-
ysis was performed by using STATA 11.0

Patients"and"Methodological"Considerations

Picture 5. Surgical overview a$er high pressure pulse lavage 
(tourniquet absent)
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Study"I
Hypotheses
Absence of a tourniquet during TKA improves functional 
outcomes and rehabilitation by reducing postoperative pain 
and improving early knee ROM.

Primary outcomes
Figure 8 shows that both groups had improvement within 
all KOOS subscales, from baseline until 8 weeks. Di*erences 
between groups were  also registered, and there was more im-
provement in the non-Tq group (p Q 0.001)

Results"±"summary"of"papers
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Table 3. Absolute changes for all sub-
scales from baseline (preoperative) un-
til 12 months are presented.

Fig."8
Absolute mean KOOS subscales are 
presented at baseline and through 
follow-up as an outcome pro#le for 
the tourniquet group vs. the non-
tourniquet group. KOOS subscales: 
pain, symptoms, activity in daily 
living (ADL), sport and recreation 
(Sport<Rec) and quality of life (]OL). 
Early improvement at week 8 was de-
tected in all KOOS subscales. Statisti-
cal signi#cant di*erence marked with
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Knee range of motion:  At discharge, 90> of all patients 
had obtained full extension, and at 6-month follow-up, all 
patients had full extension. Flexion was measured preop-
eratively and during a 12-month follow-up period (Fig. 9). 
!ere was no signi#cant di*erence in preoperative ROM be-
tween the two groups (non-Tq 107.9 • 9.6 degrees) vs. Tq 
group 107.4 • 10.5 degrees; p = 0.836). Postoperatively there 
was signi#cantly better knee ROM in the non-Tq group (47.5 
• 9.5 degrees vs. 35.6 • 7.9 degrees; p Q 0.001). !is #nd-

ing was still detectable at 8 weeks, at which time the  non-Tq 
group had signi#cantly better knee ROM (99.8 •7.2 degrees 
vs. 93.4 • 8.2 degrees; p = 0.002). At 6 months, there was no 
di*erence between the non-Tq group and the Tq group: (108  
• 8.5 degrees vs. 107.1 • 10.6 degrees; p = 0.726).
 !is was also registered at 1- year evaluation, where no dif-
ference was found between the two groups (113.4 • 8 degrees 
vs.113 • 8 degrees; p=0.845).

Secondary outcomes:
Pain: A signi#cantly lower mean VAS score on day of dis-
charge was registered in the non-Tq group (4.6 • 1.4 vs. 5.5 
•1.6; p Q 0.015) (Fig. 10). 
No di*erence was registered on postoperative day 0 and 
again at 8-week follow-up. Patients in the tourniquet group 
had a greater analgesic consumption and greater discomfort 
from the thigh until 2 to 3 weeks a$er discharge. In the Tq 
group, signi#cantly higher equianalgesic morphine use was 
registered during hospitalization:  38 • 9.8 mg vs. 31• 6.1 mg.

D
eg

re
es

Tq"group Non-Tq"group

Fig."9.��Range of motion. A signi#cant better ROM was achieved postoperatively and at 8 week follow-up when a 
 tourniquet was not used.

Tq group Non-Tq group

Fig."10.��Mean of all consecutive pain measurements 
 during #rst 3 days.
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Intraoperative bleeding: was signi#cant greater when a tour-
niquet was not used (Table 4). None of the patients required 
transfusion during hospitalization.  
Surgical" time: !ere was no signi#cant di*erence be-
tween the two groups regarding surgical time in the 
Tq group (69.5 • 5.3) compared to the non-Tq group  
(71.3 • 4.5 minutes; p = 0.16).
No signi#cant di*erences were found in surgical visibility (p 
= 0.12). Obtaining a dry and well-exposed tibia surface for 
cementing was no challenge ± especially a$er high pulse lav-
age and swab packing.

Adverse events:  Deep vein thrombosis (DVT) was suspected 
and con#rmed by ultrasonography in both groups: 1 in non-
Tq group and 2 in Tq group.
At week 8, two patients from the Tq group had &exion Q900 

that required forced manipulation in general anesthesia. 
During hospitalization and the postoperative period there 
was not no excessive oozing of blood or wound complica-
tions. !is was con#rmed during outpatient control.

STUDY"II"
Hypothesis
Tourniquet use induces ischemia during TKA surgery and 
reperfusion.

!e duration of ischemia was 74.4 • 3.7 minutes in the tour-
niquet group. Using microdialysis, changes measured during 
surgery and reperfusion are expressed in percentages of base-
line values (Figure) and in absolute values (Table)

Before surgery, MiD catheters were inserted, and the average 
of the #rst consecutive samples before performing surgery 
were used to establish a baseline and de#ned as 100> for me
tabolites. Baseline was measured a$er an initial 40-minute 
&ushing period followed by a stabilization period of 20 min-
utes (table 5).
In the reference leg, baseline reached stable values within that 
period of time, stable values were reached during baseline 
and remained unchanged for the whole period of 300 min.

Table 4. Intraoperative measurements

Table 5. Average interstitial baseline concentration at a constant &ow rate of 0.3 _l<min.
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Comparison"between"Tq"group"and"non-Tq"group.
Comparing the Tq group with non-Tq group, di*erences 
were registered in all of the metabolites from beginning of 
the reperfusion time until 140±180 min later. A$er that, 
there were no di*erence, and the metabolites were restored 
back to initial levels. 
!is is expressed in Figure 11 where the mean di*erences be-
tween the two groups are shown. 

Tourniquet"group
A$er a period of tourniquet-induced ischemia, the concen-
tration of glucose decreased by 54> (2.3 • 0.7 mmol<L; p Q 
0.001), this reduction was detectable during reperfusion, and 
glucose levels were normalized to baseline 300 min postop-
eratively. 
Pyruvate concentration was initially reduced to 60> (25.9 
• 5.6 _mol<L; p Q 0.001), while it was dramatically elevated 
during the #rst period of 30±60 min of reperfusion to 123> 
(145.6 • 10.9 _mol<L; p Q 0.001). At 180 min, pyruvate con-
centration was back at baseline, and no di*erence was de-
tected (p = 0.118).

Concentration of lactate increased signi#cantly during 
reperfusion of 30±60 min up to 116> (3.9 • 0.8 mmol<L; p 
Q 0.001). A$er 120 min of reperfusion, it slowly returned to 
baseline (p = 0.129). A$er 300 min, no signi#cant di*erence 
was registered (p = 0.952) when comparing to baseline 
(Fig. 12).
Concentration of glycerol also increased dramatically at the 
beginning of reperfusion to 190> (244.7 • 12.5 _mol<L; p Q 
0.001) and stayed signi#cantly increased during 140 min of 
reperfusion (p Q 0.001). At 300 min, there was no signi#cant 
di*erence (p = 0.634). 
L<P ratio increased signi#cantly 79> (107 • 33.3) a$er peri-

od of ischemia, but a$er 90 minutes of reperfusion the initial 
level was restored.   
Signi#cant di*erences in all metabolites were noted until 140 
min. between the operated leg and non-operated leg (Fig 13).
All values returned to baseline values within 300 minutes in 
both legs, a$er which no di*erence was registered.

Non-tourniquet"group"(non"ischemic"control"group):
!e metabolites were less a*ected and returned faster back to 
initial levels (Fig 14).
!e #rst sample a$er surgery showed a glucose concentra-
tion that only decreased 11.5> (4.6 • 0.7 mmol<L; p Q 0.001) 
during surgery, and during 90 minutes of reperfusion, nor-
mal levels were reached (p = 0.220).
Pyruvate concentration was reduced to 13.5> (53.8 • 9.5 
_mol<L) of the initial value, and during a short reperfusion 
period of 30 minutes, it was back to baseline.
Concentration of lactate increased during early reperfusion, 
and at 30 minutes it reached a maximum of 30> (2.6 • 0.5 
mmol<L). A$er 60 minutes, it was unaltered, and no statisti-
cally signi#cant di*erence was registered.   
Glycerol concentration was increased to maximum of 48> 
(114.5 • 15.4. _mol<L) 60 minutes postoperatively. During a 
long postoperative period, it slowly returned to normal 
(Fig 14). 
 L<P ratio also changed signi#cantly, reaching a maximum at 
30 minutes reperfusion, 45> (42.2 • 13.3; p Q 0.001), but af-
ter this, it was quickly restored. !e di*erences between op-
erated and non-operated leg did not indicate an e*ect due to 
ischemia, but rather to cell damage as a response to surgery, 
which was  expressed as an increase in glycerol (Fig.15)  

Fig."11. Tourniquet use induced signi#cant ischemia, and di*erences in the levels of all the metabolites were detected between the 
Tq group and the non-Tq group from the beginning of the reperfusion time and until 140±180 min later.  
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Fig." 12. Absolute values in percentile 
change from baseline. !e ischemic 
changes are restored a$er a 300 minutes. 

Fig."13. Mean di*erence between op-
erated leg and reference leg in the T] 
group. Signi#cant di*erences in metab-
olites were noted until 140 min.

Fig." 14. In non-Tq group metabolite
changes were smaller and restored with-
in 60 min.

Fig." 15. Mean di*erence in non Tq-
group between operated leg and ref-
erence leg. Glycerol is a*ected due to 
cell damage as a response to surgery. 
Ischemic metabolites are not a*ected.  

Tq"group
Mean di*erence between operated leg and reference leg

Tq"group

Non-Tq"group
Mean di*erence between operated leg and reference leg

Non-Tq"group
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Study"III"
Hypothesis
Absence of a tourniquet does not negatively a*ect the quality 
of cement-tibial #xation.

During 2 years? follow-up, no statistically signi#cant di*er-
ence was detected in the mean values of MTPM between 
the two groups (p = 0.63) (Fig.16). No statistically signi#-
cant di*erence was detected in mean values of translations 
or rotations along the sagittal, transverse and longitudinal 
axes at any time during follow-up and a$er 2 years, pX0.05.  
!e mean were all below 0.5 mm and 0.5 degrees for both 
groups (table 6). 

In both groups, all of the patients analyzed with RSA showed 
stable #xation throughout the follow-ups, and no signi#cant 
migration was detected. 

Adverse event: We registered one case of early tibial com-
ponent loosening in the Tq group. !e patient was initially 
without symptoms and well mobilized, but on plain radio-
graphs the loosening was detected at week 8. Implant loos-
ening had occurred due to impaired subchondral tibia bone 
quality caused by a cyst not recognized before or during sur-
gery. !is patient was not included in the RSA study.

Fig." 16. MTPM Maximum total 
point motion during a 2-year fol-
low-up. No di*erence was found 
between the two groups.  
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Table 6. RSA results expressed as mean translation and rotation of the tibial component. Positive directions for translation along orthogo-
nal axis were { (medial-lateral), Y (caudal-cranial), ^ (posterior-anterior). Positive directions for rotation around the coordinate axes were 
{ (anterior posterior tilt), Y (internal-external rotation), ^ (varus-valgus tilt).
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!e clinical outcomes, pain reduction and a good knee range 
of motion, are important endpoints that determine the suc-
cess of TKA surgery. Another success criterion is long-term 
durability, achieved by obtaining a good quality of cementa-
tion so that implant #xation is assured. 
!e aim of the thesis was to investigate the e*ect of tour-
niquet use during TKA on clinical outcomes regarding re-
habilitation and knee range of motion. Intraoperative meas-
urements, i.e. surgical visibility, operation time and blood 
loss were also registered. Furthermore, the ischemic changes 
during and a$er surgery and implant #xation was evaluated, 
since these subjects have only been investigated to a limited 
extent. !e overall aim was to optimize the TKA procedure 
so that no unnecessary procedures were used which might 
delay rehabilitation.  !e early period of rehabilitation is 
crucial. Patients that are mobile and can commence rehabili-
tation quicker have increased chances of better clinical and 
functional results.    

Study I showed signi#cantly better clinical and functional 
outcome in terms of better KOOS scores and easier mobi-
lization with better knee ROM in the initial rehabilitation 
stage when  a tourniquet was not used. Pain during TKA is 
inevitable because of the surgical trauma to so$ tissues and 
osseous structures. Patients undergoing surgery in which a 
tourniquet was used o$en complained of thigh pain at the 
site of the tourniquet. It is possible that local pressure on 
nerves and so$ tissue is the cause, and this has been revealed 
in previous studies 63, 64. 
!e increased pain was con#rmed by the KOOS registra-
tion. All patients in the non-Tq group had signi#cantly better 
scores until the 6-month outpatient control, a$er which no 
signi#cant di*erences were detectable. Not using a tourni-
quet facilitated easier rehabilitation without patients experi-
encing additional pain from the thigh. 

We found that knee ROM recovery was achieved faster in the 
non-Tq group than in the Tq group, which was also noted by 
Wakankar et al. (1999) and Chang et al. (2012) 59, 65. We found 
that early postoperative bene#ts were better knee ROM and 
better subjective knee performance observed at the outpatient 
follow-ups until 6 months a$er surgery.  However, the clini-
cal di*erences between the groups did decrease with time. 
!ese #ndings are in accordance with Ledin et al. (2012) 7,
who found pain was increased during the #rst 4 postopera-
tive days and knee ROM was still decreased at 2 years when  
a tourniquet was used. Vandenbussche et al. (2002) and Li 
et al. (2009) also found early improvement in knee &exion 
and reduction of initial postoperative pain 38, 66. Increased 
pain and thigh swelling could be attributed to the tourniquet, 
and these conditions could impair initial knee &exion and 
thereby rehabilitation.  

Tai et al. (2012) found decreased postoperative pain when a 
tourniquet was not used, but no di*erence in knee &exion. 
!is did not a*ect the rehabilitation progress or recovery 18.

We found no di*erences in surgical time or intraoperative 
visibility and controlling bleeding was not a problem. Pre- 
and postoperative tranexamic acid was given, and during 
initial surgery, the knee was &exed so that further hemostasis 
was achieved. Surgical time is an interesting parameter since 
it represents an objective measure of di'culties caused by 
impaired visibility. Since there was no di*erence in surgical 
time, it appears that not using a tourniquet had no e*ect on 
surgical visibility. 
Smith et al. (2010) and ^hang et al. (2010) found that intra-
operative bleeding is reduced with tourniquet application but 
that tourniquet application had no bene#ts with regard to 
postoperative bleeding, total blood loss or transfusion rates 
5, 67. We found less intraoperative bleeding with tourniquet 
use; this however did not have any clinical relevance. Peri-
operative blood loss was assessed on the basis of maximum 
hemoglobin reduction ± a common evaluation in clinical 
practice. Hemoglobin was monitored in all patients during 
hospitalization and not a single patient required transfusion. 
Tetro et al. (2001)suggested that using a tourniquet was not 
e*ective in reducing overall blood loss volume; a conclusion 
also reached in meta-analyses by Smith et al. (2010) and Tai 
et al. (2011) 5, 25, 28.

In study II, we revealed that microdialysis was an e*ective 
way to monitor interstitial levels of di*erent metabolites 
associated with ischemia in skeletal muscle. !e apparent 
ischemia underneath the tourniquet has previously been 
described 21, 81. We estimated metabolic changes distally in 
the limb exposed to tourniquet-induced ischemia and dur-
ing reperfusion. !e main #ndings showed that tourniquet 
use in&icts signi#cant ischemia in the a*ected limb and these 
changes last until 3 hours a$er cu* de&ation. 
!e di*erence between the two groups, as illustrated in 
Fig.10, shows the di*erences tourniquet use induces in the 
metabolic markers, which are a*ected until 180 minutes af-
ter tourniquet release. If the systemic e*ect of surgery on the 
markers is ruled out, it can be concluded that di*erence was 
due to the local e*ect of the tourniquet.
In the non-tourniquet group, the markers changed right a$er 
surgery compared to baseline in the operated leg, but not to 
the same extent as in the tourniquet group, and they quickly 
reverted back to normal values. 

Discussion

Discussion
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Comparing the operated leg and reference leg, there was no 
signi#cant di*erence, indicating that here a local response 
did not occur and that the changes were due to an overall 
systemic response to surgery.

Study III assessed one of the main reasons for tourniquet 
application. !is concerns the question of whether better 
implant #xation is achieved with the use of a tourniquet. It 
is known that tibial components migrate a$er surgery, most 
markedly in the #rst 6 weeks; later, migration diminishes and 
stabilizes approximately 1 year a$er surgery 35, 69, 70. Obtaining 
a good and secure initial #xation is of utmost importance.
Using RSA and MTPM as primary outcome we did not reg-
ister any di*erence in terms of implant migration during the 
#rst 2 years a$er surgery. Furthermore, no di*erence in the 
translation and rotations between the two groups was de-
tected. 
To our knowledge this is the #rst study to investigate the 
e*ect of a tourniquet on implant migration and long-term 
survival using model-based RSA. Only two other studies re-
garding implant #xation and tourniquet have been conduct-
ed; both used marker-based RSA and involved 50 patients 
and 60 patients, respectively 7, 8. !eir results support our 
#ndings. MTPM and translations and rotations a$er 2 years 
showed no di*erence
In the randomized study by Vandenbussche et al. in (2002), 
plain radiograph analysis was performed at 3 months, look-
ing for early signs of aseptic implant loosening, with special 
attention to radiolucent lines, and no di*erence was seen in 
relation to tourniquet use or non-use 38. Abdel-Salam and 
Eyres (1995) also reported that no di*erence was detected 
between the two groups based on an evaluation of plain ra-
diographs during a 2-year follow-up 1.
MTPM between the two groups showed no di*erence in mi-
gration or rigid body motion pattern, indicating that the ab-
sence of a tourniquet did not impair the #xation of the tibial 
component and thereby did not increase the risk of long-
term loosening.

Results"in"a"clinical"context
!e results from all three studies seem to support the notion 
that not using a tourniquet does not impair the outcome of 
TKA surgery. In fact, in studies I and II, the outcomes were 

favorable when not applying a tourniquet, and study III re-
vealed no advantage in obtaining a better tibial implant #xa-
tion with tourniquet application. 
If not using a tourniquet can facilitate an earlier achievement 
of functional outcomes a$er TKA and less postoperative 
pain, consequently the future use of a tourniquet should be 
reconsidered in order to avoid complications associated with 
its use. 
!e results of this study is limited by the fact all patients were 
operated by the same experienced surgeon and patients are 
carefully included if eligible for this study. It should be taken 
into consideration that TKA surgery without tourniquet may 
not be suitable for low-volume surgeons.

Conclusion
!e studies included in the present thesis investigated the 
value of a tourniquet in cemented TKA surgery, with regard 
to clinical outcomes, ischemic conditions and implant #xa-
tion. In all three studies, we found no bene#t of tourniquet 
application. !e use of a tourniquet should be kept to a mini-
mum and serve as a backup technique if excessive bleeding 
occurs. Implant #xation is of utmost importance and has  
previously been investigated in two other RSA studies. To-
gether with present RSA study, the indication is that absence 
of a tourniquet in cemented TKA does not impair #xation. 
Reporting to national registers should be done to support the 
#ndings of the studies in this thesis.

Suggestions"for"future"research
Our results have shown that the clinical practice could be 
altered so that a tourniquet is not used as a standard proce-
dure in cemented TKA. !ere are many aspects that should 
carefully be taken account of when using the tourniquet. !e 
direct mechanical compression can cause nerve palsy, and 
therefore investigating the extent of nerve damage could be 
interesting. 
!e cementation technique is an area that has not been in-
vestigated in this study. Whether a conventional one-stage 
versus a two-stage cementation procedure is optimal and 
whether the use of anchorage holes should be performed 
could be studied. !erefore further randomized trials are 
suggested to clarify these aspects.

Discussion
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Background" and" purpose"Tourniquet" application" is" still"
a" common" practice" in" total" knee" arthroplasty" surgery"
despite"being"associated"with"several"adverse"e&ects."  e"
present"study"was"conducted"to"evaluate"the"e&ects"of"tour-
niquet"use"on"functional"and"clinical"outcome"and"on"knee"
range"of"motion"(ROM)."
Patients" and" methods" 70" patients" who" underwent" total"
knee" arthroplasty" were" randomized" into" a" tourniquet"
group"(n=35)"and"a"non-tourniquet"group"(n=35)."Groups"
were"similar"with"regard"to"age,"gender,"grade"of"arthritis"
and"operating"technique."All"operations"were"performed"
by"the"same"surgeon"and"follow-up"was"1"year."
Primary"outcomes"were"functional"and"clinical"outcomes,"
as"evaluated"by" the"Knee" Injury"and"Osteoarthritis"Out-
come"Score"(KOOS),"and"knee"ROM."Secondary"outcomes"
were"intraoperative"blood"loss,"surgical"time"and"di*cul-
ties,"postoperative"pain,"analgesic"consumption"and"trans-
fusion"requirements."
Results" Patients" in" the" non-tourniquet" group" showed" a"
signi$cantly" better" outcome" in" all" KOOS" subscores" and"
better" early" knee" ROM" from" surgery" to" week" 8." No" dif-
ference"was"detected"at" the"6-"and"12-month" follow-ups."
 ere" was" a" signi$cant" di&erence" in" postoperative" pain,"
with"decreased"visual"analogue"scale"(VAS)"score"and"less"
analgesic"consumption"when"a" tourniquet"was"not"used."
No" di&erence" could" be" detected" in" surgical" time," surgi-
cal"visibility"or"di*culties."Intraoperative"blood"loss"was"
greater"when"not"using"a"tourniquet,"but"no"postoperative"
transfusions"were"required."
Interpretation " is"study"shows"that"TKA"without"use"of"
a" tourniquet" results" in" faster" recovery" in" terms"of"better"
functional" outcome" and" improved" knee" ROM." Further-
more"decreased"pain"and"analgesic"use"were"registered"and"
no"intraoperative"di*culties"encountered.

Introduction
!e use of a pneumatic tourniquet in elective total knee ar-
throplasty (TKA) is still common practice. Tourniquets are 
frequently applied to ensure less intraoperative bleeding 
and concurrently create a bloodless surgical #eld, thereby 
potentially reducing surgical time. !eir use in orthopedic 
surgery seems well established despite the adverse e*ects 
that have previously been described (Abdel-Salam et al.1995, 

Wakankar et al. 1999, Konrad et al. 2005).
!e bene#ts of tourniquet use should be viewed in light of 
the disadvantages and possible risks. It has been proposed 
that one of the advantages of a tourniquet is to reduce intra-
operative bleeding and thereby improve visibility of the sur-
gical #eld, resulting in reduced surgical time. Another main 
argument for using a tourniquet has been the concern of 
poor cementation quality. !eoretically, absence of bleeding 
due to tourniquet use should improve the quality of cementa-
tion and secure long-term implant #xation (Bannister et al. 
1988, Rama et al. 2007).
!e disadvantages should be taken carefully into considera-
tion when using a tourniquet. Reported complications in-
clude thigh pain, nerve palsy, ischemia, so$ tissue damage, 
thromboembolic complications, poor wound healing and 
patella maltracking (Komatsu et al. 2003, Smith et al. 2010 
and Tai et al. 2011). 
Recovery may be delayed due to reduced muscle strength, re-
duced knee ROM and increased pain (Saunders et al. 1979). 
Other studies have shown increased pain and impaired knee 
range of motion up to 1 year a$er surgery in which a tourni-
quet is used (Abdel-Salam et al. 1995, Ledin et al. 2012). Sev-
eral randomized controlled trails and meta-analyses dealing 
with adverse e*ects of tourniquet use have been published, 
but disagreement still remains, whether TKA surgery should 
be performed with or without the use of a tourniquet (Toby 
et al. 2010 and Tai et al. 2011, Alcelik et al. 2012). !us more 
trials are needed to elucidate the value of tourniquets in TKA.
!e aim of this study was to examine the e*ects of tourniquet 
use on functional and clinical outcome and on knee ROM. 
Furthermore, intraoperative blood loss, surgical time, sur-
gical visibility and di'culties, postoperative pain, analgesic 
consumption and transfusion requirements were registered. 
We hypothesized that the absence of a tourniquet during 
TKA would improve functional outcomes and increase knee 
ROM, decrease postoperative pain level and analgesic con-
sumption. 
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Patients"and"methods:"
!is prospective randomized clinical trial was conducted at 
Aalborg University Hospital, Aalborg, Denmark. A total of 
70 primary TKA were included in the study and performed 
between January 2011 and January 2012. 
Approval from the local Ethics Committee (approval 
no. N-20090045) and registration at ClinicalTrials.gov 
(NCT01309035) were obtained. All patients gave written 
consent and were enrolled in this study in accordance with 
the Consolidated Standards of Reporting Trials (CONSORT) 
and !e Helsinki Declaration (Fig.1).
!is study was part of a larger randomized controlled trial 
where two other main aims were investigated. !e primary 
outcomes of these trials are tourniquets e*ect on implant 
#xation and ischemic conditions. !e clinical outcomes of 
tourniquet use are presented in this publication.

Patients
Patients aged 50±85 were included if elective unilateral TKA 
because of gonarthrosis stage 3±5 according to Ahlb[ck 
(1968) was required. All patients were without other severe 
disease and classi#ed according to American Society of An-
esthesiologists ASA 1-2. BMI more than 35 were not consid-
ered eligible for inclusion. 
Exclusion criteria included rheumatoid arthritis, peripheral 
vascular disease, diabetes, prior knee surgery and use of anti-
coagulation medicine.
Patients were comparable regarding demographics (Table 1.) 
!ey were allocated into two groups: 33 patients had surgery 
using a tourniquet (Tq group) and 31 patients had surgery 
without the use of a tourniquet (non-Tq group). 
Patients were block randomized using sealed envelopes. In 
the operating theater before surgery, the envelope was opened 
when the surgeon was present. Patients were unaware of the 
group to which they were allocated. 
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Fig.1. Flow chart of included participants.

Table 1. Demographics (SD: Standard Deviation)  
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Surgical technique
All procedures were standardized with regard to preopera-
tive tranexamic acid, spinal anesthesia, postoperative pain 
treatment and rehabilitation regimen. 
Before surgery, tranexamic acid (1 g) was administered oral-
ly, and immediately prior to skin incision, cefuroxime (1.5 
g) was administered intravenously. In addition, tranexamic 
acid (0.5 g) was given 3 hours a$er surgery, and cefuroxime 
(750 mg) was given 6 and 12 hours postoperative. !rombo-
sis prophylaxis was achieved with use of rivaroxaban (10 mg<
day) throughout hospitalization.  
Both groups had an appropriately sized thigh tourniquet 
applied, but it was only in&ated in the Tq group. In non-Tq 
group, it was placed on the thigh but not in&ated, thereby 
serving as safety device in case of uncontrollable bleeding. 
In the Tq group, limb exsanguination was done by elevation 
for 2 min, and the cu* was in&ated to 250 mmHg. Standard 
procedure in our clinic is TKA surgery with the use of a tour-
niquet.
All knee implants were the NexGen| CR-Flex Fixed Bearing 
Knee (^immer, Warsaw, Indiana, USA) with use of Biomet 
Refobacin| Bone Cement R (Biomet, Warsaw, Indiana, USA). 
In all cases, the patella was resurfaced. Surgical procedures 
were all performed by the same surgeon within 80 min (Ta-
ble2). A midline skin incision and medial parapatellar ar-
throtomy were applied. An intramedullary guide system was 
used for the femur and external guides for the tibia. Distal 
femur holes were plugged with autogenous bone gra$s. Ce-
ment was applied on the tibia plateau surface, beneath the 
tibial tray and along the stem. Anchorage holes were drilled 
into the tibia plateau to increase the contact area between 
bone and cement. High pressure pulse lavage was performed 
to remove blood and provide better cement interdigitation.
Modern cementing technique was used that involved metic-
ulous pulse lavage of debridement before cement application. 
A two-stage cementation procedure was performed. !e tib-
ia and patella were implanted #rst, and then another package 
of cement was used to #xate the femoral component. !is 
was done to secure enough time to obtain a careful cementa-
tion with proper pressurization. A$er cementation, further 
pulse lavage debridement was performed to eliminate ce-
ment debris from the wound (Niki et al. 2007). Immediately 
a$er wound closure, dressings were applied, and the cu* was 
de&ated in the Tq group and removed. 
Postoperative rehabilitation and pain management were 
standardized for both groups and followed a standard proto-
col including full weight bearing, paracetamol and morphine 
analogs. Mobilization was allowed same evening as the day 
of operation. Patients received daily functional training un-
der supervision of physiotherapists, until day of discharge (2 
days a$er surgery). 

Primary outcomes:
To evaluate functional and clinical outcomes the Knee In-
jury and Osteoarthritis Outcome Score (KOOS) was used 
(Roos et al. 1998). In this validated knee-speci#c question-
naire, the outcome is expressed as the change in average score 
from baseline to 12 months for each subscale. Knee ROM 
was measured by extension and &exion with a goniometer 
2 weeks preoperatively as a baseline, postoperatively on day 
2 and during follow-up (8 weeks, 6 months and 12 months) 
(#g.3).
At discharge, 90> of all patients had obtained full exten-
sion, and at 6-month follow-up, all patients had full exten-
sion. !ere was no signi#cant di*erence in preoperative 
knee ROM between the two groups (non-Tq 107.9 • 9.6 de-
grees 95>CI (104.5-111.3) vs. Tq group 107.4 • 10.5 degrees 
95>CI (103.5 -111.2); p=0.836).

Secondary outcomes:
Pain was assessed using a VAS score with no distinction be-
tween thigh pain and knee pain. ^ero was no pain and 10 was 
worst imaginable pain. Pain was registered at rest, just prior 
to surgery and postoperatively at 2,4,6,8 and 10 hours on the 
day of surgery (day 0). !e following days, pain was evalu-
ated during rest and a$er walking 20 m. Analgesic consump-
tion was expressed as a mean morphine equivalent during 
hospitalization, and the consumption was standardized using 
10 mg of morphine as reference analgesic dose.
Surgical data were recorded regarding blood loss estimation, 
which was measured by totaling &uid volume in suction bot-
tles and the weight of operation swabs. !e hospital?s trans-
fusion policy was followed regarding transfusion needs, and 
patients were transfused postoperatively if hemoglobin level 
was 4.5 mmol<l or lower. Surgical time and surgical visibility 
during surgery was registered by the same surgeon (Table 2).

No problems 1

Slight problems 2

Moderate problems 3

Severe problems 4

Extreme problems 5

Table 2. Surgical visibility.
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Statistical analysis:
Sample size for this study was based in part on the KOOS 
score (Roos et al. 1998) and in part on earlier studies with 
knee ROM and surgery with and without a tourniquet 
(Wakankar et al. 1999, Ledin et al. 2012). A change of mini-
mum 10 points was considered clinically signi#cant. A power 
calculation was determined to 80>, the con#dence interval 
was set at 95> and a p-value less than 0.05 was considered 
signi#cant. Data as KOOS, VAS pain and other continuous 
variables that was normally distributed were analyzed with 
Student?s t-test (unpaired). Mann Whitney U-test was used 
for continuous variables not normally distributed. !e chi-
squared test was used to analyze categorical variables. Data 
are presented as means and standard deviations. Statistical 
analysis was performed by using STATA 11.0

Results
70 patients were enrolled in the trial; 64 (35 males and 29 
females) completed the study (see &ow chart). 
Patients were similar concerning preoperative demographics 
(Table 1). !ere were no di*erences regarding age, weight, 
gender, preoperative KOOS score or radiographic osteoar-
thritis grade.

Primary outcomes
KOOS: Fig. 2 shows that both groups had improvement 
within all KOOS subscales, from baseline until 8 weeks. 
When comparing the groups di*erence was also registered, 
with more improvement in the non-Tq group (pQ0.001)

Fig."2
Absolute mean KOOS subscales are 
presented at baseline and through 
follow-up as an outcome pro#le for 
the tourniquet group vs. the non-
tourniquet group. KOOS subscales: 
symptoms, pain, activity in daily 
living (ADL), sport and recreation 
(Sport<Rec) and quality of life (]OL). 
Early improvement at week 8 was de-
tected in all KOOS subscales. Statisti-
cal signi#cant di*erence marked with

Paper"I
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Knee" ROM: Postoperatively there was signi#cantly better 
knee ROM in the non-Tq group (47.5 • 9.5 degrees 95>CI 
(44.1-50.9) vs. 35.6 • 7.9 degrees 95>CI (32.8-38.5); p Q 0.001). 
!is #nding was still detectable at 8 weeks, where non-Tq 
group had signi#cantly better knee ROM (99.8 •7.2 degrees 
95>CI (97.2-102.3) vs. 93.4 •8.2degrees 95>CI (90.3-96.4)); 
p = 0.002). At 6 months there was no di*erence between 
non-Tq group and Tq group: (108  • 8.5 degrees 95>CI (105-
111) vs. 107.1•10.6 degrees 95>CI (103.3 -111); p = 0.726).                                                                                                                                          
!is was also registered at 1- year evaluation, where no 
di*erence was found between the two groups (113.4 • 8 de-
grees 95>CI (110.5-116.2) vs.113 • 8 degrees 95>CI (110.1 
-115.9); p=0.845).

Secondary outcomes
Pain: A signi#cantly lower mean VAS score on day 
of discharge was registered in the non-Tq group 
(4.6 • 1.4 95>CI (4.1-5.1) vs. 5.5 •1.6 95>CI (5-
6.1); p Q 0.015) (Fig.4). 

No di*erence was registered on postoperative day 0 
and again at 8-week follow-up. Patients in the tour-
niquet group had a greater analgesic consumption 
and greater discomfort from the thigh until 2 to 3 
weeks a$er discharge. In the Tq group, signi#cantly 
higher equianalgesic morphine use was registered 
during hospitalization:  38 • 9.8 mg 95>CI (34.66; 
41.34) vs. 31 • 6.1 mg 95>CI (28.85; 33.14) (#g. 3).

Paper"I
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Tq"group Non-Tq"group

Fig."3.��Range of motion. A signi#cant better ROM was achieved postoperatively and at 8 week follow-up when a 
 tourniquet was not used.

Tq group Non-Tq group

Fig."4.��Mean of all consecutive pain measurements 
 during #rst 3 days.
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Intraoperative"bleeding was signi#cant greater when a tour-
niquet was not used (Table 3). None of the patients required 
transfusion during hospitalization.  
!ere was no signi#cance di*erence between the two groups 
regarding surgical time in the Tq group (mean 69.5 • 5.3) 
compared to non-Tq group (mean 71.3 • 4.5 minutes; p = 
0.16).
No signi#cant di*erences were found in surgical visibility (p 
= 0.12). Obtaining a dry and well-exposed tibia surface for 
cementing was no challenge ± especially a$er high pulse lav-
age and swab packing. 

Adverse"events: DVT was suspected and con#rmed by ul-
trasonography in both groups: 1 in non-Tq group and 2 in 
Tq group.
At week 8, two patients from Tq group had &exion Q900 that 
required forced manipulation in general anesthesia. 
During hospitalization and postoperative period there was 
not no excessive oozing of blood or wound complications 
in both groups. !is was also con#rmed during outpatient 
control.

Discussion
!e aim of this present study was to clarify whether a tour-
niquet would a*ect functional outcomes and knee ROM af-
ter TKA surgery. !e main #ndings were signi#cantly better 
clinical and functional outcomes in terms of better KOOS 
score and more comfortable mobilization with better knee 
ROM in the initial rehabilitation stage in the patients in 
whom a tourniquet was not used.  
Pain during TKA is inevitable because of the surgical trauma 
to so$ tissues and osseous structures. In addition, patients 
o$en complained of thigh pain at the site of tourniquet. It 
is possible that local pressure on nerves and so$ tissue was 
the cause. !e increased pain was con#rmed with KOOS reg-
istration. All patients in the non-Tq group had signi#cantly 
better scores until the 6-month outpatient control, a$er 
which no signi#cant di*erences were detectable. Not using 
a tourniquet facilitated easier rehabilitation without patients 
experiencing additional pain from the thigh. 
We found that knee ROM recovery was achieved faster in the 
non-Tq group than in the Tq group, which was also estab-
lished by Wakankar et al. (1999) and Chang et al. (2012). We 
found that early postoperative bene#ts were better knee ROM 
and better subjective knee performance observed at the out-
patient follow-ups until 6 months.  Although the clinical dif-
ferences between the groups decreased with time. !ese #nd-
ings are in accordance with Ledin et al. (2012), who found 
pain was increased the #rst 4 postoperative days and knee 
ROM was still decreased at 2 years when using a tourniquet. 
Vandenbussche et al. (2002) and Li et al. (2009) also found 
early improvement in knee &exion and initial postoperative 
pain reduced. !e increased pain and thigh swelling could 
be attributed to the tourniquet and may hinder initial knee 

&exion and thereby rehabilitation.  
Tai et al. 2012 found decreased postoperative pain when not 
using a tourniquet, but no di*erence in knee &exion. !is did 
not a*ect the rehabilitation progress or recovery.  
!e ischemic e*ects and changes in the limb due to a tour-
niquet are sparsely described. Ostman et al. (2004) described 
the ischemic changes than take place in skeletal muscle dur-
ing arthroscopic ligament reconstruction, where surgical 
trauma is not as severe as in TKA. Here ischemic changes 
were signi#cantly higher until 2 hours a$er surgery. Tsarou-
has et al. (2012) investigated tourniquet induced so$ tissue 
damage during arthroscopic meniscectomy, measured by 
serum creatine phosphokinase in patients not older than 
40 years. It was found that tourniquet use for less than 30 
minutes was safe in terms that a systemic response was not 
detectable. In our study, the Tq group had signi#cantly more 
pain and also a signi#cantly higher requirement of analgesics, 
which may be due to the local ischemic conditions caused by 
the tourniquet and longer surgical time. !is, however, needs 
further investigation.         
We found no di*erences in surgical time or visibility. Con-
trolling intraoperative bleeding was not an obstacle. Pre- and 
postoperative tranexamic acid was given, and during initial 
surgery, the knee was &exed so that further hemostasis was 
achieved. Surgical time is an interesting parameter since it 
represents an objective measure of di'culties caused by im-
paired visibility. Since there was no di*erence in surgical 
time, it appears that not using a tourniquet had no e*ect on 
surgical visibility.
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Table 3. Intraoperative measurements
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Smith et al. (2010) and ^hang et al. (2010) found that intra-
operative bleeding is reduced with tourniquet application 
but that tourniquet application had no bene#ts with regard 
to postoperative bleeding, total blood loss or transfusion 
rates. We found less intraoperative bleeding with tourniquet 
use; this however did not have any clinical relevance. Peri-
operative blood loss was assessed on the basis of maximum 
hemoglobin reduction - a common evaluation in clinical 
practice. Hemoglobin was monitored in all patients during 
hospitalization and not a single patient required transfusion. 
Tetro et al. (2001) suggested that using a tourniquet was not 
e*ective in reducing overall blood loss volume; a conclusion 
also reached in meta-analyses by Toby et al. (2010) and Tai 
et al. (2011).
When using a tourniquet, it should be kept in mind that 
many other risk factors should be accounted for. Major con-
cerns when using tourniquet are the risk of nerve damages 
secondary to ischemia and increased tourniquet time and 
pressure (Pedowitz et al. 1991, Klenerman 1995, Olivecrona 
et al. 2013).
EMG changes have been studied, and thigh weakness and 
pain and may be a*ected by the mechanical compression 
caused by a tourniquet (Saunders 1979, Worland et al. 1997, 
Tai et al. 2012). 
!e main reason for still using tourniquets in cemented TKA 
surgery has been concern regarding not obtaining an ade-
quate bone-cement interdigitation because of active bleeding, 
thereby impairing #xation and causing inferior long-term 
implant survival (Juliusson et al. 1994, Alcelik et al. 2012). 
In 2 RCT studies implant #xation was investigated using 
radiostereometric analysis to assess the e*ect of tourniquet 
on #xation during cemented TKA. Both studies showed that 
tourniquet did not improve #xation of the implant (Ledin et 
al. 2012 and Molt et al. 2013)
We performed high pulse lavage, and swabs were used to ob-
tain clean dry-cut bone surfaces for proper cementing, and 
the absence of a tourniquet caused no problems. !is has 
been established in several studies, where no technical dif-
#culties or di'culties achieving a dry bone surface occurred. 
(Abdel-Salam et al. 1995, Tetro et al. 2001) 
We registered one case of early tibial component loosening in 
the Tq group. !e patient was initially without symptoms and 
well mobilized, but on plain radiographs the loosening was 
detected at week 8. !e implant failure had occurred due to 
impaired subchondral tibia bone quality caused by a cyst, not 
recognized before or during surgery. A$er revision, the new 
implant was well-#xated 1 year later. 
We recognize that our grading of surgical visibility is de#-
cient because this variable is the result of the surgeons? sub-
jective assessments, although the same surgeon performed 
all the operations. Similar conclusions have been expressed 
elsewhere (Abdel-Salam et al.1995, Vandenbussche 2002) 

where the surgical #eld was not impaired by tourniquet ab-
sence.
 Furthermore, we performed a two-stage cementation proce-
dure, which is not common practice, but the argument was 
that enough time was available to achieve a careful and thor-
ough quality of cementation. We are also aware of the fact 
that no distinctions regarding VAS registration were made 
between pain from the knee or its surroundings. But the 
greater analgesia requirements and decreased KOOS scores 
show that tourniquet application increases pain and discom-
fort.  
In conclusion, this randomized study shows that TKA sur-
gery without a tourniquet results in better functional out-
comes and improved knee ROM in the early period of reha-
bilitation.

No competing interests declared.

Reference

Abdel-Salam A, Eyres KS. E*ects of tourniquet during total knee arthroplasty. A pro-
spective randomised study. J Bone Joint Surg Br. 1995;77(2): 250-3.

Ahlb[ck S. Osteoarthrosis of the knee. A radiographic investigation. Acta Radiol Diagn 
(Stockh) 1968:Suppl 277:7-72.

Alcelik I, Pollock RD, Sukeik M, Bettany-Saltikov J, Armstrong PM, Fismer P. A com-
parison of outcomes with and without a tourniquet in total knee arthroplasty: a sys-
tematic review and  metaanalysis of randomized controlled trials. J Arthroplasty 2012; 
27(3): 331-40. 

Bannister GC, Miles AW. !e in&uence of cementing technique and blood on the 
strength of the bone-cement interface. Eng Med. 1988; 17(3): 131-3. 

Chang CW, Lan SM, Tai TW, Lai KA, Yang CY. An e*ective method to reduce ischemia 
time during total knee arthroplasty. J Formos Med Assoc. 2012; 111(1): 19-23

Juliusson R, Arve J, Ryd L. Cementation pressure in arthroplasty. In vitro study of ce-
ment penetration into femoral heads. Acta Orthop Scand. 1994; 65(2): 131-4.

Klenerman L. Is a tourniquet really necessary for knee replacement€  J Bone Joint Surg 
Br. 1995; 77(2): 174-5. 

Komatsu T, Ishibashi Y, Otsuka H, Nagao A, Toh S. !e e*ect of surgical approaches 
and tourniquet application on patellofemoral tracking in total knee arthroplasty. J Ar-
throplasty. 2003; 18(3): 308-12.

Konrad G, Markmiller M, Lenich A, Mayr E, R‚ter A. Tourniquets may increase post-
operative swelling and pain a$er internal #xation of ankle fractures.  Clin Orthop Relat 
Res. 2005; (433): 189-94.
Ledin H, Aspenberg P, Good L. Tourniquet use in total knee replacement does not 
improve #xation, but appears to reduce #nal range of motion. Acta Orthop. 2012; 83(5): 
499-503.

Molt M, Harsten A, Toksvig-Larsen S. !e e*ect of tourniquet use on #xation quality 
in cemented total knee arthroplasty a prospective randomized clinical controlled RSA 
trial. Knee. 2013 Oct 24.

Niki Y, Matsumoto H, Otani T, Tomatsu T, Toyama Y. How much sterile saline should 
be used for e'cient lavage during total knee arthroplasty€ E*ects of pulse lavage irriga-
tion on removal of bone and cement debris. J Arthroplasty. 2007 Jan;22(1):95-9. 

Olivecrona C, Blomfeldt R, Ponzer S, Stanford BR, Nilsson BY. Tourniquet cu* pressure 
and nerve injury in knee arthroplasty in a bloodless #eld: a neurophysiological study. 
Acta Orthop. 2013; 84(2): 159-64.

Paper"I

7



Ostman B, Michaelsson K, Rahme H, Hillered L. Tourniquet-induced ischemia and 
reperfusion in human skeletal muscle. Clin Orthop Relat Res. 2004; (418): 260-5.

Pedowitz RA. Tourniquet-induced neuromuscular injury. A recent review of rabbit and 
clinical experiments. Acta Orthop Scand. 1991; 245: 1-33.

Rama KR, Apsingi S, Poovali S, Jetti A. Timing of tourniquet release in knee arthro-
plasty. Meta-analysis of randomized, controlled trials. J Bone Joint Surg Am. 2007; 
89(4): 699-705.

Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD.  Knee Injury and Osteoar-
thritis Outcome Score (KOOS)--development of a self-administered outcome measure. 
J Orthop Sports Phys !er. 1998; 28(2): 88-96.

Saunders KC, Louis DL, Weingarden SI, Waylonis GW. E*ect of tourniquet time on 
postoperative quadriceps function. Clin Orthop Relat Res. 1979; (143): 194-9.

Smith TO, Hing CB. Is a tourniquet bene#cial in total knee replacement surgery€ A 
meta-analysis and systematic review. Knee. 2010;17(2): 141-7.

Tai TW, Lin CJ, Jou IM, Chang CW, Lai KA, Yang CY. Tourniquet use in total knee 
arthroplasty: a meta-analysis. Knee Surg Sports Traumatol Arthrosc. 2011 Jul; 19(7): 
1121-30. 

Tai TW, Chang CW, Lai KA, Lin CJ, Yang CY. E*ects of tourniquet use on blood loss 
and so$-tissue damage in total knee arthroplasty: a randomized controlled trial. J Bone 
Joint Surg Am. 2012 19; 94(24): 2209-15.
Tetro AM, Rudan JF. !e e*ects of a pneumatic tourniquet on blood loss in total knee 
arthroplasty. Can J Surg. 2001; 44(1): 33-8.

Tsarouhas A, Hantes ME, Tsougias G, Dailiana ^, Malizos KN. Tourniquet use does not 
a*ect rehabilitation, return to activities, and muscle damage a$er arthroscopic menis-
cectomy: a prospective randomized clinical study. Arthroscopy. 2012 Dec;28(12)

Vandenbussche E, Duranthon LD, Couturier M, Pidhorz L, Augereau B. !e e*ect of 
tourniquet use in total knee arthroplasty. Int Orthop. 2002; 26(5): 306-9.

Wakankar HM, Nicholl JE, Koka R, D?Arcy JC. !e tourniquet in total knee arthro-
plasty. A prospective, randomised study. J Bone Joint Surg Br. 1999; 81(1): 30-3.

Worland RL, Arredondo J, Angles F, Lopez-Jimenez F, Jessup DE. !igh pain
following tourniquet application in simultaneous bilateral total knee replacement ar-
throplasty. J Arthroplasty 1997; 12(8): 848-52.

^hang FJ, {iao Y, Liu YB, Tian {, Gao ^G. Clinical e*ects of applying a tourniquet in 
total knee arthroplasty on blood loss. Chin Med J (Engl). 2010; 123(21): 3030-3.

Paper"I

8



Paper"II

Paper"II



Purpose:"Tourniquet"use"in"total"knee"arthroplasty"(TKA)"
surgery" is" commonly" applied" to" minimize" blood" loss"
thereby" creating" a" better" overview" of" the" surgical" $eld."
 is" induces" ischemia" in" the"skeletal"muscle"resulting" in"
reperfusion"injury"and"may"impair"recovery."Our"aim"was"
to"investigate"the"in"vivo"metabolic"changes"in"the"skeletal"
muscle"distal"to"the"tourniquet"using"microdialysis"(MD)"
during"surgery"and" reperfusion"period"compared" to"pa-
tients"operated"without"use"of"tourniquet.
Methods:"70"patients"underwent"primary"TKA"from"2011-
2012." Patients" were" randomly" allocated" to" tourniquet"
group" (n=35)" or" non-tourniquet" group" (n=35)." Prior" to"
surgery,"MD"catheters"were"inserted"in"the"gastrocnemius"
muscle" of" both" legs," operated" leg" and" non-operated" leg,"
which," served"as" reference." Interstitial"dialysate"was"col-
lected"before"and"during"surgery"and"at"20"min"intervals"
during"a"5"hours"reperfusion"period."Main"variables"were"
metabolites"that"serve"as"indicators"of"tissue"ischemia:"glu-
cose,"pyruvate,"lactate"and"glycerol"and"L/P"ratio."
Results:"Di&erence" in"all" ischemic"markers"was"detected"
between"the"two"groups,"caused"by"tourniquet"application."
In" the" tourniquet"group,"a"mean"period"of"74.4"minutes"
of"tourniquet"induced"ischemia"resulted"in"signi$cant"de-
creased"interstitial" levels"of"glucose"and"pyruvate"to"54%"
(2.3"mmol/L)"and"60%"(26"+mol/L)"respectively,"compared"
to" baseline." Simultaneously," signi$cant" accumulation" of"
lactate" to"116%"(2.6"mmol/L)"and"glycerol" to"190%"(244"
+mol/L)"was"observed."L/P" ratio"was"elevated" indicating"
ischemia." " In" the" non-tourniquet" group" the" metabolite"
changes" were" less" profound" and" normalized" within" 60"
minutes."
Conclusions:"Microdialysis"revealed"that"performing"TKA"
with"tourniquet" induces"signi$cant" ischemia"during"sur-
gery." is"signi$cantly"a&ects"levels"of"all"metabolites"dur-
ing"$rst"postoperative"hours"and"is"reversed"a;er"5"hours.

Introduction
In elective TKA the intraoperative use of pneumatic tourni-
quet is commonly used to minimize blood loss and enhance 
surgical overview. Despite knowing, that tourniquet induces 
ischemia and so$ tissue damage surgeons still uses it, o$en 
not aware of the e*ects of the induced ischemia „16….  
!e kinetics of ischemic metabolites during periods of 

ischemia and reperfusion remains uncertain. !e tourniquet 
pressure combined with ischemia has been investigated and 
in&icts a more profound damage to the skeletal muscle than 
ischemia alone „5…. !e clinical aspects regarding tourniquet 
use has been vigorously investigated „1,19,15,16… and cases of 
rhabdomyolysis have been described „11….
!e skeletal muscle in limbs is very sensitive to ischemic 
changes and a clinical assessment is not su'cient to evaluate 
the degree of ischemic tissue damage induced by the tourni-
quet „2, 8…. !us, using an in vivo technique could provide a 
more accurate assessment of the metabolic events. 
Microdialysis (MD) is a minimally invasive technique that 
allows continuous monitoring of metabolism in extracellular 
space. It was originally described by Ungersted and Pycock 
to monitor neurochemical changes „18…. Interstitial levels 
of metabolites as glucose, lactate, pyruvate, lactate<pyruvate 
(L<P) ratio were measured, because they serve as direct in-
dicators of ischemia, whereas glycerol re&ects cell damage 
„6,8,13….  During ischemia, lactate increases and pyruvate de-
creases, leading to an increased L<P ratio. A ratio above 25 is 
considered abnormal „9….
To our knowledge MD technique has not been applied in a 
randomized controlled setup to investigate tourniquet in-
duced ischemia during TKA surgery, even though this could 
contribute to the understanding of the phenomenon. 
!e aim of this study was to investigate the in vivo degree of 
ischemia in skeletal muscle with the use of MD during sur-
gery and cu* in&ation and during a period of reperfusion 
to estimate ischemia and cell damage. In particular the limb 
distally to the cu* was of particular interest and not directly 
beneath the cu*, where apparent ischemia takes place.

Tourniquet"Induced"Ischemia"and"Changes"in"Metabolism"during"
TKA:"A"Randomized"Study"Using"Microdialysis.

Paper"II

Ashir Ejaz 1,2,3, Anders C. Laursen 1,2,3, Andreas Kappel 1, !omas Jakobsen 1,3, Poul Torben Nielsen 1 , Sten Rasmussen 1,2,3,4

1. Department of Orthopedic Surgery, Aalborg University Hospital, Aalborg, Denmark, 2. Orthopedic Surgery Research Unit, Aalborg University Hospital, Aalborg, Denmark, 
3. Department of Clinical Medicine, Aalborg University, Aalborg, Denmark, 4. Department of Clinical Medicine, Aarhus University, Aarhus, Denmark

1



Paper"II

Materials"and"Methods:"
!is prospective randomized clinical trial was conducted at 
Aalborg University Hospital, Aalborg, Denmark. A total of 
70 primary TKA were performed between January 2011 and 
January 2012. 
Approval from the local Ethics Committee (approval 
no. N-20090045) and registration at ClinicalTrials.gov 
(NCT01309035) were obtained. All patients gave written 
consent and were enrolled in this study in accordance with 
the Consolidated Standards of Reporting Trials (CONSORT) 
and !e Helsinki Declaration (Fig.1)

Patients
Patients aged 50-85 scheduled for primary unilateral TKA 
were included and were comparable regarding demograph-
ics (table 1.) Exclusion criteria included rheumatoid arthritis, 

peripheral vascular disease, diabetes, prior knee surgery and 
use of anticoagulation medicine.
Patients were block randomized using sealed envelopes and 
were allocated into two groups: 34 patients had surgery using 
a tourniquet (Tq group) and 33 patients had surgery with-
out the use of a tourniquet (non-Tq group). !e envelopes 
were opened when the surgeon was present in the operating 
theatre before surgery. Patients were unaware of the group to 
which they had been allocated.

Fig.1. Flow chart of included participants.
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Microdialysis
Microdialysis is an in vivo technique that has been used in 
several settings to evaluate the interstitial metabolism in dif-
ferent tissues „3,12…. It represents an opportunity to observe 
metabolic processes in living tissue directly. !e microdi-
alysis catheter consists of a double-lumen linear tube that 
at the tip has a semipermeable membrane, the tube mimics 
the functions of a capillary blood vessel. !e catheter is con-
nected to a pump that, with a constant &ow, pumps the &uid 
so it can pass the membrane. Di*usion along the concentra-
tion gradient occurs in the interstitial space and equilibrium 
takes place between the &uid and molecules. !e molecules 
are collected in small vials, which re&ects the composition 
of the interstitial space &uid and can then be analyzed im-
mediately a$erwards. !e metabolites of interests have tradi-
tionally been pyruvate, glucose, lactate and glycerol. Lactate<
pyruvate ratio is a precise marker of ischemia and increase 
during ischemia was therefore calculated „12…. 
In this study we used CMA 60 (CMA Microdialysis AB, Swe-
den) catheters (length 30mm, outer diameter 0.6mm and 
molecular cut o* 20 kDa) in skeletal muscle of the lower ex-
tremity. In both groups 2-3 ml lidocaine was injected sub-
cutaneously in the gastrocnemius muscles (vastus medialis) 
before catheters were inserted parallel to the muscle #bers at 
an angle of 35`. !e correct position of the catheter was veri-
#ed by ultrasonography. In the non operated leg a catheter 
was inserted at same level, serving as a reference.   
Catheters were connected to a syringe #lled with 4 ml per-
fusion &uid T1 (CMA Microdialysis AB, Sweden) that was 
placed in CMA 106 MD pumps, that were constant perfused 
at a rate 0.3 _l<min. A$erwards a period of 40 min of &ushing 
and stabilization was allowed. 
!e ISCUS MD analyzer (CMA Microdialysis AB, Sweden) 
with Reagent Set A was used to analyze all the collected MD 
samples and this was done immediately a$er sampling. 
Before surgery, MD catheters were inserted and the average 
of the #rst consecutive samples before performing surgery, 
were used to establish a baseline and de#ned as 100> for 
metabolites. Baseline was measured, a$er an initial 40 min-
utes &ushing period followed by a stabilization period of 20 
minutes. In the reference leg, baseline reached stable values 
within that period of time, and remained unchanged for the 
whole period of 300 min (table 2).

Immediately a$er surgery and tourniquet release if that was 
used, the #rst sample was collected which de#ned the time 
zero (t=0). !e dialysates were regularly collected every 20 
min during a 5 hour postoperative period, representing time 
of reperfusion. Samples from each patient were obtained and 
the changes in the operated leg was compared to the baseline 
and the patientÂs own reference leg. In addition, the non-tq 
group served as a reference group. Di*erences between the 
two groups were compared to evaluate tourniquet e*ects.  
Long periods of ischemia leave the cells depleted of energy, 
ATP and the ability to regenerate the metabolites decreases. 
!e skeletal muscle must change from oxidative phosphor-
ylation to anaerobic glycolysis to create energy and maintain 
homeostasis. !us, a rise is seen in lactate production and 
decrease in glucose and pyruvate „10…. Glycerol is mainly 
derived from the degradation of phospholipids in cell mem-
brane, and increases due to cell damage. 
!e ratio between concentration of a metabolite in a dialysate 
and interstitial concentration is expressed as ªrelative recov-
eryº. Recovery of a given dialysate is a*ected by numerous 
factors as molecular weight, surfacearea of membrane (length 
and diameter), perfusion &ow rate, di*usion rate „3,14…. Pre-
vious studies have described that relative recovery is inversely 
related to perfusion &ow rate, i.e at a slow rate of nearly zero 
(0.33 _l<min) the relative recovery will be approaching 100> 
„3…. !e metabolite recovery in present study was de#ned as 
100>, as relative recovery was not investigated. In the litera-
ture most of the experiments are performed with incomplete 
recovery „8,10,13…
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Surgical technique
All procedures were standardized with regard to spinal an-
esthesia, operative technique  and postoperative pain treat-
ment and rehabilitation regimen.
Both groups had an appropriately sized thigh tourniquet 
applied, but it was only in&ated in Tq-group. In the non-Tq 
group, it was placed on the thigh but not in&ated, thereby 
serving as a safety device if uncontrollable bleeding should 
occur. In Tq-group limb exsanguination was done by eleva-
tion for 2 min, the cu* was in&ated to 250mmHg. !e cu* 
was not removed until the wound was closed and dressed. 
All knee implants were the NexGen| CR-Flex Fixed Bearing 
Knee (^immer, Warsaw, Indiana, USA) with use of Biomet 
Refobacin| Bone Cement R (Biomet, Warsaw, Indiana, USA). 
In all cases, the patella was resurfaced. Surgical procedures 
were all performed by the same surgeon. A two-stage ce-
mentation procedure was performed. !e tibia and patella 
were implanted #rst, and then another package of cement 
was used to #xate the femoral component. !is procedure, 
although more time consuming, was done to secure a care-
ful cementation. Immediately a$er wound closure, dressings 
were applied, and the cu* was de&ated in the Tq group and 
removed.  

Statistical analysis
Data for each metabolite over time in each group were ana-
lyzed by using analysis of variance (ANOVA), StudentÂs t-
test for comparison of the Tq-group with the non-Tq group, 
and Wilcoxon rank sum test  if assumption for t-test was not 
ful#lled. Data is presented as mean and standard deviation 

for normal distributed data. !e metabolic changes during 
surgery and reperfusion are expressed in percentages of base-
line values.
!e level of signi#cance was set at 95> con#dence limit and 
P-value less than 0.05 was considered signi#cant. Statistical 
analysis was performed by using STATA 11.0

Results
Seventy patients were enrolled in the trial: 62 patients (33 
male and 29 female) completed the study (#g 1). Preoperative 
demographics were similar between groups and showed no 
signi#cant di*erences regarding age, weight or gender. !e 
duration of ischemia was 74.4 • 3.7 minutes in the tourni-
quet group. 

Comparison"between"Tq"group"and"non-Tq"group.
Comparing the Tq group with non-Tq group di*erences were 
registered in all of the metabolites from beginning of reper-
fusion time and until a period of 140-180 min. A$er that 
there were no di*erence and the metabolites were restored 
back to initial levels. 
!is is expressed in #gure 2 where the mean di*erences be-
tween the two groups are shown. 

Paper"II

Fig."2. Tourniquet use induced signi#cant ischemia, and di*erences in the levels of all the metabolites were detected between 
 the Tq group and the non-Tq group from the beginning of the reperfusion time and until 140±180 min later.  
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Tourniquet"group
A$er a period of tourniquet induced ischemia the concentra-
tion of glucose decreased by 54> (2.3•0.7 mmol<L; pQ0.001) 
and this reduction was detectable during time of reperfusion, 
but restored back to baseline 300 min postoperatively. 
Pyruvate concentration was initially reduced to 60> (25.9• 
5.6 _mol<L; pQ0.001), while it was dramatically elevated 
during #rst period of 30-60 min of reperfusion to 123> 
(145.6+<10.9 _mol<L; pQ0.001). At 180 min it was restored 
back to baseline and no di*erence was detected (p=0.118).
Concentration of lactate increased signi#cantly during reper-
fusion of 30- 60 min up to 116> (3.9•0.8 mmol<L; pQ0.001). 
A$er 120 min of reperfusion it slowly returned to baseline 
(p=0.129). A$er 300 min no signi#cant di*erence was regis-
tered (p=0.952) when comparing to baseline (#g. 3).
Concentration of glycerol also increased dramatically at 
beginning of reperfusion to190> (244.7 • 12.5 _mol<L; 
pQ0.001) and stayed signi#cant increased during 140 min of 
reperfusion (pQ0.001). At 300 min there was no signi#cant 
di*erence (p=0.634). 
L<P ratio increased signi#cantly 79> (107 • 33.3) a$er pe-
riod of ischemia, but a$er 90 minutes of reperfusion initial 
level was restored.   
Signi#cant di*erences in all metabolites were noted until 140 
min. between operated leg and non operated leg (#g 4).
All values returned to baseline values within 300 minutes in 
both legs and no di*erence was registered.

Non-tourniquet"group"(non"ischemic"reference"group)
!e metabolites were less a*ected an returned faster back to 
initial levels (#g 5).
!e #rst sample a$er surgery showed a glucose concentra-
tion that only decreased 11.5> (4.6 •0.7 mmol<L; pQ0.001) 
during surgery and during 90 minutes of reperfusion normal 
levels were reached (p=0.220).
Pyruvate concentration was reduced to 13.5> (53.8 •9.5 
_mol<L) of the initial value and during a short reperfusion 
period of 30 minutes, it was back to baseline.
Concentration of lactate increased during early reperfusion 
and at 30 minutes it reached a maximum of 30> (2.6 •0.5 
mmol<L). A$er 60 minutes. it was unaltered and no statistical 
signi#cance was registered.   
Glycerol concentration was increased to maximum of 48> 
(114.5 • 15.4. _mol<L) 60 minutes postoperatively. During 
a longer postoperative period it slowly returned to normal 
(#g 5). 
 L<P ratio also changed signi#cantly reaching maximum at 
30 minutes reperfusion, 45> (42.2• 13.3; pQ0.001) but a$er 
this time of it was quickly restored. Di*erence between op-
erated and non operated leg did not show greater ischemic 
conditions, rather cell damage as a response to surgery was 
registered, expressed as increase in glycerol (#g.6)  

Paper"II

Fig." 3. Absolute values in percentile 
change from baseline. !e ischemic 
changes are restored a$er a 300 minutes. 

Fig." 4. Mean di*erence between op-
erated leg and reference leg in the T] 
group. Signi#cant di*erences in metab-
olites were noted until 140 min.

Tq"group
Mean di*erence between operated leg and reference leg

Tq"group
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Fig." 5. In non-Tq group metabolite 
changes were smaller and restored with-
in 60 min.

Fig." 6. Mean di*erence in non Tq-
group between operated leg and ref-
erence leg. Glycerol is a*ected due to 
cell damage as a response to surgery. 
Ischemic metabolites are not a*ected.  

Non-Tq"group
Mean di*erence between operated leg and reference leg

Non-Tq"group

Discussion
Microdialysis is recognized as a useful tool to assess meta-
bolic changes in skeletal tissue in clinical settings „8,10…. We 
determined that microdialysis is an e*ective way to monitor 
interstitial levels of metabolites during tourniquet induced 
ischemia. !is RCT was conducted to investigate metabolic 
changes distally in a limb, since the ischemia underneath the 
tourniquet has been described previously in literature „10…. 
!e period of interest was when the limb was exposed to 
ischemia during surgery and time of reperfusion. !e main 
#ndings showed that tourniquet use in&icts ischemia and 
cell damage measured by metabolites. Signi#cant ischemia is 
induced in the a*ected limb until 3 hours because of tourni-
quet use. !e ischemia was reversible a$er 5 hours.
To our knowledge, this study is the #rst to assess the ischemic 
changes during TKA surgery caused by tourniquet use in a 
randomized setup
Microdialysis is a minimally invasive technique that has lim-
ited risks for patients and even with small concentration vol-
umes monitoring of the ischemic changes is allowed. !is is 
applicable despite reduced blood &ow during ischemia ± the 
sampling of interstitial &uids can continue. 
Microdialysis contains a major limitation when estimating 
data because only an approximation can be stated. Recovery 
depends upon many factors that a*ect the equilibrium, to 

achieve the highest recovery we used the largest membrane 
recommend to skeletal tissue and the lowest perfusion rate 
allowed. Most of the clinical studies available use relative re-
covery and by using very low &ow recovery will be reaching 
near 100>.   
!e di*erence between the two groups illustrate that tourni-
quet application induces changes in level of metabolic mark-
ers, which are manifested up to until 180 minutes of reper-
fusion.
!e systemic response to surgery observed in the markers 
can be adjusted for by using the non tourniquet group as ref-
erence and it can be concluded that the di*erences in marker 
levels is locally a*ected by the tourniquet induced ischemia.
In the tourniquet group there were signi#cant changes of all 
the metabolites in the operated leg, when comparing base-
line to measurements during reperfusion. !e di*erences 
were present in all of the metabolites and were signi#cant 
comparing from baseline during reperfusion, before slowly 
returning to normal levels. !e non-operated leg, that served 
as indicator for systemic response was compared to the op-
erated leg and signi#cant di*erence was also present at the 
individual measurement points. !e di*erence between the 
operated leg and non operated leg represents the local skel-
etal muscle response in the operated leg.
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In the non-tourniquet group, levels of metabolites were 
changed in the operated leg when measured a$er surgery 
compared to baseline. !ey quickly restored back to initial 
values. !e changes were similar to tourniquet group, but not 
as large and prolonged. Comparing the operated leg and ref-
erence leg there was no signi#cant di*erence, indicating that 
a local response is not occurring and that the changes are due 
to an overall systemic response to surgery (#g.5).
!igh pain and swelling has been investigated in other stud-
ies, #nding tourniquet application being the reason for in-
creased pain and swelling due to ischemia and direct com-
pression „19, 20… 
Little is known about basal metabolite concentrations in in-
terstial levels of resting skeletal muscle. Comparing to previ-
ous studies „8,10,13… our baseline levels are in agreement with 
data reported earlier. In these studies levels ranged from 3.3-
5 mmol<L for glucose, between 1.9 -2.4 mmol<l for lactate,  
between 40-96 _mol<L for glycerol, while pyruvate was only 
measured in one study „10… at levels of around 40 _mol<L.
Glycerol is a component of the cell plasma membrane and re-
leased into the interstitial space when cells are damaged dur-
ing surgery. Glycerol can be used as a marker of cell destruc-
tion. In addition, high levels of glycerol may also be due to 
the hormonal regulation of lipolysis and hypoglycemia dur-
ing tourniquet use which facilitates a catecholamine response 
that initiate a lipolysis reaction in skeletal muscle„4…. !is can 
partially be a reason for the high rise in glycerol concentra-
tion in the tourniquet group, combined with the mechanical 
compression of the tourniquet. 
L<P is a precise marker of cell ischemia „6… ± in the present 
study, we observed a di*erence from baseline immediately 
a$er surgery when using tourniquet. A$er a period of 60 
minutes reperfusion L<P ratio levels were back to normal. In 
the non-Tq group no di*erence was observed. !e tourni-
quet use causes ischemia indicated by an increased L<P ratio.  
Muscles are believed to be relatively resistant to ischemia, but 
even shorter and drastic periods of ischemia may result in 
an overload of calcium in the muscle and secondary com-
plications can occur especially in weaker patients such as 
compartment syndrome and respiratory distress syndrome 
„3,8…. !is should be taken into consideration if tourniquets 
are applied.  

Conclusion:
!is study shows that microdialysis is a capable way of moni-
toring local metabolic changes in skeletal muscle, a*ected 
by tourniquet during TKA surgery. Using tourniquet is as-
sociated with increased ischemia and cell damage, during 
#rst postoperative hours and the changes are reversed a$er 
5 hours. 
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Abstract
We" aimed" to" evaluate" the" use" of" an" intraoperative" tour-
niquet"in"cemented"TKA"surgery,"especially"to"determine"
whether"not"using"a"tourniquet"would"a&ect"early"migra-
tion"of" the" tibial"component"as"measured"by" radiostero-
metric"analysis"(RSA)."
Seventy" patients" who" underwent" total" knee" arthroplasty"
were" randomised" into" a" tourniquet" group" (n=35)" and" a"
non-tourniquet"group" (n=35)."Groups"were"similar"with"
regard"to"age,"gender,"grade"of"arthritis"and"surgical"tech-
nique."All"patients"had"1.0-mm"tantalum"beads" inserted"
into"the"proximal"tibial"bone,"and"using"model-based"RSA,"
the"migration"of"the"tibial"component"was"analyzed."Pri-
mary"outcome"measure"was"maximum"total"point"motion"
(MTPM)"and"secondary"outcome"measures"were"transla-
tions"and"rotations." e"follow-up"period"was"2"years."
 e"tibial"component"was"well"$xated"in"both"groups"and"
no" signi$cant" di&erence" in" migration" between" the" two"
groups" was" detected" a;er" 2" years" (p=0.632)." At" 2" years"
mean"MTPM"(SD)"was"0.47mm"(0.16)" in" the" tourniquet"
group" and" 0.45mm" (0.21)" in" the" non-tourniquet" group."
 ere" were" no" intraoperative" complications" registered"
when"a"tourniquet"was"not"used.
 ere" was" no" di&erence" in" tibial" migration" between" the"
two" groups," indicating" that" stable" $xation" of" the" tibial"
component"can"be"achieved"in"cemented"TKA"without"use"
of"a"tourniquet.
"

Introduction
!e use of a pneumatic tourniquet in elective total knee ar-
throplasty (TKA) is still commonly used to provide a blood-
less #eld and reduce blood loss. Furthermore, the diminished 
bleeding should in combination with careful pulse lavage 
provide a better cementation and #xation of the implant 1. 
!is is because a dry cement-bone interface allows proper 
cement penetration and bone cement interdigitation 2.   
Although many studies have been carried out to settle the 
question of whether or not to use tourniquet, they have pri-
marily focused on clinical outcomes such as operation time, 
intraoperative bleeding, pain and knee &exion3, 4, 5. Systematic 
reviews and meta-analysis regarding the problems of tour-
niquet use in TKA have not reached a de#nitive consensus, 
but encourages further investigation of implant #xation 6, 7, 8.

Radiostereometric analysis (RSA) was developed by Selvik in 
1974 9 and is an accurate 3-dimensional measurement tech-
nique, that can be used to evaluate migration and #xation of 
implants with reference to 1 mm tantalum markers implant-
ed in the surrounding bone. Early micromotion between im-
plant and bone is associated with early need for revision 10. 
Model-based RSA (MBRSA) is a further developed method 
to determine migration and unlike marker-based RSA it 
does not require markers attached to the implant. Instead 
MBRSA uses a digital image-processing technique based on 
Cad models of to determine the location and orientation of 
the implant. MBRSA has been compared with marker-based 
RSA and been shown to be a valid technique to determine 
the accuracy of implantation. 11,12  To our knowledge, RSA-
evaluation of tourniquet e*ects on implant #xation has been 
carried out in only two other studies, both of which used 
marker-based RSA.13,14  Other studies have used plain radio-
graphs to assess whether loosening took place without tour-
niquet use 3, 5.  !is present study is the #rst using model-
based RSA to detect possible migration when a tourniquet 
was not used. We assumed that if no di*erence in migration 
was detected between the two groups, it was acceptable to 
conclude that tourniquet use did not in&uence the quality of 
implant #xation.  
!ere are no clinical studies indicating that tourniquet use 
improves #xation. !e aim of this RCT study was to deter-
mine whether implant #xation was in&uenced by the absence 
of a tourniquet and the presence of active bleeding. We hy-
pothesized that not using a tourniquet during TKA would 
not a*ect implant #xation.

Absence"of"a"tourniquet"does"not"a&ect"$xation"of"cemented"TKA:"
a"randomised"RSA"study"of"70"patients.

Ashir Ejaz 1,2,3, Anders C. Laursen 1,2,3, Andreas Kappel 1, !omas Jakobsen 1,3, Sten Rasmussen 1,2,3,4, Poul Torben Nielsen 1, 
Mogens B. Laursen 1,2,3
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Patients"and"Methods"
!is prospective randomised clinical trial was conducted at 
Aalborg University Hospital, Aalborg, Denmark. A total of 
70 primary TKAs were performed between January 2011 and 
January 2012. 
Approval from the local ethics committee (approval 
no. N-20090045) and registration at ClinicalTrials.gov 
(NCT01309035) were obtained. All patients gave written 
consent and were enrolled in this study in accordance with 
the Consolidated Standards of Reporting Trials (CONSORT) 
and !e Helsinki Declaration (Fig.1)
Patients aged 50±85 were included if inclusion criteria were 
met and an elective unilateral TKA because of gonarthrosis 
stages 3±5 according to Ahlb[ck (1968) 15 was planned.

Exclusion criteria included rheumatoid arthritis, peripheral 
vascular disease, diabetes, prior knee surgery and use of anti-
coagulation medicine.
Patients in both groups were comparable with regard to de-
mographics (Table 1). Patients were block randomized us-
ing sealed envelopes and were allocated into two groups: 33 
patients had surgery using a tourniquet (Tq group) and 31 
patients had surgery without the use of a tourniquet (non-Tq 
group). !e envelopes were opened when the surgeon was 
present in the operating theatre before surgery. Patients were 
unaware of the group to which they had been allocated.

ag ng (1 8) pl

����
�������
�������
�����������"�	�-�&�'�#�� �����������������������"�	�-�%�)�#�� �	�����!�����������������������"�	�-�%�(�#��

���� �	�� �	�� �	�"�,�#��
�
��������� ���� ���
���� ���	�������� ���������	��

���� ���� ���� ����

���� �����
���.�
���� �����
���.�
���� �����
���.�
����
�������"�����
�����#�� �������	���������� �������	�������
�� �����������
������

���������������"�����#�� �������������
������ �����������������
�� ��������������������

���������������"�����#�� �������
�������	�� �������
���
���	�� �������
������������

�������� ���������������	�� ������������������ ������������������

��

Fig.1 Flow chart of included participants.

Table 1. Demographics (SD: Standard Deviation)   
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Surgical technique
All procedures were standardised with regard to preoperative 
tranexamic acid, spinal anaesthesia, postoperative pain and 
rehabilitation regimen. 
Before surgery, tranexamic acid (1 g) was administered oral-
ly, and immediately prior to skin incision, cefuroxime (1.5 
g) was administered intravenously. In addition, tranexamic 
acid (0.5 g) was given 3 hours a$er surgery, and cefuroxime 
(750 mg) was given 6 and 12 hours postoperatively. !rom-
bosis prophylaxis was achieved with use of rivaroxaban (10 
mg per day) throughout hospitalisation. Both groups had an 
appropriately sized thigh tourniquet applied, but it was only 
in&ated in the Tq group. In non-Tq group, it was placed on 
the thigh but not in&ated, thereby serving as safety device in 
case of uncontrollable bleeding. In the Tq group, limb exsan-
guination was done by elevation for 2 min, and the cu* was 
in&ated to 250 mmHg just prior to skin incision.
All knee implants were the NexGen| CR-Flex Fixed Bearing 
Knee (^immer, Warsaw, Indiana, USA) with use of Biomet 
Refobacin| Bone Cement R (Biomet, Warsaw, Indiana, USA). 
In all cases, the patella was resurfaced. Surgical procedures 
were all performed by one single surgeon. A midline skin 
incision and medial parapatellar arthrotomy were applied. 
An intramedullary guide system was used for the femur and 
external guides for the tibia. !e distal femur guide hole was 
plugged with autogenous bone gra$s. Cement was applied 
on the tibia plateau surface, beneath the tibial tray and along 
the stem. Anchorage holes were drilled into the tibia plateau 
to increase the contact area between bone and cement. !e 
proximal tibia bone was prepared for RSA with the inser-
tion of 14±16 tantalum beads of 1.0-mm. Modern cementing 
technique was used that involved meticulous pulse lavage of 
the exposed cut-bony surface before cement application. A 
two-stage cementation procedure was performed. !e tibia 
and patella were implanted #rst, and then another batch of 
cement was used to #xate the femoral component. !is was 
done to secure enough time to obtain a careful cementation 
with proper pressurisation. A$er cementation, further pulse 
lavage debridement was performed to eliminate cement de-
bris from the wound16. 
Immediately a$er wound closure, dressings were applied, 
and the cu* was de&ated in the Tq group and removed.  
Postoperative rehabilitation and pain management were 
standardised for both groups and followed a standard proto-
col including full weight bearing. 

RSA Outcomes 
RSA were all obtained on the #rst postoperative day. !is was 
used as reference examination. Subsequent follow-up exami-
nations were performed on outpatient controls at 2, 6, 12 and 
24 months. !e RSA setup was as recommended in Valstar 
et al.17, with two ceiling-#xed automatically synchronised 
roentgen tubes, which were angled 90o relative to each other. 
A biplanar calibration box (RSA Biomedical, Sweden) was 

placed in the midsection of the roentgen focus.
All radiographs were fully digitalised. Precision was evalu-
ated at 1-year follow-up at which time double examinations 
were performed, with total repositioning of the patient and 
the radiographic equipment. All stereoradiographs were ana-
lysed using model-based RSA so$ware (MBRSA v3.3.2, Me-
dis Specials, Leiden, the Netherlands)
!e upper limit for mean error of rigid body #tting (stabil-
ity of markers) was 0.14. !e mean condition number (CN), 
which indicates the distribution of bone markers and thereby 
the quality of the rigid body formed by the markers, was 21. 
!is low CN indicates that the distribution and quality were 
good. A CN lower than 90 - 100 is suggested as being ap-
propriate. 17 !e main outcome measurement was based on 
maximum total point motion (MTPM), which represents 
the vector length of a marker in the rigid body that has the 
longest translational motion, not considering direction, and 
always has a positive value. In addition, translations and 
rotations were calculated accordingly to the standards sug-
gested by Valstar et al.17 as secondary RSA outcome variables. 
Rigid-body translations and rotations of the implant were 
calculated about a coordinate system centred at the centre of 
the implant, and the axes were aligned with the anatomical 
directions. 
 Translations along the axes were given as x-translation (me-
dial- lateral movement), y-translations   (superior<li$-o* and 
inferior<subsidence movement) and z-translations (anterior 
and posterior movements). Rotations around the axes were 
expressed as x-rotation, y-rotation and z-rotation, which rep-
resent anterior-posterior tilt, internal-external rotation and 
varus-valgus tilt, respectively. 

Statistical analysis
Sample size was based on earlier studies.13, 18  Using a SD 0.2 
mm with } = 5 and ~ = 80, the sample size of each group was 
25. Because of possible risk of patient drop-out, the number 
was increased to 35 per group.  
In a systematic review, it was suggested that a MTPM mi-
gration threshold of less than 0.54mm was acceptable19.  We 
chose migration \0.5mm in magnitude at 2-year follow-up 
to be ªclinically relevantº based on previous clinical studies10, 

12, 20. !is means the 2SD would have to be within +<- 0.5mm. 
Data were analysed by ANOVA and Mann-Whitney U-test 
to compare mean di*erence in migration (signed values) 
where appropriate. !e level of signi#cance was set at the 
95> con#dence limit, and p-values less than 0.05 were con-
sidered signi#cant. Data are presented as mean and standard 
deviation (SD). Statistical analysis was performed by using 
STATA 11.0
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Results
Seventy patients were enrolled in the trial and 57 (28 male 
and 29 female) completed the study (Fig.1). 
Patients were similar concerning preoperative demographics 
(Table 1). !ere were no di*erences regarding age, weight, 
gender or radiographic osteoarthritis grade.
During 2-yearsÂ follow-up no statistically signi#cant di*er-
ence was detected in the mean values of MTPM between the 
two groups (p=0.63) (Fig.2). No statistically signi#cant dif-
ference was detected in mean values of translations or 
rotations along the sagittal, transverse and longitudinal axes 
a$er 2 years (Table 2). 
In both groups, all of the patients analysed with RSA showed 
excellent and stable #xation throughout the follow-ups, and 
no signi#cant migration was detected. 

!ere was no statistical di*erence detected in mean values of 
translation or rotation, along or around the x-, y- and z-axes 
at any time during follow-up, p X 0.05. All mean values were 
below 0.5 mm and 0.5 degrees for both groups.

We registered one case of early tibial component loosening 
in the Tq group. !e patient was initially without symptoms 
and well mobilised, but on plain radiographs the loosening 
was detected at week 8. Implant loosening had occurred due 
to impaired subchondral tibia bone quality caused by a cyst 
not recognised before or during surgery. !is patient was not 
included in RSA analysis.

Fig." 2. MTPM Maximum total 
point motion during a 2-year 
follow-up
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Table 2. RSA results expressed as mean translation and rotation of the tibial component. Positive directions for translation along orthogo-
nal axis were { (medial-lateral), Y (caudal-cranial), ^ (posterior-anterior). Positive directions for rotation around the coordinate axes were 
{ (anterior posterior tilt), Y (internal-external rotation), ^ (varus-valgus tilt).
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Discussion
!e reason for applying a tourniquet is to ensure less intraop-
erative bleeding and concurrently optimise surgical visibility 
and thereby potentially reducing duration of surgery time. 
Another important argument for tourniquet application is 
to achieve better implant #xation because blood may impair 
bone-cement interdigitation 2. It is known that tibial compo-
nents migrate a$er surgery, most marked in the #rst 6 weeks; 
later, migration diminishes and stabilises approximately 1 
year a$er surgery 10, 21, 22. Obtaining a good and secure initial 
#xation is of utter importance. Implant #xation and survival 
are endpoints that reveal the success of a TKA operation. 
!erefore it was important to contribute to answering the 
question of whether using a tourniquet secures better cemen-
tation and especially #xation of the tibial component, which 
seems to be the main site of loosening.
!e aim of this present RCT study was to investigate whether 
absence of a tourniquet would worsen implant #xation dur-
ing the #rst 2 years a$er TKA surgery using RSA, expressed 
by MTPM, as primary outcome. Our study showed no signif-
icant di*erence in mean values of MTPM between patients 
in whom a tourniquet was used and those in whom a tour-
niquet was not used.  Also, no signi#cant di*erence in mean 
values was detected in the translations and rotations. In our 
study condition number and mean error of rigid body #tting 
were low, and the overall quality of RSA examinations was 
good.  
To our knowledge this is the #rst study to investigate the 
e*ect of a tourniquet on implant migration and long-term 
survival using model-based RSA. Only two other studies 
regarding implant #xation have been conducted; both used 
marker-based RSA and involved 50 patients and 60 patients, 
respectively.13,14 !eir results support our #ndings. MTPM 
and translations and rotations a$er 2 years showed no dif-
ference. Ryd et al.10 categorised implants movements to be 
stable if MTPM was Q 0.2 mm between 1  and 2 years or as 
being at risk of loosening if MTPM was X 0.2 mm, thus giv-
ing an accuracy of 0.2 mm for translation and 0.5 degrees for 
rotations. Other studies have reported accuracy that ranges 
from 0.05 to 0.5 mm for translation and 0.15o to 1.15o for 
rotations 20, 23. In accordance with this, our #ndings showed 
implant #xation and long-term implant survival was not 
compromised.        
One shortcoming of this study was the use of modelbased-
RSA from CAD models. !e precision relies on obtaining 
an exact contour detection of the tibial tray geometry. !e 
method has been proven to be a highly accurate method to 
evaluate #xation of tibial components.24, 25  Other factors such 
as osteoporosis that can cause motion were not considered in 
the present study, but randomisation should equalise these 
parameters.  
!e corner stones of modern cementing technique are sur-
face preparation including comprehensive high pressure 

pulse lavage that enhances the mechanical bone-cement in-
terdigitation by removing blood and causing a better cement 
penetration 26. Furthermore a careful cleaning of remaining 
cement debris is crucial because it may prevent ªthird body 
wearº responsible for implant loosening and polyethylene 
wear 16. !ese steps are some of the key elements to secure 
a high quality implant #xation so that the risk of long-term 
survival failure is reduced. Common practice is to cement 
the components in one phase, whereas we divided the ce-
mentation process into two phases. !is prolonged the time 
necessary to complete the surgery time, but was carried out 
to secure an optimal cementation. 
MTPM between the two groups showed no di*erence in 
migration or rigid body motion pattern, indicating that the 
absence of a tourniquet did not worsen the #xation of the 
tibial component and increase the risk of long-term loos-
ening. MTPM can easily be a*ected by movements from 
all directions, but it is appropriate for detecting di*erences 
between two similar groups. Translations and rotations are 
more precise variables of the rigid body?s centre of gravity. 
!ese variables did also support that there was no di*erences 
in migration between the two groups.  !e MTPM reported 
in our study is close to the limit for acceptable migration. 
!is limit varies for implant types, because some have more 
migration than others 27. !e translations and rotations pre-
sented good values. 

In the randomised study by Vandenbussche et al.5 plain ra-
diographs analysis was performed at 3 months, looking for 
early signs of aseptic implant loosening with special attention 
to radiolucent lines, and no signi#cance di*erence was seen 
in relation to tourniquet use or non-use. Abdel-Salam and 
Eyres3  also reported that no di*erence was detected between 
the two groups based on evaluation of plain radiographs dur-
ing a 2-year follow-up.
Since very little is known about implant #xation and long-
term survival or cement interdigitation in relation to tourni-
quet use, we suggest that further RCT studies be conducted 
to investigate the long-term revision rates of the tibial com-
ponent. In conclusion, we found that performing cemented 
TKA surgery without use of tourniquet is safe in terms of ob-
taining a good cementation and implant #xation, indicating 
that long-term implant survival is not compromised.  
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